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A study has been made of phytocenoses in the mesoli ttoral level and upper 

infrali ttoral fringe of the Mar Piccolo at Taranto (Ionian Sea - Southern Italy), an 
area till now scarcely studied from a botanical point of view except for some note~ 

(PIERPAOLI,1923;1959;1960). The Mar Piccolo, which has a surface area of 20.72 Km 
lies to,. the North of the city of Taranto and is divided by two promontories of land 
into two basins, which are called the First and the Second Inlets. It contains 
several submarine fresh water springs, called "ci tri". This study was carried out, 

during the months of June and September 1987, ';\sing the phytosociological method. 
The samples were taken from 21 squares of 400 em , each square being at a different 
station. Twentyone Rhodophyceae, 1 Phaeophyceae and 18 Chlorophyceae in addition 
unclassified Cyanophyceae and Diatoms were found. It is noteworthy that Hypnea 
cervicornis J .Agardh which is spreading accross the Mediterranean was found there. 

In the mesoli ttoral level the predominant species are Enteromorpha prolifera 

(Mueller) J.Agardh and Enteromorpha intestinalis, (L.) Link (RIZZI-LONGO and 
GIACCONE, 1974). In highly polluted areas these species usually substitute the 
Enteromorphetum compressae association.· As pollution increases even these species 

become scarcer and finally are substituted by a coating of Cyanophyceae and Diatoms 
in colonies. This process was observed in September at the stations near sewer 

outlets. In the upper infrali ttoral fringe the Pterocladio-Ul vetum association is 
well represented. From a phytosociological point of view there are the following 
syntaxa: Pterocladio-U1vetum (25% of the species found); Acrochaetietalia (22.5%); 
Cystoseiretalia ( 12. 5%); Rhodymenietalia ( 12. 5%), whose presence is probably due to 
the increasing turbidity. A considerable incidence ( 27. 5%) of the ubiquitous species 
was also observed. In particular it was noticed that Ulva rigida C.Agardh, which was 

predominant in June, was substituted in September by Ulva curvata (Kuetzing) De Toni 
(this substitution has been observed in the Venetian Lagoon by RIZZI-LONGO and 
GIACCONE (1974)) and by Ulva scandinavica Eliding. Similarly Enteromorpha flexuosa 
(Wulfen ex Roth) J.Agardh and E.intestinalis, which were dominant in June, were 
substituted by E. prolifera in September. In order to evaluate the environmental 
qua1i ty the following biological indexes (CORMAC I et al., 1985) have been 
calculated: l) mean total covering expressed as a percentage (June: 64.3%, 
September:45. 7%), 2) mean number of species found in the samples (4.6 in June, 4.1 
in September), 3) mean diversity index (H'=1.2 in June and 0.8 in September); 4) 
mean Rhodophyta/Phaeophyta ratio ( R/P=3 in June and 2 in September) • The values 
found, both in June and in September, show that the system balance had been strongly 
altered; in fact the mean number of species for each sample and the values of mean 

diversity index were very low. Even if the R/P index values were apparently regular, 
it is necessary to consider that there was a very high percentage of samples ( 85.7% 
in June and 90.5% in September) whose R/P ratio could not be calculated owing to the 
lack of Phaeophyceae and even Rhodophyceae. In September the environmental 
conditions compared with June showed a worsening. In fact in this period, high 
temperatures in the surface waters (28°C) were recorded with a consequent reduction 
in the oxygen concentration, which was already low as a result of the effects of 
mineral oils and hydrocarbons that are always present on the surface. Variance 
analysis was carried out for the values of the above-mentioned biological indexes of 
each sample, in order to find out whether they varied by months and/or by the 
specific characteristic of the two Inlets. The results showed that only the values 
for total covering were influenced, but these varied only by seasons. The other 
three indexes were not influenced either by seasons or by the typical characteri
stics of the two Inlets. In order to underline the existence of real differences 
between the two Inlets of the Mar Piccolo, a similarity analysis was carried out 
using Sorensen index, for both sampling months. This analysis showed that the First 
Inlet stations were not homogeneous. This is probably due to the larger scale of the 
residential development along the coast of this basin as compared to that of the 
Second Basin; such developments cause variations of ecological factors along the 

coast, which influence the composition of the species making up the algal mantle. 
The stations of the Second Inlet had virtually similar results for the composition 
of the species. This leads to the conclusion that in this basin the environmental 
conditions were virtually homogeneous. 

CONCLUSIONS 

This research confirms that the Mar Piccolo in Taranto is a basin with typical 
lagoon peculiarities. This has been underlined by the general appearance of 
vegetation, which is typical of lagoon environments in the High Adriatic. In 
particular it shows many similarities with the Venice and Grado Lagoons. A typology 
study of vegetable associations has shown that the basin is suffering from urban 
development projects, which have degraded its environment. 
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Ce travail a pour but de faire le point sur les connaissances actuelles de la 
flore benthique et surtout d'evaluer l'actualite effective d'un recensement 
floristique des entites algales benthique presemes en Sardaigne qui puisse 
etre mis en rapport avec les connaissances geobotaniques de la 
Mediterranee. En effet, certains travaux phytogeographiques (Cormaci, 82; 
Furnari, 84) ne considerent pas le contingent algal sarde-corse dont les 
signalisations dCpassent le nombre de 600. 

La flore de la Sardaigne a et<~ extraite des travaux suivants: 
BARBEY w.,l884 - Flora Sardoae Compendium. Lausanne. 
BRANBATI A., CH!RARDELLI E., GIACCONE G., OREL G., V!O E., 1980 - Bionomia del Canale di S. 

Pietro. Nova Thalassia 4:135-171 
CH!APPINI M.,l970 - Ricerche sulle Alghe marine della Sardegna. Nota 1: Dalla Costa da 

Cagliari a Flumini. Morisia 2:37-45 
DESSI P.,l975 - Osservazioni di algologia nel Golfo di Alghero (Tesi di Laurea in Sc. 

Naturali, Univ. di Sassari) 
GIACCONE G., Cossu A., MusCETIA G .. e DELORENZO R. 1988 - in corso di stampa - Studio 

di Impatto Ambientale nella rada antistante la zona industriale di Porto Torres 
(Sardegna Nord-Occidentale) 

MOLINIER R., 1955 - Apercu de bionomie marine sur le cotes septentrionales de la 
Sardaigne. Bul.Staz.Acquic.Peche, Castiglione 7:373-400 

PICCONE A .. 1878 - Florula Algologica della Sardegna. Giorn. Bot. !tal 10(3): 289-367 
PICCONE A., 1884 - Nuovi materiali per l'algologia Sarda. Giom. Bot. Ita! 16(1): 33-49 
SOLAZZI A., 1971 - Le alghe della Sardegna Gior. Bot. !tal. 105(4): 201-202 
SOLAZZI A., 1974 Le alghe della Sardegna. Atti e mem. Accademia Patavina di SC. 

Lettere e Ani Vol LXXXVI (1973-74) P. II" Classe di Scienze Mat. e Nat. 
SOLAZZ! A., 1968 - flora algale della Sardegna Nord-Occidentale (l.di Tavolara • Molara 

e Scoglio Molarotto) - Accademia Naz. dei Lincei Ser.VIII Vol XLV fasc. 6 
S OLAZZI A.. 1969 - Su alcuni ritrovamenti interessanti di alghe in Puglia e in 

Sardegna. Gior. Bot. llal. 103(2): 163-167. 
Le contingent actuel arrive a 427 entites partagees en 103 

Phaeophyceae, 240 Rhodophyceae, 57 Chlorophyceae et 27 Cyanophyceae. 
Le rapport Rh/Ph est de 2.3. ce qui montre que le nombre des 

Rhodophyceae est certainement sous-estime, surtout si on le compare a 
celui de Ia Mediterranee centre-orientale qui est, lui, d'environ 3,1. 

Le spectre chorologique (fig. 1) est done coherent avec celui des 
principales flore mediterraneennes. Le degre de superposition floristique 
evalue sur les especes sardes qui soient egalement presentes dans d'autres 
zones de Ia Mediterranee mais qui ne soient pas cosmopolites, nous permet 
de determiner le niveau d'affinite entre Ia flore sarde et les autres (fig. 2). 

On remarque un degre de superposition considerable entre la Corse, 
!'Ouest et le Nord-Est de la Sicile, alors que celui qui concerne la flore de 
l'Adriatique est par contre plutiit difficile a interpreter. 
II est necessaire de preciser que: a) les travaux de Piccone et Barbey 
remontent au siecle dernier; b) de nombreuses signalisations sont douteuses 
et ne sont pas controlables du fait que les exemplaires d'herbier n'existent 
plus; c) a cctte epoque, les echantillonnages furent effectues a !'aide de 
bennes au lieu que grace a !'observation directe; d) les localites examinees 
sont surtout celles du sud de l'ile et quelques-unes d'entre elles seulement 
on! ete examinnees selon une methode moderne. 
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Fig. 1- Spectre Chorologique des entites algales de !a Sardaigne 
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Fig. 2 - Niveau de superposition entre le contingent algal 
sarde et celui des autres zones de la Mediterranee 

En Conclusion on peut done affirmer que la florc algale de la Sardaigne est 
bien loin d'etre ctefinie surtout en ce qui concerne les Rhodophyceae. Notre 
objectif futur est celui de determiner les typologies les plus caracteristiques 
de l'ile et d'obtenir grace a elles, avec des recoltes saisonnieres sur les 
differents niveaux du litoral, un echantillon suffisamment representatif 
pour Ia definition de Ia flore de !a Sardaigne. 
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ABSTRACT: The heavy winters in periodical succession on the Romanian shore of the 
Black Sea bring about a very high amount of algae vegetation destruction both in 
the supra and in the infralitoral. This phenomenon is mainly due to the very low 
temperatures which cause the freezing of the coastal waters. Ice, both through its 
mechanical action of frictioning the rocks and through its long standing covering 
of vegetation is considered the most noxious agent. 

De temps, en temps, a des intervalles plus ou moins longs, le littoral de la 
Mer Noire connait des hive a particulierement rigoureux ,la temperature, basse sur .'!_ 

ne longue periode, fait geler les eaux cotieres. Des 1972, de pareilles temperatu
res bases (jusqu' a -2o"c), sui vies par des gelees cycliques se sont sue cede de 
la mi-janvier jusqu' au debut de mars. 

Les facteurs defavorables lors de ces hivers rigoureux sont la temperature tres 
basse et la glace qui se forme et qui a une double action destructive sur la vege
tation macrophyte. La premiere de ces actions et la plus nuisible, est l 'action me
canique, la glace emportee par les vagues, polit les rochers et les fonds par un 
frottement prolonge. Cette action destructive est encore amplifiee par les tempetes 
et les vents violents qui sont fr€quents sur la cOte roumaine pendant la saison 
fro ide; la deuxieme est 1 'inhibition du processus de photosynthese et la diminution 
de la respiration. 

Il faut ajouter les grands glac;ons arraches, par les courants et les vents du 
Nord, aux eaux du golfe d'Odessa et des embouchures du Danube. 

Dans le mediolittoral, toutes les associations d 'algues typiques pour la saison 
froide, formees par Urospora penicilliformis, Bangia fuscopurpurea, Blidingia mar
ginate, les especes Enteromorpha, Ulothrix ·•t Ceramium, qui ne se developpent comme 
il faut que dans les conditions d 'une humectation periodique ·ont ete detruites par 
la glace qui a couvert pendant une longue periode toutes 1es pierres et les rochers 
du mediolittoral. Certaines algues ont survecu pendant 7-10 jours au maximum sous 
la couche de glace, dans les fentes des roc hers. 

Parfois, 1 'effet nuisible de la glace s'avere etre catastrophique. Ce fut le cas 
des associations des deux especes de Cystoseira: C.barbata (Good et Wood) Ag et S 
crinita (desf.) Bory F. bosphorica (Sauv.) A. Zin et Kalug, de la ceinture de vege
tation de 1' infralittoral, dont 80% en ont ete Himinees a la suite de 1 'hiver rigo 
reux de 1 'annee 1972. Les champs de Cystoseira avaient ete "fauches" a 1-2 em au-
dessus du disque adhesif. Par la suite, 1 'annee suivante, des zones entieres du fa
cies pierreux de 1' infralittoral sont res tees d€nud€es, d 'autres associations, no
tamment les especes Cladophora, Enteromorpha et Ceramium, s'y installant, especes 
dont 1' importance ecologique et economique est de moindre importance. Cystoseira 
- algues perennante - dont la taille peut atteindre 1,5 m, formait l'une des asso
ciations les plus riches et les plus repandues de tout le fond rocheux de la zone 
infralittorale de la cote roumaine. Elle representait une vraie zone tampon qui, 
par ses thalles elastiques et bien fixes contre les roches, attenuait beaucoup la 
force des vagues. 

Sur leurs branches dont les bouts charges d' elements rt:producteurs constitua
ient la nourriture des nombreuses especes de poissons phytophages, une riche epibio 
se trouvait son milieu de vie ideal. -

La destruction a grande echelle de ces algues a conduit et conduira dorenavant 
a d'importants changements dans'le benthos de la zone de l'infralittoral rocheux de 
la c6te roumaine. 

Les dernieres annees, les germes et les plantules ne sont plus parvenus a se de 
velopper et a refaire ces associations, vu l 'augme!).tation du degre de turbidite et
de colmatage des eaux ci3tieres, suite a de nombreux travaux hydrotechniques ou a 
1 'ecroulement des falaises argileuses pendant les tempetes. A tout ce1a il faut ajo 
uter la degre toujours plus eleve d' eutrophisation des eaux ci3tieres suite au deve= 
loppement des agglomerations urbaines. 

Tout cela a determine la destruction des nombreuses algues brunes et rouges a 
1 'etat juvenile, plus sensibles aux facteurs de milieu mentionnes ci-dessus, tout 
en favorisant le developpement des algues vertes, dont les plantules ont une plus 
grande resistance. 
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The macroalgal flora of the Mediterranean Sea contains several distinct 

floristic elements, a consequence of its paleogeographical past (Feldmann 

1937, Pl!r~s 1967, Haritonidis 1978, Cinelli 1985). There are few 

investigations on the temperature requirements of Mediterranean algae (LUning 

1985), and little is known about the temperature demands charact~rizing algal 

species belonging to different floristic elements. The subject of the present 

investigation was, hence, to determine the upper temperature limits for 

survival, and temperature optima for growth and reproduction of a group of 

selected, unialgally cultivated Mediterranean algae. 

The majority of the algae investigated was isolated in the Gulf of 

Thessaloniki, from January to May 1986. The remaining species were obtained by 

courtesy of Prof. D. G. MUller (Konstanz) from his culture collection, and had 

originally been isolated near Villefranche, southern France. The algae were 

propagated in unialgal laboratory culture. For determination of the survival 

temperature the algal material was treated for two weeks in waterbaths 

equipped with thermostats, at intervals of 1°C in the critical temperature 

range. Growth and reproduction was followed in constant temperature rooms. 

The species tested belonged to the following groups of floristic elements: 

Atlantic, endemic or "Mediterranean", circumtropical, and cosmopolitan 

elements. 

The upper survival limit of species belonging to the Atlantic element 

ranged at 28-29°C {e.g. Porphyra leucosticta, Stictyosiphon soriferus, 

Kuckuckia spinosa). Choristocarpus tenellus, which is counted to the endemic 

or "Mediterranean" elements, survived 27°C as uppermost temperature, whereas 

Cystoseira barbata, belonging to the same group, survived 29°C {30°C and 

higher temperatures not tested in this case). Circumtropical species exhibited 

a strikingly higher uppermost survival temperature, i.e. 34°C (e.g. Gracilaria 

sp., Gracilaria dura). Upper survival temperatures for cosmopolitan species 

were 30°C in Colpomenia peregrina, 31°C in Bangia atropurpurea, and 32°C in 

Enteromorpha 1 i nza. 

Optimum temperatures for growth {i.e. >80% of maximal growth rates 

observed) were found in the range 15-25°C for most of the warm-temperate 

species, whereas species with tropical affinities ranged at 25-30°C. 

Temperature optima for reproduction were observed to follow rather closely the 

growth optima. 
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Environmental parameters exhibit pronounced Ui:tl.uenoes on 'the chemi

cal composition o! seaweeds. Organic pollutants, excess nutrients and 

heavy -tale dissolved in the sea alter the metabolic processes and 

hence the chemical composition o! marine plants (Munda,l974,1982). 

With this in mind the protein and mannitol content o! some common 

brown algae -s studied .. The algae were collected in differently pol

l~i;ed habitats. tlhe protein content of some common red and green algae 

-~~ studied eimultaneousl;y. Results indicated relativel;y high protein and 

mannitol contents in Pucus rtrsoides , which -a found only in relativel;y 

unpolluted si tee. Observations carried out on Czstoseira species ( ££. 
cRaRE!.!!,!. and C, stric ta ) have revealed a general trend of increased 

protein and decreased mannitol content under un!ayourable growth condi

tions, such as pollution impact o~· condi tiona in rock-pools.Brown algae , 

other than fucoids were collected in polluted eitea near the Rortnj hollpi

tal and Lone B a7 i.,e. site11 where fucoids were absent. Theil• 11ample11 re

vealed a rather high protein content , whereas the mannitol content -a 
low, with exception of Punctaria lati!olia and Dictyopteris membranacea. 

In the red algae, collected in the unpolluted Pabor11a Be;y, the protein 

content -• high.The highest value -s found for Catenella cae11pito11a, 

which grows under- stress conditions in the leYel of the littoral ft-inge. 

Jlo11t o! the red algae- ayoid. heartl;y polluted habitats, with exception of 

Gelidium spinuloel!ll• which -If prolific near the Rovinj hoepi tal, 

Among the green algae the highest protein content -s found in Cladophora 

ruchingeri of. !rom a heartly polluted site. 

Protein and mannitol content (g/100 g dry weight) in seaweeds from Rovinj. 
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C;ystoaeira compreaaa- o-!'aboraa 
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Catenella oaeapitosa - Sturago 20,6 
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Ulva rigida-
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Munda,I.M. 1974.The Ef:teot of Polluted Water on the Aeaimilation Rate ot 

ihe Brown Algae Asoophyllum nodosua (L,) Le Jol .. and Puous Yeaiou.-

1.2§!!!. L. ReY.Int,Ooean. Ked.,34t. 53-66. 

Munda,I.M.,l982.The effect o! different pollutanta on benthic aarine 
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lvka M. MUNDA 

Biological Institute, Slovene Academy of Science and Arts, Ljubljana (Yugoslavia) 

In the heavily polluted area around Pira~northern t_driatic,the ben

thic algal vegetation was impoverished both in terms o:t biomass and floris

tic di verei ty.Different algal associations were found if comparisons with 

less polluted areas were drawn. 

Sampling was carried out monthly between February and November 1n 

the rocky euli ttoral and subli ttorally at depths lm, 3m and 7m. The 

substratum is flysch and limestone and locally concrete walls. Bellow 7m 

the elopes are sandy and bare of macroalgae. The tidal range is in 

averae:e 95 em. Temperature minima were found in February at all depths 

and maxima in August, with a range from 7.9°C to 25.5°C at the surface. 

During February and March the temperature increases with depth. The opo

si te was found from April to October. The surface salinity ranged from 

34.6 %o to 37,8 %o , with a minimum in June and increase towards aut"imn 

and winter. Saliaity values increased notably with depth between February 

end April.This increase waf" less conspicuous during summer and even less 

in autUI!lJ;l• 

The benthic algal vegetation of this area is exposed to a combination 

of environmental etresees.In the eulittor~l perennial settlements of the 

endemic l'ucus virsoides (Don •. ). J...,Ag. were rare.Spring annuals dominated 

at this level(Scytosiphon lomentaria (Lyngb.) Link. ,Bangia stropurpurea 

(Roth. )c.Ag., Porphyra leucosticta Thur.,~ spp.) along with mats of 

diverse green algae,which appeared during the year in several subsequent 

generations ( Ul va rig ida C .Ag., Blidingia minima (Nil.g. ex Kt!tz. )Kylin, Ente

~ epp, ~ spp.) ,Locally turf-like m~ts of diverse Gelidium 

and Gelidiella species were· conspicuous. At this level the biomass was 

low with a maximum in April , which coincided with the highest species di

versity. Biomass values ranged between 4o and 612 g per m2 during the 

seasons. 

In the sublittoral Cystoaeira species were association-forming and 

dominated 1n the biomass ( C. barbata(Good.et Wood. )J!,Ag. and C, compreesa 

(Esper)Gerloff et Nizamuddin at the upper levels and c. crinita(Desf,)Bory 

and C. corniculaia ( Wulf.) Zanard. ex Hauck between 3 m and 7 ur· ) • aeasonal 

varia tiona in biomass were mainly due to the growth, fruiting and partial 

decay of the Cyatoseira thalli and their epiphytic cover, Dense settlemenis 

o! Dictyota dichotoma(Huds.) ram. ,llalopteris scoparia (L.) Sauv. and Halo

pity& incurvus (Huds.)Batt, were characteristic for this area. seasonal varia

tions in biomass and floristic diversity were also due to the appearance 

and disappearance of diverse tiny Ceramiaceae (e.g. Antithamnion plumula{Ellis) 

Thull., A. tenuissimum(Hauck)Schiffner , Calli the.mnion corymbosum(Smi th)Lyngb., 

Ceramium tenuissimum (Lyngb.)J.Ag.,c. gracillimum (Griff.ex Harvey)G. Feld

mann,G. codii(Richards)G.Feldmann, c. die.phanum (Roth)Harvey, c. rubrum (Huds.) 

C,Ag.l'leonosporium borreri (Smi th)Nil.g. ,~amnion pluma(Dillw, )Thur.~Spez

mothamnion flabella tum Born., Griffi thsia spp., Compsothamnion thuyoides (Smith) 

Nll.g., Spyridia filamentosa(Wulf. )Harvey )1 elong with diverse Polysiphonia 

species and considerable quanti ties of Ni tophyllum punctatUIIl(Stackh, )GreT. 

These species were prcHific in the upper water layers during spring. Padina pa
vonica(L-.) Lamouroux;Laurencia obtusa (lluds.)Lam. and Wrangelia penicillata C. 

Ag. were outstanding in summer. The algal biomass was highest between 1 m 

end 3 m depth. At 1 m depth the maximum biomass was :Pound in April, whereas it 

was transfered to June at 3 m and 7 m, Pronounced seasonal variations in bio

mass and :floristic diversity were found between 1m and 3 m depth. Biomass 

values ranged from 31io to 4200 g per m2 at 1m and from 480 to 6000 g per 

m2 at 3m. The number of species of these intermediate depths waw notably 

higher than in the eulittoral, At 1 m peaks in species diversity were obser

ved in April and October; and in April and June/July at 3 m. 

Further species which contributed to the algal biomass in notRble 

quantities were Codium vermiu.ra (Olivi) Chiaje,Pterocladia capillacea (Gmel.) 

Born .et Thur.,Jania rubens (L.)ram.,Cladophora rup.,E:tris (L.)Ktttz .. and 

locally Coralline officinalie L, At 7 m the :floristic compoei tion was 

changed and seasonal variations 1n biomass and the number of species lees 

conspicuous. Zanardinia prototypua Nardo 1 l?eyssnnelia squamaria ( Gmel. )Decne, · 

Li thothamnion spp. ,Peeudoli thophyllum expansum (Phil. )Lemoine: were conspicuous 

at this depth Rnd were joined by some tropic floristic elements (e.g. Hali

meda tuna (Ellis et Sol. )ram., Udotea petiolate (Turra) Borgeeen,Anadyoneme 

~a (Wulf.)C.Ag,). 

It is notrworthy that the spring maximum in biomees o:t the upper water 

layers was due to spring annuals , whereas it was transf'ered to June at 

3 m and 7 m depth mainly on account of the fully grown Cystoseira thalli. 

At 7 m depth cunditions are more stable and crustose :floristic elements 

dominate in th'! vegetation. By this reason seasonal variations in biomass 

S'lC :floristic diversity were inconspicuous at this depth. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 
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Nouvelles donnees blogeographlques 
sur 49 especes recoltees au Maroc 

G. BITAR 

Universite Libanaise, Faculte des Sciences, 
Departement des Sciences Naturelles, Beyrouth (Liban) 

Dans le cadre de la bionomie benthique, de l'ecologie et 
de l 1 impact de la pollution sur la dynamique des peuplements 
littoraux des cotes atlantiques et mediterraneennes du Maroc, 
precede a l'etude qualitative et quantitative de plu-

sieurs peuplements appartenant a quatre types de biotopes: bio
cenose des algues photophiles (Corallines, Moulieres, Cysto
seires,Asparagopsis armata et Pyura stolonifera), herbier de 
Cymodocea nodosa, biotopes portuaires et biocenose Corall~ene 
(BITAR,1984,1987;MONNIOT et BITAR,1983).Ces peuplements sere
partissent sur une vingtaine de stations (voir localites in 
BITAR,1987). 

La faune totale recoltee et identifiee compte 646 es-
peces dont 197 sont nouvelles ou tres mal connues au Maroc • 
Parmi ces especes, 49 sont trouvees en dehors de leurs loca
lites reconnues jusqu 1 a present. Elles sont classees en sept 
groupes selon leurs origines et leurs localites dans nos recoltes. 

1- Treize especes endemiques mediterraneennes trouvees dans 
le Detroit et (ou) en Atlantique: 

Spongia ires :(Cram be crambe+ ,Ap lysina cavernico la+): 
Cnidaires :(Eudendrium motzkossowskae+, Synthecium tubu
losum+,Sertularia perpusilla+,Astroides calycularis). 
Nematode: (Thoracostoma montredonense+). 
Bryozoaire:(Haplopoma bimucronatum+). 
Crustaces: (Atylus massiliensis+, Lissa chiragra). 
Ascidies:(Phallusia fumigata~,Halocynthia papillosa+, 
Molgula bleizi gravellophila+). 

2- Treize especes du nord-est atlantique trouvees au Maroc en 

Alantique et (ou) dans le Detroit et (ou) en Mediterrannee: 
Cnidai res: (Ectop leura dumortierii, Eudendrium capil-l:are+, 
O~thopyxis caliculata+,Kirchenpaueria pinnata,Diphasia 
p~naster+,Eunicella gazella+,Lophogorgia sarmentosa). 
Mollusque:(Littorina saxatilis). 
Amphipodes:(Amphithoe rubricata+,Aora spinicornis+). 
Asc idie s: (Sidnyum argus+, S. e legans+, Sto lonica so cia lis+). 

3- Douze especes presentes au nord-est de l 1 Atlantique et en 
Med~terra'nee trouvees au Maroc en Atlantique et (ou) au De
trol.t: 

Spongiaire~:(Clathrina clathrus+,Cliona celata+,Ulosa 
stuposa+,D~ctyonella incisa+,Haliclona mediterranea Pe
trosia ficiformis+, Spongia nitens+ ,'lrcinia fascii'fUl~a-r J. 

Bry?zoaires:(Callopora dumerilli, Escharina vulgaris+). 
Echl.nodermes:(Ophidiaster ~phidianus+(espece nouvelle 
pour le Maroc mais existant aussi en Atlantique depuis 
le Portugal jusqu 1 a Sainte Helene ) • 
Poisson: (Ophisurus <Jerpens). 

4- Sept especes subtropicales (ouest africaines)trouvees 
Detroit et (ou) en Mediterranee: 

M~llusque~:(Patella nigra, Littorina punctata,Siphona
r~a alges~rae, Modiolus stultorum). 
Ascidies:(Distaplia bermudensis+,Polycarpa goreensis+, 
P. pomaria+). 

5- Un~ espece d
1
Afrique du sud (Mozambique) trouvee au Maroc 

pres de 1 1 ent~ee du Detroit (Ras Achaccar): 
Asci die: (Pyura stolonifera). 

6- Une espece signalee par AMOUREUX en 1976 a Cap Spartel et 
trouvee dans nos recoltes pres de l 1 entree de la Mediter
rannee: 

Polychete:(Nereis maroccensis). 

7- Deux especes exotiques importees trouvees au Detroit et 
(ou) en Mediterranee: 

Polychete:(Spirorbis marioni). 
Ascidie~Styella plicata+). 

Bibliographie 
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+ Espece neuvelle pour le Maroc. 
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Afflnlte qualitative des peuplements superficiels 
de Ia blocenose des Algues photophlles du Maroc 

avec ceux des dlfferents secteurs 
de Ia Medlterranee et de !'Atlantique 

G. BITAR 

Universite Libanaise, Faculte des Sciences, 
Departement des Sciences Naturelles, Beyrouth (Liban) 

La taune des peuplement:s infralittoraux superieurs ayant ete etudie par plu
sieurs auteurs aussi bien en M€diterran€e qu' en Atlantique, il est int€ressant de 
voir les assinites des memes peuplements installes dans differentes localites geo
graphiques ou les masses d 1 eaux ont des caracteristiques contrastes ( temperees, 

fro ides et chaudes). Pour cela cous avons compare nos resultats du Maroc (BITAR, 
1987) avec ceux de SOURIE (1954) a Dakar (Senegal), SALDANHA (1974) et MARQUES et 
aL. (1982) dans deux localites des cotes atlantiques du Portugal: cotes d 'Arrabi

da et celles situees entre Cap Carvoeiro et le nord de la lagune d 1 Obidos, BALLAN 
-SANTINI (1963) en Manche (France), BITAR (1980) a Marseille (France) et KOCATAS 

(1978) a Izmir (Turquie). L 1 Indice d 1 affinite calcule est celui de JACCARD 

(J- Nab ) ; qui est un indice de parente qualitative exprime en % (Nab est le 

(Na+Nb)Nab 
nombre d 1 especes communes aux peuplements a et b; Na et Nb representent respecti

vement le nombre d 1 especes des peuplements a et b). 
Nous considererons cette comparaison cotmne purement indicar.ive, conscient des 

differences qui existent entre les travaux compares et dont, les principales sont: 

- Date a laquelle les travaux ont ete faits et impact que eel a peut avoir sur 

le niveau de determination de certains groupes zoologiques qui ont pu subir d 1 im

portantes rev is ions. 
- Nornbre de peuplements etudies, methode de recolte, surface pre levee. 
- Conditions locales de 1 1 etude; celles-ci n I etant pas homogenes et pouvant 

rneme etre tres differentes en dehors de la seule situation geographique. 
La richesse specifique est plus importante en Atlantique (Tab. 1) et precise

ment au Senegal (386 especes) ou sur les Cotes d 1 Arrabida (363 especes) par rapport 
e la Mediterranee. Toutefois, le Maroc s 1 est montre le plus riche avec 401 especes 
recensees dans les peuplements de la biqcenose des algues photophiles en question. 

Ceci est tout a fait normal, tenant compte d 1 une part de 1~ situation geographique 
privil€gi€e du Maroc, oii se rencontrent des masses d' eaux d 'origines diverses, et 

de l'arrivee d'especes exotiques par les transports maritimes d'autre part. En con 
Sequence 1 deS especeS boreales 1 SUbtropicaleS et tempereeS S I Y Ont installeeS (Bi= 
TAR, 1987). Ces especes sont pour la plupart nouvelles, pour le Maroc, et signalees 

pour la premiere fois en dehors de leurs limites de sistribution reconnues jusqu 1 a 
present (BITAR, 1988). 

En ce qui concerne leur affinite, les peuplements de la Mediterranee nord-occi 
dentale (region de Marseille) presentent les plus grand degre d 1 affinite avec ceux

du Maroc (24%) (Tab. 1); ils sont sui vis par ceux de la cote d 'Arrabida de Portugal 
avec 21%. 

D 1 apres les valeurs d 1 affinites ainsi enregistrees on remarque des gradients 

d 1 affinite croissants dans la meme direction vers le Maroc, aussi bien en Mediter
ranee quI en Atlantique. 

Tab. 1 - Degre d 1 affinite des peuplements du Maroc avec ceux des differents 
secteurs de la Mediterranee et de l 'Atlantique. CM ou CE: Coralli
na medi terranea ( = C. elongata); CO: C. officina lis; MG: My til us 
gaUoprovincialis; ME: M. edulis; CT: Cystoseira tamariscifolia; 
CG: C. granulata; CS: C. stricta; BB: Bifurcaria bifurcata; AR: A
sparagopsis armata. 

Peuplements Surface (cm 2 ) R1chesse Especes Aff1n1te(%Javec 
e t ud ie s /prelevement specifique communes le Maroc 

Senegal Faune inter- Recol tes qua-
386 84 12 ( SOURIE) cotidale litatives 

Portugal 
GM-MG-AR 25X25 363 134 21 (SALDANHA) 

Portugal 
CE-MG-

(MARQUES 
CT+BB 

25X25 135 7 1 15 
et al.) 

Manche- Fm n ce 
(BELLAN- CO-ME-CG 20x20 90 49 11 
SANTINI) 

Marseille 
CM-MG-CS 2QX2Q 240 124 24 (BITAR) 

TURQUIE 
CM-MG 2QX2Q 217 94 18 

(KOCATAS) 
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Varlablllte de l'abondance des cellules a tanln 

dans les ecallles de posidonia oceanica 

Christine PERGENT 

Laboratoire d'Ecologie du Benthos et de Biologie Vegetale Marine, 
Faculte des Sciences de Luminy, Universite d'Aix-Marseille II, 13288 Marseille Cedex 9 (France) 

Les ecailles {petioles perslstants), mserees le long des rhizomes de Posidonia 
oceanica (Llnnaeus) Del1le, presentent des variations cycliques de leur epaisseur, en 
ronctlon de leur rang d'lnsert!on. Des travaux recents (PERGENT, 1987) ant montre 
!'existence d'une correlation entre ces cycles d'epaisseur et les tluctuatlons de certains 
parametres anatomiques : {i) nombre de couches de cellules de certains tissus 
(sclerenchyme, parenchyme), (11) tonne ou aspect des cellules du sclerenchyme ventral et 
du parenchyme mesophylle, (111) presence d'flots de sclerenchyme dorsal, (lv) nombre de 
"cellules a tanin". Seul ce dernler parametre sera prls en compte lei. 

RJW:x:.rn 
D. !lb. o::t~Ples r 
0 106 0.55 
1 105 0.60 M 
2 104 0.24 
3 103 -{).18 
4 102 ...0.54 
5 101 ...0.62 
6 100 ...0.43 
7 99 0.06 
8 98 o.so 
9 97 0.58 M 

10 96 0.24 

Rbi:rae ll"lS 
Nb.CXQPles r 

74 0.42 
73 0.52 M 
72 0.30 
71 ...0.02 
70 ...0.25 
69 ...0.23 
68 -o.os 
67 0.20 
66 0.43 M 
65 0.31 
64 0.14 

L'estimatlon du nombre de "cellules a 
tanln" a ete errectuee sur les ecall!es d'une 
quarantalne de rhizomes orthotropes, preleves 
a Port-Cros, en janvier 1982, a d!fferentes 
profondeurs (- 0.5 a - 23 m). Les "cellules 
a tanln" sont denombrees sur 1000 urn de 
large. dans la partie mediane de coupes 
transversales effectuees a 10 - 12 mm de !a 
base des ecailles; leur abondance est codlflee 
selon une echelle variant de 0 a 1. Cette 
etude lalsse apparaftre de grandes variations 
dans la distribution des "cellules a tanin" 
d'un rhizome a !'autre, au sein d'une meme 
station. Totalement absentes dans les 
ecallles de certains rhizomes, elles sont bien 
representees chez d'autres (jusqu'a 42 
eca!lles sur 106). Lorsqu'elles sont 
presentent, deux facteurs semblent intluencer 
leur repartition : 

- L'epaisseur des eca1lles : 
l'emplo! de correlations cro!sees 
montre qu'll existe une forte Cellules a tanin 

0. 

-15m ;V;7m ""'* 
9 :'\ -3m 

h:v:.). 

correlation entre les cycles 
d'epaisseur des ecailles et les 
cycles de repartition des "cellules 
a tanin", et que ces dern!ers sont 
en phase (Tableau 1). 

- L'age des cycles : le nombre 
moyen de •cellules a tan!n" 
augmente lorsque !'age des cycles 
croft, c'est a dire en s'eloignant de 
!'apex vegetatlf (Figure 1). Cette 

0.1 

Cf~~--- 1;• \'fl. ;'i' -O.Sm 

.--·7,/,::1 \ ,/ Annee 

Fi4',l[e l : Evaluatial de 1' abclldaDce Qes "cellul.es a 
~-c:s~ax:tial de l'amee dmw diffmntes statials 

Celluies a tanln 

Fi4',l[e 2 : Variatioo de 1' almdaDce des "cellules a 
tanin" en fax:tial de 1' azmee dans trois statiCIIS w:r-=. ~ ~~ .~~.~~ ~ 
!IM!lmXDt, 1986) - -

repartition a pu etre veritiee sur 
!'ensemble des stations de l'fle de 
Port-Cros. De plus, !'analyse d'e
chantillons recoltes a proximlte du 
rejet en mer de l'emlssaire de 
Marsellle, sur le plateau des 
Chevres (MARCHADOUR, 1986, et 
examen de donnees ined!tes). 
semble traduire une evolution 
simlla!re, ce qui conf!rmeralt 
!'action de ce facteur. 

Dans ce dernler secteur, un 
autre racteur paraft interven!r 
dans la distribution des "cellules 
a tanin". En effet, a profondeur 
egale, l'abondance des "cellules a 
tanin" dans les ecallles d!minue 
avec Ia pollution; c'est dans les 
stations les plus proches de 
l'em!ssaire que l'on en trouve en 
abondance (Figure 2). 

Les "cellules a tanln", m!ses 
en evidence par PHOUPHAS (1962), 
sont en fait des cellules a phenol 
riches en aclde ch!corique 
(CARIELLO et al., 1979). Ces 
cellules pourra!ent jouer un role 
repuls!r vis a vis des herbivores, 
et traduire une activlte 
metabollque Intense (CARIELLO et 
ZANETTI, 1979). Les variations, au 
cours de l'annee, de l'abondance 
des "cellules a tan!n" pourraient 
done tradu!re des fluctuations 
paralleles du metabollsme de Ia 
plante. 

La decro!ssance generale du nombre de •cellules a tanin", de la base vers !'apex 
d'un rhizome orthotrope, pourrait mater!aliser le v!elll!ssement du point vegetatif. 
Toute!ols, atln d'exclure une action eventuelle des conditions du mil!eu (Cluctuat!on a 
long tenne liee aux parametres de l'env!ronnement). 11 conviendrait d'etud!er des 
rhizomes orthotropes dont la base (raccord avec un rhizome plag!otrope} est connue. 

L'augmentation du nombre de •cellules a tanln" dans un site pollue, si elle se 
conflrmait, pourralt constituer un !ndicateur prec!eux du taux de pollution global dans 
le milieu. 

Du fait du caractere prellminaire de cette etude, les hypotheses avancees doivent· 
etre considerees avec la plus extr~me prudence. Notre principal object!! est avant tout, 
lei, d'att!rer !'attention sur les fluctuations d'un parametre dont !'etude pourrait se 
reveler tres prometteuae (metabolisme, conditions du mil1eul. 
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B-110 
Actual state of the lepidochronological analysis 

in Posidonia oceanica 

Gerard PERGENT and Christine PERGENT 

Laboratoire d'Ecologie du Benthos et de Biologie Vegetate Marine. 
Faculte des Sciences de Luminy, Universite d'Aix-Marseille II, 13288 Marseille Cetiex 9 (France) 

The term lepidochronology regroups the study of cyclic variations In the thickness 
of the scales (persisting petiole), present along the Posidonia oceanica rhizomes and 
the main related phenomena (PERGENT tl..._&, 1983; BOUDOURESQUE tl..._&, 1983). Since 
Its discovery (CROUZET, 1981), this method of Investigation has much improved. Recent 
research has Improved the knowledge of significance and origin of these cycles. 

The analysis of a great number or rhizomes (around 4000) has led firstly to the 
establishment of a standardized approach or the phenomenon and secondly to the 
definition of the application area of this method. 

Scales are detached from the rhizome, according to their insertion rank, from the 
older (toward the basel to the more recent (toward the living leaves). For each scale, 
the thickness Is determlnated by using cross sections that are always localized at 1 o-
12 mm above the base or the scale. This cross section Is measured under a microscope 
with ocular micrometer. Some anatomical characters are also observed (number and 
aspect of cells, particular tissues). 

Thickness 
<pm) 

30 September 1981 26 October 1981 

These variation cycles of the 
scale thickness, are observed on 
all the rhizomes studied 
(orthotrop!c and plag!otroplc). The 
great number or studied localities 
(Port-eros and Banyuls-sur-Mer In 
France, Izmir in Turkey, 
Kerkennah and Zembra islands in 
Tunisia), the large gathering 
period (April 1981 to January 
1987), and depth (- 0.5 m to -

Thickness 
<pm) 

A 

32 ml range, attest to the 
universal character of these 
cycles for Posidonia oceanica In 
the Mediterranean Sea. 

13 January 1982 19 February 1982 
The evolution, along the 

time, or the thickness or the last 
formed scale, shows two periods, 
up line and down line period. 
There are two "Inversion points• 
during a year and tor a same site, 
these "inversion points• occurred 
every year at the same date 
(Figure 1). That demonstrates the 
chronological significance of 
cycles, each cycle corresponding to 
a one year period. The term 
"lep!dochronological year" is used 
to define the period of passing 
time between two minima 
inversions (Table I). 

~.f\ 
B 

01L..o.-:10:!::-'-......._'-!-._._~ .. Rank 
10 

Rank 

Sites Inversioo 
date 

of llinima 

P1 ~~ P2 
Pll June 
P23 July 
P3l July 

Bl !larch 
82 !lay 
812 June 
819 June 

Lepidocbrmologiru 
:year 1985 

January 85 - January 86 
February 85 - February 86 

June 85 - June 86 
July 85 - July 86 
July 85 - July 86 

!larch 85 - !larch 86 
llay85-llay86 

June 85 - June 86 
June 85 - June 86 

The different parameters characteri
zing these cycles have been submitted to 
modulations having either an endogenous 
(rhizome) or an exogenous (water movement, 
l!ght, temperature) origin. 

The amp!!tude and the mean 
thickness of scales increase when depth 
and hydrodynam!sm grow. In superficial 
sites, the scale thickness also seems Influ
enced by the temperature of surface water. 

.. 
~~: ~~~ of.~es muu: 
different sitl!S of Port-eros lcf> and E.,,~ 
sur-fler (B). NIIDbers (1, 2, 11, 12, 19';2~~ 
32) reffer to the depth (in ~~eters). 

The period (number of scale per 
cycle) corresponds to the number of shed 
leaves, during one year. Increase of water 
depth and turbidity result in a reduction or 
the cycle period. 

Thickness 
(pm): • 

500 1970 1975 1980 

The rluctuatlons observed in 
scale thickness, along the rhizomes, 
originate In the variation or the 

Temperature number or dorsal sclerenchyma cells 
('C) : * or parenchyma cells, and In the 

shape of the ventral sclerenchyma 

;* 
l v 

1 85 

16 

15 

14 

cells (more or less pallsad!c) and 
the shape of parenchyma cells 
("squashed" cells). 

LEPIDOCHRONOLOG!CAL YEARS 

Along rhizomes showing a large 
number or annual cycles. cycle 
periodicity longer than one year and 
of undetermined origin may appear. 
In a same site, particular 
modulations may appear on 
synchronous cycles (formed during 
the same year). Although it seems 
too early to speak or characteristic 
years, a signlflcative correlation 
between mean air temperature and 
mean scale thickness has been 
observed In superficial sites for the 
year following the presumed causal 
phenomenon (Figure 2). 

FiQUre 2 : Evolutioo of mean air talplrature and mean 
scale thiclmess in a BUPerficial s1te of Port-eros 
island. 

Even if these results allow important appllcatlons, the lep!dochronologlcal analysis 
appears to be quite powerful and could be useful to develop deallng with Posidonia 
oceanica beds investigations. ---
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B-Ill 
Cau!erpa prollfera (Forsskal) Lamouroux growth dynamics 

In the Mar Menor Lagoon (SE Spain). First results 

J. TERRADOS* and J.D. ROS .. 

• Departamento de Biologia Animal y Ecologia, Universidad de Murcia · 
Campus Espinardo, Murcia (Spain) 

•• Departamento d'Ecologia, Universitat de Barcelona, Avgda Diagonal 645, 
08028 Barcelona (Spain) 

INTRODUCTI~~e M.ar Menor is: a 135 km2 hypersaline coast-al lagoon 
locat-ed on t-he SE Spanish coast-. It-s: average dept-h is: about- 3-4 m, 
reaching 7 m at- some places:. Cav.lerpa prolifera is: t-he main 
macrophyt.obent-hic producer in t-he lagoon, !'arming meadows: which 
cover more t~han 85 % of' bot-t-om s:urf'ace. Thus:, knowledge of' growt-h 
dynamics: and product-ion of' t-his: s:t-oloni:ferous: green algae is: 
es:s:ent-ial in t-he underst-anding o:f lagoon product-ion. 

First- dat-a on annual biomass: evolut-ion and primary 
product-ion have been report-ed recent-ly C BALLESTER, 1985; 
TERRADOS, 1986 ). Ongoing invest-igat-ions: f'irs:t- result-s: 
present-ed in t-his: work. 

MATERIAL AND METHODS 
A sampling s:t-at-ion in t-he nort-h basin was: select-ed 

:first-ly C ST1 ). Because o:f dif':ferent- meadow growt-h pat-t-ern, 
anot-her sampling s:t-at-ion C ST2 ) was: chosen not- f'ar f'rom t-he 
f'ormer. Samples: C n = 4 ) were obt-ained mont-hly wit-h a Van Veen 
grab, being washed aboard using a . 5 mm sieve. Mt-er drying 
t-he mat-erial at- 105_

2
c f'or 24 h in a s:t-ove, macrophyt.e biomass: was: 

expressed as g dw m . In order t-o know meadows st.ruct-ure, changes 
in number, biomass and dimensions of' dif'f'erent meadow elements: C 
st-olons:, primary f'ronds:, prolif'erous: primary f'ronds:, ... ) 
recorded similarly t-o MEINESZ C 1979). 

SoURCE TB <TBIMBHOO CEBITBHOO CPPFIPFHOO CPRIPPFllOO PFl 

G IJW M-2 MM 

IJ9.2 - 11J9.1 31.8 - 100 

25.6- 133.5 19.2 - 100 

87.2 - 223.2 39.1 - 100 23.5- 53.1 28.5 - 50.0 166 - 317 3.1- 5.3 

0.0 - 156.7 0.0 - 100 13.2 - 24.3 14.3 - 95.8 92 - 263 3.8 - 15.6 

77.0- 157.0 49.1 - 100 23.9 - 52.1 26.6- 57.9 104 - 183 2.8- 4.9 

SoURCE : 1. TERRADOS. 1986 : 2. f'EHI£SZ. 1979 : 3. THIS WORK, STl : 4, THIS WORK, ST2 ' 

TB , MEADOW BIOMASS : MB , ANNUAL MAXIMUM BIOMASS : EB , STOLON BIOMASS : f'F , PRIMARY FRONDS 

NUMBER : f'PF , PROL!FEROUS PRIMARY FRONDS NUMBER : flR , NUMBER OF PROLIFERATIONS.; f'Fl , 

MEAN PR !MARY FRONDS LENGTH , 

RESULTS 
Annual biomass: maxima reached in t-he M.ar Menor are 

clearly smaller than t-he one :found by MEINESZ ~2 1979) in Crouton C 
Alpes maritimes: - France ): 157 vs: 223 g dw m . These maxima are 
reached in autumn in bot-h areas. Annual minima. however, show a 
greater variat-ion, being reached bet-ween t-he end of' spring and t-he 
beginning of' summer. 

In most of' lagoon sampling st-ations studied, percentages 
of' annual biomass change are bigger t-han in Crouton C see t-able ). 

One of' t-he dredging stations C ST1 ) shows a complete 
decay of' meadow biomass during 4 months, a f'act not reported in 
the M.ar Menor till now. AUGIER & ROBERT C 1981) relate these 
decays wit-h winter water temperatures colder t-han 12 C. Alt-hough 
Mar Menor water temperature in the coldest months may be about 8-9 

C, decays are not round or they are restricted to certain areas. 
Stolons constitut-e a meadow element of' similar 

importance in ST2 and Crouton C 23.9-52.1 % and 23.5-53.1 %, 
respectively ). However, its maximun development is not- reached at 
t-he same t-ime : april in ST2, july in Crouton. stolons are a less 
important f'raction of'• C.prolifera meadow in ST1 C 13.2-23.2 % ), 
without distinct- maxima. 

Prolif'erous primary f'rond f'requencies are bigger in t-he 
Mar Menor t-han in Crout-on C table ). On t-he ot-her hand, number of' 
prolif'erations is smaller in M.ar Menor sampling stations t-han in 
Crouton. 

Primay f'ronds are larger and longer in ST1 than in ST2. 
Frond lengths are similar in ST2 and Crouton. These dif'f'erences 
may be related with dif'f'erent ligt environments. 
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B-I12 
Note sur !'Inflorescence de 

posidonia oceanica (L.) Dellle (Potamogetonaceae) 

P. PANA YOTIDIS etA. LIAPI 

Centre National de Recherches Marines, Aghios Kosmas, 16604 Hellinikon (Gr~ce) 

ABSTRACT 
Flowers of ~oceanica sampled from Saronikos Gulf, Greece, 

(37 44'N, 23 23'E) have been examined and compared with other 
relative data. The results do not support the hypothesis of the 
existence of different varieties within the species ~ oceanica. 

INTRODUCTION 
Une floraison de Posidonia oceanica (L.) Deli le, dans le 

Go1fe Saronikos en 1985 (Panayotidis ~ ~. sous presse) nous a 
permis d'apporter quelques 616ments sur la morphologie de l'in
florescence de la plante et de comparer nos resultats avec la 
description propos6e par Den Hartog, 1970 et les donn6es r6cents 
de Gay et Meinesz, 1984 et Pergent, 1987, provenant d'autres 
secteurs de la Mediterran6e. 

MATERIEL ET METHODES 
Deux lots de,faisceaux de~ oceanica portant des fleurs ont 

6t6 recolt6s en plong6e autonome le 1/11/85 et le 19/11/85, 
vers 5 m de profondeur. Le cite de pr6levement se trouve dans 
les parages de l'ilot M6topi, situ6 a 37 44'N, 23 23'E. Les deux 
lots comprenaient 33 et 30 faisceaux avec 266 et 280 fleurs 
respectivement. 

La ph6nologie des faisceaux a 6t6 6tudi6e suivant le proto
cole propos6 par Giraud, 1979. Pour la descrirtion des diff6rents 
616ments de l'inflorescence nous avons suivi la terminologie 
propos6e par Gay et Meinesz, 1984. 

RESULTATS ET DISCUSSION 
La position de la hampe florale (h. f.) a 6t6 examin6e dans 

les faisceaux de~ ~ recolt6s le 1/11/85. La h.f. se 
trouvait toujours en position centrale, entour6e par 3 feuilles 
intermediaires (de 14, 18 et 25 em de longueur) et 6 feuilles 
(de 27, 27, 40, 28, 24 et 24 em de longueur). Les diff6rances 
observ6es entre nos resultats et ceux de Gay et Meneisz, 1984 
sont, a notre avis, dues a la differante saison de pr6levement. 

Dans le lot de 1/11/85 le 1er, 2eme et 3eme 6pillet 6tait 
pr6sent au 100• des inflorescences, tandis que le 4eme 6pillet 
6tait pr6sent seulement au 9•. Par contre, dans le lot de 19/11/-
1985 seulement le 1er 6pillet 6tait present au 100% des inflore
scences, tandis que le 2eme le 3eme et le 4eme 6pillet 6taient 
pr6sents au 83•, 67% et 0% des inflorescences respectivement. 
L'ensemble des 6pillets que nous avons examin6s portaient 4 et 
tr66s rarement 5 fleurs, qui 6taient 80% a 90% hermafrodites et 
10% a 20% males. Ces resultats sont bien dans les marges donnees 
par Den Hartog, 1970 (1-4 6pillets pat epis, 3-5 fleurs par 6pil
let). Les differences observees entre les deux lots que nous 
avons examinee.s sont dOes, selon nous, au different stade de 
maturit6e de l'inflorescece. 

Les inflorescences du lot de 1/11/1985 presentait les cara-
ct6ristiques suivants (en rnm): 

-axe de l'inflorescence: 147.2 +/- 4.0 
-feuille axillante exterieur: 53.9 +/- 1 0 
-feuille axillante interieur: 32.8 +/- 0.8 
-1er epillet: axe 28.9 +/- 0.9 , bractees 24.2 +/- 0.6 , 

gynecee 6.1 +/- 0.2, 6.0 +1- 0.2, 5.4 +/- 0.2, 5.0 +/- o.o (au 
1er, 2eme, 3eme et 4eme fleur respectivement), androc6e 5.9 +/-
0.1, 5.5 +/-0.1, 4.7 +/- 0.1, 5.0 (au 1er, 2eme, 3eme et 4eme 
fleur respectivement). 

-2eme 6pillet: axe 25.0 +/- 0.6, bractees 18,6 +/- 0.7 
gynec6e 6.3 +/- 0.4, 6.1 +/- 0.2, 4.5 +/- 0.4 (au 1er, 2eme et 
3eme fleur respectivement), androcee 5.3 +/- 0.1, 5.2 +/- 0.1, 
4.9 +/- 1.0 (au 1er, 2eme et 3eme fleur respectivement). 

-3eme &pillet: axe 26.0 +/- 1.0, bracteees 23.0 +/- 0.9 gy
necee 6.2 +/- 0.1, 5.9 +/- 0.1, 5.5 +/- 0.3, 5.0 +/- o.o (au 
1er, 2eme, 3eme et 4eme fleur respectivement), androcee 5.6 +/-
0.1, 5.4 +/- 0.1, 4.6 +/- 0.1, 5.0 +/- 0.0 (au 1er, 2eme, 3eme et 
4eme fleur respectivement) 

-4eme epillet: axe 19.2 +/- 5.7, bractees 12,1 +/- 5.4 
gynecee 6.3 +/- 0.3, 6.0 +/- 0.0 (au 1er et 2eme fleur respecti
vement), androcee 5.6 +/- 0.3, 5.0 +/- 0.0, 4.0 +/- 0.0 {au 1er, 
2eme et 3eme fleur respectivement). 

Les caracteres mentionees ci-dessus ainsi que la taille de 
l'androce, du gynecee et des bractees des fleurs etudies 
sont compatibles a ceux decrites par les auteurs anterieurs, et 
ne supportent pas l'hypothese de l'existance de differentes va
riates de 1' espece e.._ ~. 
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B-113 
Classification and biogeographical affinities 

of marine algae In the Ionian Sea 

A. DIAPOUUS and Th. KOUSSOURIS 

National Centre for Marine Research, Aghios Kosmas, 16604 Athens (Greece) 

RESUME: La flore marine des cotes occidentales de la Grece a ete etudie 
dans le cadre d 'explorations scientifiques par Bory de Saint Vincent, 
1832, 1838 et Giaccone 1968. Tsekos et Haritonidis ( 1977) ont effectue 
une etude de la flare ma.t"ine des Iles de la mer Ioniene. Aussi sur les 
cotes occidentales de la Gr<we, Haritonidis et Tsekos (1978) ont etudie 
la flare marine sur 11 biotopes. Une recherche similaire a ete effectue 
dans le cadre du programme de 1· etude ecologique de la region sur 14 
stat ions 

Studies on the marine flora of the West Greek coasts have been 
occasionally conducted in the wake of more general exploratory and 
scientific expeditions (Bory de Saint Vincent 1832, 1838, Giaccone 
1988). Tsekos and Haritonidis (1977) have also contributed with 
relative research work on marine flora of the west coasts in 11 
biotopes. Similar researches are also encouraged by a general programm 
of N.C.H.R. (National Centre for Marine Research) concerning the marine 
ecological survey of the area and cover 14 stations (Fig. 1). 

Fig. 1. Hap of Greek West coasts 
showing the investigated 
localities. 

Systematic classification, geographi
cal as well as seasonal distribution 
of marine macrophyceae developinlf in 
photophile and sublittoral regions of 
hard substrates have been studied as 
regards the West Greek coasts. 
Apart from its systematic and phyto
geographical character this study 
also aims at the classification of 
marine plant taxa into ecololfical 
groups and biogeoaraphical elements. 
Samples were taken from an area of 
400 em and from depths ranainlf 
between 0.5 and 1m. All marine plant 
organisms were extracted by means of 
a hammer and chise 1 in the frame. 
Sample collection were done in 14 
stations along the coasts ·of West 
Peloponnese and central Greece in the 
summer. During sample determination, 
178 algal species were found belonl( 
to the following large systematic 
groups: 33 species to Phaeophyceae 

9 to Chlorophyceae, 25 to Bryopsido
phyceae and 109 to Rhodophyceae. 3 
Spermatophytes have also been defi
ned 

Having compared many phycological papers, we classified the defined 
algae to 7 biogeographical elements. Any alga, which due to luck of 
bibliography, could not take a place in some floristic element. 

In the region of our interest the ratio R/P=3. 30 shows its 
subtropical character. These results are in agreement with the study on 
the biogeographical affinity between species of the area where the 
largest number of them belongs to the ·Atlantic tropical, Atlantic 
subtropical and Hed i terranean chloristic element. 

Based on a good deal of papers, we were able to find the ecoloaical 
groups most of the determined algae belong to. Those which could not 
fall into an ecological group on account of 11issing evidence were 
considered as different. Seven ecological groups or supergroups have 
been observed to which species belong. 
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B-Ill 
Accumulation of fouling organisms relevant 

to the water conditions of Alexandria Eastern Harbour 

AK:la B. TADROS 

National Institute of Oceanography and Fisheries. Kaye! Bey, Alexandria (Egypt) 

Rate of accumulation of fouling organisms termed on PVC substrate immersed 
in Alexandria eastern harbour water were investigated during 1987 and the common 
fouling organisms present were recorded. Also, the relation between the fouling 
and hydrography of the water are discussed. 

Introduction: Little attention was given to the problems of the ecological 
conditions of marine fouling organisms in the water harbour since Megally ( 1970). 
The harbour receives huge amounts of untreated sewage and waste water through 
many outfalls, which change its water composition. The increase of oxidizable 
organic matter together with high temperature, salinity and nutrient salts over 
the year make the region favorable for the preponderance of fouling organisms. 

!1aterial and Methods: Twelve water samples were collected seasonally from four 
stations at the surface, l. 5 m and at the bottom during 1987. The parameter 
pH, temperature, transparency, oxidizable organic matter salinity, and the nut
rient salts: phosphate, nitrite, nitrate and ammonia were determined according 
to standard method of oceanography. The accumulation of fouling organisms was 
followed by panel exposure test: PVC panels were hanged in frames and immersed 
horizontally and vertically to 30 and 150 em below the water surface and the 
wet weight of fouling were recorded every one or two months according to the 
accumulation of organisms. 

Results and Discussion: The increase of bulk of the fouling depends on the 
rate of growth of the attached individuals which differ from species to species 
and is controlled by the temperature of water availability of suitable food, 
salinity, pollution and distance from shore. 

The oxidizable organic matter in the E. H. ranged between ( 1. 46-3.92 mg 0
2

11) 
during spring and reached an average of 1. 3 mg 0

2
11 during winter as a result 

of sewage pollution and self purification process (El-Awady and Ghanem 1975). 
The annual surface water temperature was 21. 9°C and ranged between a minimum of 
16.1 and maximum of 28.2°C. This condition is essential for growth of common 
components of fouling organisms as algae and tube worms which are present in 
the harbour water during most of the year. The average salinity 38%o enhances 
the presence of barnacles. Presented values of all nutrients exceed those in 
the open sea. They are of the basic links in the feeding chain of marine biota. 
An increase in nutrient quantities causes intensified biological production by 
which primary organic matter may be formed through photosynthesis and serves as 
food source of marine animal. Low nitrite and rather high ammonia values are 
indicative of their fast bioregeneration owing to the intensive primary pro
duction in these area. 

Table ( 1). Seasonal average value of different studied parameters in Alexandria 
eastern harbour (1987). 

Season Transparency Temp S%o Oxidizable erg. DO P04-p N03-N NOz-N NH 3-N 
oc matter mg Ozl-1 m 1021-l )Jg. at 1-1 

Winter 283 16.1 38.12 1.30 7.09 0.67 0.23 0.24 0.84 
Spring 188 23.3 38.05 1. 79 1. 79 0.88 0.55 0. 7l 6.42 
Summer 69 28.3 37.26 0.16 3.03 0.68 0.55 0.34 2.05 
Autumn 178 15.5 37.17 0.022 3.50 0.08 6.80 0.90 0.12 

Table ( 2). Common fouling organisms, settlement period and weight of accumulated 
organisms. 

Common fouling organisms 

Tube worms Barnacles Ascidians Bryozoans Algae 

Ul va lac t uca 
Enteromorpha 
compressa, 
Enteromorpha 
linza 

Ul va lac t uca 
Enteromorpha 
intestional is 

Ulva lactuca 

Bu3ula Ul va, Entero
neritina morpha linza 

Bugula 
neritina 

Bugula 
neri tina 

"H = horizontal plate, V = vertical plate 

Settlement Wet weight 
period mg/cm2/day 

H (V)* 

5.04.1987 4 
5.05.1987 

~.04.1987 86 (52) 
7.06.1987 

5.04.1987 41 (58) 
12.07.1987 

12.07.1987 (31) 
3.10.1987 

~.10.1987 (32) 
10.11.1987 

1Q.11.1987 (21) 
8.12.1987 

Only the identifiable plant and animal fouling organisms are mentioned in 
Table (2). The untreated sewage and waste water flow into the harbour cause the 
disappearance of ascidiansmost of the year. 

References: Mahmoud El-Awady and N .A. Ghanem (1975), "The physical and Chemical 
properties of Alexandria western harbour relevant to fouling and antifouling paints, 
MSC. J. Vol. 9 No 6 pp. 3-11. 

Megally A. H. (1970), M. Sc. Thesis, Faculty of Science, Alexandria Uni v. 
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B-II2 

Feeding habits on Arlsteus antennatus (Risso, 1816) 

J.E. CARTES and F. SARDA' 

lnstituto de Ciencias del Mar, Paseo Nacional sin, 08003 Barcelona (Spain) 

The continental slope in the Western Mediterranean, ranging in depth bet

ween 400 and 1700 m, supports shoals of penaeid decapod crustaceans, of 

which A. antennatus is one of the most abundant, holding out particular 

interest to fisheries. 

Its long-term fluctuations and local, seasonal migrations reflect a com

plex ecological behavioural pattern characterizing the benthic communities 

dwelling at those depths. The feeding habits and intraspecific competi-

tion in this species have been studied in an attempt to determine the cau

ses responsible for shoal movement. A comparative analysis of the diet of 

three main size classes has also been carried out, taking into account sex, 

season and moulting as factors exerting a possible influence on diet. Over

lap and resource partitioning are discussed using traditional methods, and 

dietary diversity has been evaluated. 

Analysis of stomach contents indicates that the diet consists chiefly of 

bivalves, macrurous crustaceans, polychaetes, amphipods and ophiuroids. The

se five taxonomic categories account for more than 50 % of the diet of this 

species. Results have been presented as percent frequency of occurrence and 

number of prey items. 

A. antennatus has been observed to prey upon the bottom-dwelling community, 

and there are significant differences in the composition of the diets of 

the various size classes, which exploit different resource levels, albeit 

with relatively high overlap. Larger individuals root deeper into the subs

tratum when feeding, whereas the activity of smaller males and females is 

confined to the surface layer of the substratum. There is a significant re

lationship between size class and the depth of foraging in the substratum 

but no relationship between size class and prey size. There is also a sig

nificant relationship between foraging depth and the pronounced sexual di

morphism present in this species. This is probably reflected in the inter

nal population structure and probably also plays a role in the local bathy

metric migrations taking place during the year. 

There exist significant differences in composition of the diet in the dif

ferent seasons, with a gradual decrease between spring and winter in the 

proportion of prey items. that live buried in the substratum. 

The moult cycle in these especies is much less pronounced than in other 

decapod crustaceans, and it does not seem to have any appreciable influen

ce on the diet. 

The study is basically intended as a contribution to our understanding of 

B-Il3 
An uncommon recruitment of A. antennatus (Risso) 

(Crustacea Decapoda Arlsteldae) In the Gulf of Genoa 

Udia ORSI REUNI and Giulio RELINI 

lstituto di Zoologia, Universit~. Genova (Italy) 

Resume: 

Durant 1 'annee 1987, un recrutement a completement modifie 1a structure du stock 
peche, qui €tait plus ou mains stable depuis quinze ans environ. Ce ph€nomene a r€ac
tua1ise d 'anciennes coutumes de peche et pose le prob1eme d' eventuel1es fluctuations 
pluridecennales parmi les populations d 'AI'isteus antennatus. 

The biology of Aristeus antennatus (Risso) (Crustacea Arist.eidae) is at present 
being studied in both Mediterranean and Atlantic countries which have s~ecific fi
sheries for this species and is being monitored by the CIESM Working Group on deep 
water shrimps (Sard8 1987). A cmmnon topic of particular interest is the structure 
of the fished stocks in terms of sex-ratio, sizes and maturity stages. Having obser 
ved an evident modification in the length/frequency distributions of the shrimps fi 
shed in the' Gulf of Genoa in sunnner 1987, we here give some details on this subject. 

Length.frequency distribution of the red shrimps living on bathyal bottoms at 
about 700 m on the Portofino area (Eastern Ligurian Riviera) have been recorded si~ 
ce 1972. In the trawl catches the females are invariably dominant and it is only on 
these (which generally constitute 90% of the total shrimps) that the comparison of 
sizes is based. From 1972 to 1980 in the Portofino area females were distributed in 
two main groups approximately separated by the carapace length of 50 mm. In terms 
of age this size was supposed to divide the shrimps of age 0+ to 1 from those of a
ge 1 to 2+ (Orsi Relini and Relini 1985). The second group was always more abundant 
that the first (two exemplas are shown in fig. 1). 

After sunnner 1980 the shrimps were absent on the same fishing grounds and fi
shing ceased. A recovery began in summer 1985 and the first catches of the recently 
reappeared shrimps were composed almost. totally of large-sized females (Orsi Relini 
and Relini 1986). The same structure (fig. 1) was recorded in summer 1986. Finally, 
in 1987 a large number of small females appeared in the catches (fig. 1). At the ti_ 
me of writing (March 1988) the small shrimps still represent an important fraction 
of the fished stock of this sector in the Gulf of Genoa. 

As a result of this new situation fishing activities have increased. Trawling 
for shrimps did not stop in December 'ls in the previous years (in the Seventies and 
at the recovery in 19-85 the fishing season lasted a maximum of six months) and du
ring the winter the shrimps were found in high concentrations on bottomS. daep only 
SOOm. In other words we are now facing a situation similar to that registered in the 
Forties by Brian (1942) in the same area; and it is also similar to the fishing ac
tivities recently observed on the Catalan Coast (Sardii and Demestre 1987) and in Por 
tuguese waters (Arrobas and Ribeiro-Cascalho 1987). -

Data recently collected by the Working Group showed that the shrimps fished in 
the Western Mediterranean increase in size from East to West; a similar gradient of 
sizes was found in the direction from South to North comparing catches in the Ita
lian seas (Orsi Relini and Relini 1979, 1987). The present massive recruitment on 
the Ligurian bottoms has at least eliminated the S-N differences (in terms of size
composition of the catches) while it would be of great interest to ascertain what 
is happening along the longitudinal gradient. 

In our area a spatial and temporal distribution of red shrimps comparable to 
the present one was to be found, as already noted, more than twenty years ago. If 
the size-composition of the catches then was the same as now (something which it is 
impossible to verify, as there is a lack of specific data in the literature), the 
population of A. antennatus is possibly subject to cyclical changes lasting several 
decades. A general trend of catches (consisting of a peak and a progressively redu 
cing series over a period of thirty years) has been registered independentli both
in the Gulf of Genoa on the basis of oral reports from fishermen (Orsi Relini and 
Relini 1985) and in the Spanish region of Tramontana on the basis of fishery stati
stics (Tobar and Sardii 1987). A parallel series of values was registered during a 
period of eighteen years for the red shrimps trawling of the Balearic Islands (Oli
ver 1983). 

In Spain a new rising phase apparently began in the eighties; it cannot be ex
cluded that this present recruitment in the Gulf of Genoa indicates the same phenome 
~- -

30% 

26 

food webs in the deeper regions on the continental slope. It brings to 22 
light the importance of the activity of deeper-water penaeids in the ba-

thyal communities in the region between the continental shelf and the aby- 18 
ssal zone and points up as yet unresolved issues for future research. 
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Fig. 1 - Length/frequency distributions of females forming the fished stock in Por
tofino area. The 1987 recruitment is evident. 
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Ecological spectrum of the Spiny Spider Crab (Mala squ!nado) 

Zdravko STEVCIC 
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RESUME' 

Dans cette communication le spectre ecologique du crabe Araignee de 

(Maya squinado) est considere. Ses limites de tolerance par rapport 

la temperature, la salinite, la profondeur, le substrat, la communaute 

et la nourriture sont analyses. 

Having carried out long-term autecological investigations of the spiny 

spider crab (Maja squinado) this is a good occasion to make out a syn

thesis of all results related to its environment in the ecological 

spectrum form. The ecological spectrum (according to Stankovic, 1962) 

includes an assemblage of all tolerance limits (niche breadth by 

American authors or ecological valence by European ones), i.e. ranges 

of ecological factors within which the species can exist. Each 

ecological valence includes "cardinal points of life" (Vouk, 1939), 

i.e. minimum, maximum and optimum. Knowledge of the ecological 

spectrum enables the understanding of the presence and spatial

temporal distribution of the species in a given environment. During 

the study of the spiny spider crab relationships of the following 

ecological factors were analyzed. 

Temperature. The spiny spider crab tolerates a temperature range be

tween 4 and 35 ·c (Stevcic, 1971). It is also an eurythermic species. 

Judging from distribution and maximal density near the northern bound

aries of its area (Channel Islands, west Istrian coast), as well as 

opposite trends between migrations and temperature (Stevcic, 1973), it 

can be concluded that it is a microeurythermic species, i.e. its op

timum lies in colder waters. 

Salinity. Physiological studies suggest that the species is 

poikoloosmotic, while isoosmotic with sea water. Consequently, it is a 

strictly marine organism, not entering brackish or hypersaline waters. 

In relation to salinity it is also a mesostenohaline species. 

Depth. The spiny spider crab lives between 0 and 170 m depth, being 

also an eurybathic species (Stevcic, 1969). However, the depth minimum 

varies seasonally since it exhibits inshore-offshore migrations so 

that its optimum is different in various seasons. 

Substrate. Maja squinado occurs in various types of bottom such 

rock, sand, mud and mixed substrates (Stevcic, 1968). Accordingly, it 

is an eurysubstratic species. However, it prefers harder substrates 

and avoids mud, in particular silt. Its tolerance to various bottom 

types is a consequence of its seasonal displacements. 

Communities. Being a migratory species it crosses various community 

types, and it is more frequent in communities developed on harder bot

toms than in muddy ones, as, for instance, it was rarely sampled in 

the "Nephrops norvegicus ..: Thenea muricata" community. Respectively, 

it is an eurycoenose species. 

Food. The species feeds on different food items such as sedentary and 

motile organisms (algae, shells, crustaceans, brittle stars, 

urchins, etc.) (Stevcic, 1967). It is a typical euryphagic species. 

The above data show that the spiny spider crab has a wide tolerance 

range to a majority of analyzed ecological factors and only a narrow 

salinity range. In constant salinity conditions it is also an euryoe

cious species, i.e. tolerant to a wide range of habitats and environ

mental conditions. These features explain its wide distribution in the 

area. 
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Morphometric characters In Nephroos noryeglcus (L.) 

from Adriatic (VInodol Channel) 
growth differences In male and female Chellpeds 

Jasna OBRADOVIC 

Center for Marine Research, R. Boskovic Institute, Zagreb (Yugoslavia) 

RES!.JME: Caracterlstlques morphometriques du Nephrops norveglcus (L.) de I' 
Adrlatlque (Chenal de Vinodol), differences de croissance des chellpedes masculines 
et feminines. Les etudes sur Ia taU!e des chellpedes du Nephrops norvegicus (L.) ont 
montre que les differences signlfiantes de cette taille - parmi les sexes - ont apparu 
avec ·tes longeurs du corps depassant 8.5 em et que les chellpedes en sont evldemment 
plus longues chez les males et evidemment plus !argues chez les femelles. 

INTRODUCTION. The Norway lobster, Nephrops norveglcus (L.) Is commercially 
remarkable In many coastal countries of Europe, and therefore one made the studies 
on the correlations of Its body length/weight (FONTAINE and WARLUZEL 1969, GIB
SON 1967), and recently also fo~ Its sexes separately (FARMER 1974). HOSSAIN et 
al. (1987) Intended to find the differences In the weight/length of Its sexes, with and 
without the chellpedes, expecting a significant difference by the elimination of chell
peds. Thus our studies Intended to detremlne the differences of the cheliped sizes In 
correlation to the lobster body size and Its sex, and to find why In the papers of 
FARMER (!974) and of HOSSAIN et ai. (1987) was not presented a significative dif
ference of the weight/length correlations In lobster sexes, although the male chellpeds 
were evld~ntly major. 

Our morphometric studies have been carried out on the lobsters from north
eastern Adriatic Sea (Vinodol Channel). The parameters measured were the body 
length, and the lengths and widths of the chellpeds separately for the each sex. The 
statistical processing of the significance of differences In the length and width of 
chellpeds between both sexes, under and above 9 em of body length, we carried out 
after WARDLAW (1985). 

RESULTS. These studies demonstrated that the length of chellpeds (Fig. l) Is 
minor, and their width (Fig. 2) Is major In males than In females up to their body 
length of approximately 8.5 em, but these differences are not significative. Since this, 
the length growth In the male chellpeds Is significantly major, and In the female ones 
the width growth became more significative (Table 1). These changes In the cheliped 
growth appear by their lengths above 4.5 em and this Is correlated with the 
lobster body length above 9 em. 

After the obtained results one concluded that the chelipeds in N. norveglcus may 
be a typical morphometric indicator of sexes also from their early ages, and that the 
correlation of cheliped length/width In both sexes persist subequal to 8.5 - 9 em of 
body length, and that above this body size In N. norvegicus of NE Adriatic appear the 
characteristic sex differences. The minor chelipeds In the early age of males may be 
perhaps Interpreted as a biological adaptation useful for the conservation of the fe
male part of Its population in a canlbalistlc struggle for existence. The significantly 
longer and also significantly narrower chellpeds of the males, probably are but not 
significantly heavier than the female chelipeds, and thus they do not essentially con
tribute to the general body weight of the males. 

Comlte du Benthos, C.l.E.S.M. 

TABLE 1. Significance of the differences In the cheliped size between the sexes 
of Nephrops norveglcus 

Body length 
of lobster 

Body length 
under 9 em 

Body length 
above 9 em 

Length of ~f=.,IB08558 ~( .. '778JJ 

chellpeds 10~) p I~)P)O.l1. 
-- .. ---------------------------------------------------------------------------

Width of 
chelipeds 

LEGEND OF FIGURES: 

t = 0.00635 
df .. 8 
10~) p 

Fig. 1. Correlation between the lengths of body and chellpeds 
Fig. 2. Correlation of the length of body and width of chellpeds 
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ABSTRACT - The size-frequency structure of some species of marine macrobenthos 
in the area of the Po Delta is investigated. The different reproductive and 
growth strategies of bivalves, gastropods and decapods account for the cyclic 
stability of the community structure. 

Les fluctuations saisonni~res des communautes benthiques marines face au 
Delta du Po ont ete deja illustrees pendant divers cycles annuels (Bedulli et 
al., 1983; Bedulli et al., 1983-84). On peut rappeler qu'en general de fortes 
densites se retrouvent pendant l'ete, accompagnees par une augmentation de la 
richesse specifique; pendant l'hiver on assiste a une reduction tr~s marquee 
de 1 • abondance totale et du nombre d • esp~ces . Neanmoins la meme structure de 
la communaute tends a se reproduire chaque ete, en montrant une sorte de 
stabilite de type cyclique (adjustment stability: Gray et al., 1985). Dans 
cette note on a voulu, de fa<;:on preliminaire, en examinant individuellement 
les strategies reproductives et de croissance des esp~ces, degager certains 
mecanismes grace aux quels se realise la stabilite de la communaute. 

On a observe la repartition en classes de taille des esp~ces les plus 
abondantes, pendant un cycle annuel. Les prel~vements ont ete effectues a la 
drague dans trois stations aux profondeurs respectives de 2,5, 5 et 8 m~tres. 
Les specimens mesures avec un pied a coulisse ont ete regroup~s en classes de 
1 mm. Les campagnes ont ete effectuees en 6 occasions a partir de novembre 
1985 jusqu 'a octobre 1986. Seuls les Mollusques et les Crustaces Decapodes ont 
ete pris en consideration, puisqu • ils sont echantillonnes avec succ~s par la 
drague ( Ambrogi et Bedulli, 1983) . 

Les cycles vitaux des Bivalves sont tr~s synchronises du fait que toutes 
les e~ces les plus abondantes (Spisula subtruncata, (Da Costa), Corbula gibba 
(Olivi), Abra alba (Wood), Mactra stultorum (Linneo) et Venerupis aurea 
(Gmelin)) se recrutent a la fin du printemps et paraissent dans les 
prel~vements de juillet. L 'accroissement est rap ide pendant 1' ete jusqu' a 
octobre. La majorite des esp~ces chute dramatiquement en automne et tr~s peu 
d'exemplaires survivent pendant l'hiver et le printemps. Une etude parall~le 
sur Lentidium mediterraneum (Gmelin) a montre un cycle semblable. La seule 
exception est c. gibba, ayant aussi au printemps densites notables d' individus 
des tailles superieures. Pour les Gastropodes (Cyclope neritea (Linneo), Hinia 
reticulata (Linneo) e N~sarius mutabilis (Linneo) ) on observe des abondances 
considerables au debut des observations (novembre et mai) avec la presence de 
plusieurs classes d'age. Le recrutement a lieu pendant l'ete: les individus 
plus petits coexistent avec uncertain nombre d'individus plus ages. Sauf pour 
N. mutabilis on ne remarque pas une chute remarquable de l' abondance en 
octobre. L' analyse des donnees concernant les Crustaces Decapodes est 
compliquee, a cause du dimorphisme sexuel et des migrations cote-large. Les 
esp~ces considerees sont Liocarcinus vernalis (Risso), Crangon crangon 
(Linneo) et Brachinotus gemmellari (Rizza) . Les deux premi~res esp~ces 
montrent une majorite d'individus des tailles inferieures pendant l'ete et 
sont representees par des individus de plus grande taille surtout au 
printemps. B. gemmellari, au contraire, montre la predominance des tailles 
plus granaes au mois d 'aout. Les fluctuations de densite sont cependant tr~s 
accusees meme pour des prel~vements voisins dans le temps. On a 1 1 impression 
d' un etalement des per iodes de r~crutement soi t avant 1 • ete (L. vernalis et c. 
crangon) soit apr~s (B. gemmellari). 

Bien que basees sur un seul cycle d'observations, ces donnees permettent 
de mettre en evidence quelques traits de l'ecologie benthique dans la zone 
etudiee. Une periode d'observation de 5 ans pour s. subtruncata a confirme le 
recrutement printanier de cette esp~ce, tout en montrant des variations 
interannuelles importantes des densites et du taux de survie pendant l'hiver 
(Ambrogi et Occhipinti Ambrogi, 1987). Le cycle vital predominant porte en 
general sur une duret! de vie tr~s limitee et une croissance tr~s rapide, ce 
qui permet une grande flexibilite pour s'adapter aux conditions tr~s variables 
de l 'environnement. La dynamique acceleree des esp~ces des sables 
infralittoraux mediterranneens par rapport aux mers septentrionales avait deja 
ete evoquee par Masse (1972); l' influence des eaux du Po, qui entraine une 
augmentation de la temperature pendant l'ete, peut expliquer une acceleration 
encore plus marquee des cycles vitaux dans cette zone. 

La stabilite cyclique du peuplement resulte de divers types de 
comportements des differentes populations. Pendant l' ete les Bivalves 
repeuplent les fonds massivement, d'une fa<;:on assez synchrone, en depit de 
tr~s fortes diminutions pendant l' hi.ver; parmi les Gastropodes et les 
Crustaces, au contraire, plusieurs classes d'age coexistent, grace a des 
cycles plus longs. Le decalage des maximums de densite entre filtreurs 
(Bivalves) et predateurs-necrophages (Gastropodes et Crustaces) peut etre lie 
a la plus grande mobilite de ces derniers (possibilite d'echapper a des crises 
dystrophiques localisees) et aux disponibilites alimentaires de differentes 
natures suivant la saison. 
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ABSTRACT 

The secondary production of the marine bivalve Lentidium mediterraneum (O.G. 
Costa) has been estimated in a shallow water marine station in front of the Po 
river, delta. 

In spite of low numbers and biomass during the first half of the year, a very 
high value of production, 161 g m- 2 year- 1 , has been found, with a P/B of 
11.5. 

On a estime le taux de production somat1que de L. med1terraneum dans une 
station a la profondeur de 2.5 m pres des embouchures du delta du PS. Cette 
espece est largement dominante dans la biocenose des Sables Fins de Haut Ni veau, 
etablie a faible profondeur dans ce secteur de la Haute Adriatique. 

Les prelevements ont ete effectues a l'aide d'une benne VanVeen, pendant 8 
campagnes a partir de novembre 1985 jusqu'a decembre 1986. Les individus de h 
mediterraneum retenus sur tamis de maille 0.5 mm ont ete denombres et mesures 
avec un appareil pour 1' analyse des images (Kontron IBAS 1). 

On a construit des histogrammes de frequence des tailles avec une amplitude 
de 0.5 mm et, faute d' interpretation univoque de la repartition en cohortes, on 
a utilise la methode de la cohorte moyenne (Hynes et Coleman, 1968; Hamilton, 
1969) pour estimer la production secondaire. 

La formulation de 1 'equation de calcul est la suivante: 

= nombre de classes de taille; 

= moyenne pesee par intervalle de 
classe; 

(w. il >~ , , . . j j + 1 = moyenne geometr1que du po1ds sec; 

temps des individus de la 

C PI = "cohort production interval", duree de la vie de la cohorte en 
mois. Pour cette population on a considere un CPI de 6 mois (de 
juillet a decembre). 

Le cycle biologique du bivalve pendant la periode consideree a lljontre une 
faible densite au debut de 1 'etude, en novembre, mars et mai, avec 
respectivement 676, 660 et 42 ind. m -2 et 0.17, 0.15 et 0.01 g m- 2 (poids sec 
decalcifie libre des cendres). 

En juillet on a enregistre le recrutement le plus important, plus de 100000 
ind. m- 2 avec une biomasse de presque 30 g m- 2 • Dans les prelevements 
suivants, a !'exception du mois d' aoO.t, les densites demeurent tres elevees 
(46000- 89000 ind. m- 2 et 7.1 - 41.6 g m- 2). 

La valeur de production secondaire a ete estimee a partir des donnees 
d'abondance moyenne de 16 classes de taille (de 0 a 8 mm, ampleur 0.5 mm) et du 
poids moyen individuel correspondant; elle est de 161 g m- 2 an- 1

• 

Avec une biomasse moyenne de 14 g m- 2 , le rapport P/B est de 11.5 • 
La methode de Hynes, developpee pour le benthos des eaux courantes, a 

recemment ete appliquee a une espece de bivalve marin, demontrant une bonne 
correspondance avec des estimations paralleles (Cornet, 1986). 

Dans notre cas, la comparaison a ete faite par la methode traditionnelle de 
Crisp ( 1984), qui considere la somme des accroissements ponderaux de cha~ue 
cohorte. En reconnaissant 4 differentes cohortes recrutees en. juillet, aout, 
septembre et octobre la valeur de production resulte egale a 123 g m - 2an- ,_ 

Ces resultats apportent une nouvelle contribution a la connaissance de la 
productivite benthique a proximite du delta du PS, soit lagunaire (Ceccherelli 
et Rossi, 1984; Mistri et al., 1988), soit marine (Ambrogi et Occhipinti 
Ambrogi, 1987). 

La Haute Adriatique se range done parmi les regions les plus productives, non 
seulement en Mer Mediterranee, mais par rapport aussi aux eStes 
Nord-Atlantiques, qui sont les plus etudiees. 
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Etude de Ia distribution de Ia tallle des Moules 
(Mytllus galloprovlnclalls Lam.) du Bosphore, 

du point de vue exploitation commerclale 

Bayram OZTURK et Haluk ERGUVEN 

Universite d'lstambul, Ecole Superieure des Produits Aquatiques, 
Su UrOnleri YOksek okuli, Beykoz, lstambul (Turquie) 

RESUME': Dans ce travail, on observe la taille des moules dans differentes stations 

du Bosphore, on a determine les lieux ou les rnoules atteignaient la taille de 70 mm 

admis connne un standard pour la p8:che. On a vu que les tailles de moules sont infe-

rieures a 70 mm dans 5 stations. La taille optimum d'exploitation dout etre 70 mm 

et la croissance pour atteindre cette taille necessite 17 a 18 mois. Cette dimension 

perrnet de maintenir une equil ibre bio-economique. 

La moule de Turquie est Mytilus galloprovincialis, c'est une espece que 1 'on 

trouve sur toutes les cOtes de la mer Noire, de la Mer de Marmara et du Bosphore.En 

mer Ege€ on les trouve jusqu'a Karaburun-Izmir. A cause de la haute salinit8 et pour 

la mE:me raison, elles sent absentes de la cOte Turque de M8diterranee. Le but parti_ 

culier de ce travail est d€:terminer les stocks de moules du Bosphore et leur caract!_ 

ristiques biometriques. 

Le materiel est Mytilus galloprovincialis qui est connue sous le nom de moule 

Mariniere. On a effectue des pr€levement entre Octobre et Novembre 1985 avec un b!.. 

teau de Recherche (G0RllR). Les echantillons ont ete preHives a 1 'aide d 'une drague 

et pendant cette etude la vitesse du bateau etait de 1.5 mille par heure, les pre-

levements ramenes sur la bateau, ont ete tries. 

Les €:chantillons ont ere peses et les 
MER NOIRE 

valeurs pour chaque stations ont ete 

mesurees a partir d'une echantillon de 

100 individus preleves au hasard dans 

chaque station. Tous lesindividus 

ont ete mesur€:s _avec un pied a cou-

lisse, on a me sure la longueur' la 

largeur et l 'epaisseur de la coquille. 

Les dimensions de la moule du Bo-

sphore se situent entre 20 mm et 110 

rmn et d' apr€:s les r€:sul tats des mesu Les Stations dans le Bosphore 

res biometriques la dimension moyenne varie 52 mm entre 75 mm. L' 8paisseur varie e~ 

tre 17 mm et 23 mm, lalargeur entre 19 a 24 mm, les variations de standard se si

tuent entre 0.18 a 0.48. Voir le tableau l. 

Station Individus Taille Moz:. Var. Standard Epaisseur Longueur 

(mm) (mm) (mm) 

Kavak 100 68 0.47 23 22 

Tarabya 100 67 0.30 19 21 

Yenikoy 100 74 0.27 18 24 

Cubuklu 100 52 0.46 17 19 

Kandilli 100 56 0.18 18 20 

Emirgan 100 64 0.32 21 23 

Beylerbeyi 100 75 0.38 18 24 

Tab. 1: Mesures biometriques des Moules dans le Bosphore. 

Les resultats des recherches effectuees dans le Bosphore ont permis de determi

ner que la station la plus rentable est la station n° 7 avec une taille des moules 

de 75 mm. 

D' autre part, nous avons determine que la taille de 70 mm est un bon repere de pe-

ches de vente en Turquie et c' est en meme temps, une dimension pour maintenir le 

stock de peche. Comme on peut le noter 2 stations sur les 7 echantillonnees presen-

tent une rentabilite economique. 
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B-II9 
Donnees prellmlnalres sur !'extension des peuplements 

de Scapharca lnaegulya!yls (Brugulere) 
dans les eaux roumalnes de Ia mer Noire 

Victoria TIGANUS 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

P€:n€tr€: recemment en mer Noire, le bivalve Scapharca inaequivalvis a ete signa 
l€ pour la premiere fois dans le bassin pontique sur le littoral roumain (GOMOIU, -

1984). 

Le travail presente les premieres observations sur la distribution de cette e

spike, basees sur les recherches effectuees en 1985-1987 sur un reseau de 50 sta

tions aux profondeurs de 5, 10, 15, 25 et 30 m, entre la limite nord (les embou
chures du Danube) et la limite sud du littoral roumain. 

Les donnees obtenues indiquent la situation ci-dessous: 

- on a identifie des peuplements de S. inaequivalvis tout au long du littoral 

roumain sur des substrats sableux, sableux-vaseux et meme vaseux'7 j usqu 'a 30 m de 

profondeur; au-dela de 30m, les pr818vements realises n'ont pas mis en evidence, 
pour le moment, la presence du bivalve; 

- la frequence de l 'espece a augmente de 22% en 1985 a 28% en 1986 et a 56% en 
1987; 

la densite des peuplements a leg.hement augmente en 1986 (par rapport a 1983)' 
pour realiser une considerable croissance quantitative en 1987 (tableau 1); la mo

yenne de la densite a ete de 165 exfm2 en 1985, 187 exfm2 en 1986 et 786 ex/m2 en 

1987; les valeurs m.aximales de la dens it€ ont connu la meme evolution - 960 exfm2 
en 1985 (Constantza, 10 m de profondeur), 1100 exfm2 (Sulina, 5 m) et 4760 exfm2 en 
1987 (Chituc, 10 m); 

Tableau l 

Valeurs moyennes, par profondeurs, des densites (D=ex/m2) et des 

biomasses (B=gfm2) du bivalve Scapharca inaequivalvis 

Profondeurf 5 m 10m 15m 20m 25m 
Ann~e ~ -D---B- D B --n---B D B 

1985 80 0,04 224 0,37 180 o,o<J 508 0,25 0 0 

1'!86 554 0,13 300 7,36 0 0 190 0,11 80 0,01 

1'187 340 62,80 Hi?O 84,68 28? 5,93 379 5,8) 82) 11,37 

30m 
D 

0 

0 

1280 

B 

0 

0 

0,64 

- les peuplements identifies sent formes en majorite d'individus tres jeunes, 

de telle facon que les biomasses sont faibles (tableau 1), la plus grande moyenne 

de la biomasse etant enregistree en 1987 - 129 g/m2; la biomasse maxima1e a ete en
registree toujours en 1987 - 321 g/m2; 

- para1lelement au developpement quantitatif des peuplements de S. inaequival

ili, la dominance de 1 'espece au rang des populations de bivalves a augmente elle

aussi (tableau 2), particulierement en ce qui concerne la dens it€: (en moyenne entre 

13% et 33%), en prevoyant le role toujours plus important qu'aura l 'espece parmi 

les communaut€s benthiques oii elle s'installe; dans ce sens, mentionnons que dans 

les conditions oii les peuplements des autres esp€:ces de mollusques ont considerable 

ment diminue a la suite des puissantes floraisons d€roul€es au cours de 1 'ete des -

annees 1986 et 1987, Scapha rca inaequivalvis a ete le seul bivalve dont l 'abondance 

ait augment€, grace a la resistance plus grande de cette espece aux conditions d 'hz. 
poxie (GOMOIU, 1984). 

Tableau 2 

Dominance (%) du bivalve S. inaequivalvis comme densite (D) et biomasse (B) 

Profondeur L2.J!!__ 10m 15m 20m 25m JO m 
Ann~es D B D B D B D B D B D 

1'185 0,'! 0,1 2,0 0,4 5,8 0,1 68,6 0,3 0 0 0 

1'!86 18,0 0,1 8,0 14,1 0 0 15,2 0,5 J5,6 0,1 0 

1'187 1,8 'i,J 43,0 17,3 17,2 1,8 J1 '1 5,'1 1'1,0 1,'1 86,4 

B 

0 

0 

1,3 

Il resulte, des donnees presentees, que s. inaequivalvis est p1einement acclim~ 

te et installe en mer Noire, oii 1 'espece grandit et se reproduit intensement (comme 
le prouve le grand nombre des jeunes trouves), ses peuplements ayant une extension 

et une proliferation accrues d 'une annee a 1 'autre .. 

Pour d 'evaluer par la suite les populations de ce bivalve, des recherches spe

cialisees, eventuellement a 1 'aide du scaphandre autonome, sont necessaires pour 

mettre en evidence aussi l 'habitat des exemp1aires de grande taille qui existent cer 

tainement puisqu' on les trouve dans la thanatocenose de la plage (GOMOIU, 1984). -
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B-IllO 

Potentlel productlf d'une communaute eplblonte "lnsulalre" 
formee sur fonds meubles 

Marian-Traian GOMOIU 

lnstitut Roumain de Recherches Marines. Constantza (Roumanie) 

Abstract: The paper presents data abuut the epibiotic system on the walls of an ar
tificial concrete "island" built on the sandy bottoms with Corbula at Ma-
maia - the Black Sea. ---

Poursui vant la s€.rie des recherches pour la connaissance des associations d 'or
ganismes €pibiontes sur substrats artificiels (2), au cours de 1 'ann€:e 1987 no us a
vans etudi€ le potentiel ecologique du systeme €pibionte form€ sur une "ile" en b€.
ton (base d'accostage) construite il y a plus de 20 ans, a 6 m de profondeur, sur 
les fonds sableaux de Mamaia. "L'ileu, pratiquement un monobloc, se trouve instal
lee dans la zone la plus typique de 1' association psammobionte dominee par Corbula 
mediterranea (Costa). ---

E~. plongee on a preleve 12 echantillons (quantitatifs) et 1 'on a fait les obse!: 
vations suivantes: a. tout auteur de "l'ile", une bande vert-noire (zone d'alternan 
ce) de 25-30 em est entierement d€.pourvue de toute epibiose macroscopique; b. les
formes les plus caracteristiques du systeme epibionte sont les moules et les algues 
rouges (Ceramium); et c. le systeme epibionte semble geni'ralement bien developpe, 
mais sa distribution quantitative n'est pas uniforme. 

On a identifie 23 types d 'organismes, dont seulement 7 formes sessiles (Tableau 
1). La structure qualitative de la communaute d 'especes typiquement €pibiontes sem
ble pauvre, ceci est du a !'absence des spongiaires, des actinies, des polychetes 
encroUtantes,. ainsi que des tuniciers, etc. existante jadis, mais les formes qui 
s •y trouvent sent celles s€.lectionnees par les rigueurs des nouvelles conditions 
dues a Peutrophisation (1; 3). 

La faible diversit€ spt?.cifique est compensee par un assez bon d€.veloppement 
quantitatif des formes presentes, ayant en moyenne presque 15o;ooo ex.m-2 et 21 
kg.m-2 (Tableau 1) et des maxima voisins des valeurs des zones les plus producti
ves. La domination numerique (57% - 71%) appartient generalement aux formes vagi
les m€iobenthiqu:s; les formes sessiles Mytilus et Balanus ont un taux de densite 
de 17-41%. La bwmasse des moules representent generalement plus de 90% du poids 
de tout le syst€.me €pibionte; Mytilus a cOt€ des autres formes sessiles, donne 
97,42-99,46% de la biomasse geniirale. La plus grande production potentielle du sy
steme epibionte analyse - presque 60 kg.m-2.an-l - peut etre realisee dans 1 'hori
zon l-2 m. 

La communaut€ €pibionte analys€e joue un rOle important Pans la biofiltration 
de l'eau; les moules, Mytilaster et Balanus peuvent filtrer environ 50-150m-3 eau. 
jour-1. Si 1 'on a en vue que dans 1 'eau de mer de la zone €:tudi€e la quantit€ mo
yenne du phytoplancton est de 5,6 g.l-1, cela signifie que les peuplements de mou
les d'une superficie de 1m2, elles seules, filtrent et s€dimentent chaque jour, 
par pseudo feces, environ 280-840 kg de substance organique. 

L '€pibiose de "1 'ile11 en b€:ton, par rapport a celle formee sur les stabilopo
des de la digue de Constantza {2), ne differe pas qualitativament, mais a un plus 
faible developpement quantitatif' du a la structure monobloc de 1 'ile qui differe 
de celle alveolaire ou permeable realisee par les stabilopodes. 

Par rapport a la bioc€nose des sables fins a Corbula qui entour "1 'i1e" en be
tan, 1 'association €pibionte nouvellement formee est beauc.oup plus ric.he du point 
de vue quantitatif, au mains 15 fois. Les indices de densit€ (la racine carr€e du 

~r~:~~~ ~:t~~, ~~e'~r=~u~:~~e e!v!~s~!::::s:~t d=~ ~!:qv~~:::r:~i:=~:~=~ de 1 'as so-

Association €:pibionte 

1. Mytilus lO mm 
2. Balanus 
3. Ceramium 
4. Mytilus lO mm 
5. Mytilaster 

1385,4 
227,3 
206,7 
197,6 
106,3 

Association psammobionte 

1. Cardium lamarcki 
2. Mya arenaria 
3. Corbula mediterranea 
4. Ampelisca diadema 
5. Cyclope neritea 

188,7 
112,5 

99,5 
76,5 
56,8 

La comparaison des deux communautes benthiques, formees dans la m€me zone dans 
les me~s conditions du milieu et soumises aux memes pressions €cologiques co~firme 
u:'e. fOlS de plus le grand potentiel ecologique du substrat dur par rapport a celui 
s~dlmen:a~r~. Les donnees enregistrees nous conferent en meme temps la certitude 
d. une reu~s: te tot~l~ ~ans nos actions de redressement €cologique par 1a construc
tion de rec1fs art1f1c1els dans les ecosystemes d€r€:gl€s.; 

-------------------------.... -----------------------··· Orga11hmea f1 DIII&X 1lllaS Jaad Baled 

Caram1WD rubrum (Huda.)A«. 
BrUlua !S!lloprovinc1alb Lam. 
ltl!!!! - jeunea ( < 10 mm) 
lttlUa.rier U.neatua OmeUn 
ChUon •arfd.natue Pennat 
Balanus 1aprov1sus Darwin 
Protosoa 
ll;rdrosoa 

total tol'llea seaa1les 

Jtta arOJial'la L. 
Soapharca 1D!!gu1Tf.Yl• (Brug.) 
llrdrobla Tentrosa .olltacu} 
"••ert1nl 
t.eptopllllla tr•e11ar1s ( o.P.a.) 
'l'urbellar1a 
lre•atoda 
Pol;rohaeta 
Oli«oohasta 
Copepoda 
.lmph1poda 
'l'anals Ca'n!llnU a.-Mw. 
dotea b t oa Pallaa 

aoon ele a Bathke 
D e o a p o d a Tar. 

Total fo!'lles Tagiles 

91,7 
100,0 
100,0 
100,0 

25,0 
1oo,o 

66,7 
5(),0 

66,7 
91,7 
5(),6 
16,7 
50,0 

100,0 
100,0 
100,0 

8,3 
100,0 
100,0 
91,7 
33,3 
33,3 

100,0 

+ 
12222 
78933 

3689 
267 

34444 
+ 

5867 

666,67 
28857.18 

789,33 
995.56 

1,33 
1460,00 

+ 
4,69 

85377 31340,06 

800 
2222 

533 
89 

444 
14933 
76711 
14800 

89 
66133 
66889 
11289 

3067 
356 
489 

60,00 
27,67 
1,33 
0,31 

13,33 
o,6o 
0,13 
8,90 
o,oz 
0,38 

26,76 
4t52 

92,00 
71,11 

117,35 

+ 
4404 

39049 
947 

32 
3357 

+ 
1030 

222 
718 
150 

15 
56 

5445 
34791 
8380 

10 
20026 
32518 

2292 
432 

24 
206 

427,27 
19194t64 

390,64 
113,02 

o,u 
568,52 

+ 
0,03 

19,30 
7,86 
0,36 
0,06 
1,68 
0,22 
o,o6 
4,83 
o,oo 
0,39 

12,59 
0,77 

13,08 
1,95 

47,05 

110,20 

'l'O'l'.&J. GmiEI.&J. 212532 ll.l70 1 09 154106 20605;28 --------------------------------------------------------------
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B-II11 

Quelques donnees sur les populations 
des sables a Corbula medlterranea Costa, 

de Mamala (Constantza, mer Noire) 

Marian-Traian GOMOIU 

lnstitut Roumain de Recherches Marines. Constantza (Roumanie) 

Abstract: The author shows the prosperous state of the Corbula community at Mamaia 
--- in 1985: high specific diversity, increasing densities and biomasses of 

populations. This stage could be considered transient under the condi
tions of eutrophication in the Black Sea. 

Les recherches des ann€es soixante effectu€:es a Mamaia (Constantza) ont confir
m€ le fait que la biocenose des sables fins a Corbula repr€:sente l 'une des associa
tions benthiques les plus productives de la mer Noire (l). Les nouvelles conditions 
€cologiques ont influence aussi cette bioc€.nose (2,3). A la suite des phenomenes 
toujours plus frequents de mar€.es rouges et des mortalit€.s en masse des organismes 
benthiques (oil 1 'on n'exclut point !'influence n€.faste des processus actifs d'€:ro
sion des plages), lors du controle effectue en 1982, la biocenose infralittorale de 
Mamaia €:tait extr€:mement appauvrie, r€.duisant evidemment son rOle trophique et €co-
1ogique ( 41. 

La n€cessit€: de connaitre l 'evolution ult€.rieure de l'€tat de 1 'association des 
sables a Corbula, en condition de per,istance de l 'eutrophisation des eaux, nous a 
d€:termin€: a effectuer un nouveau contrOie ecologique. On a pr€:lev€. en octobre 1985, 
32 echantillons quantitatifs, a 1 'aide de la benne Van Veen (1/20 m2). Les resultats 
obtenus nous permettent une evaluation g€.n€:rale de 1' €.tat actuel du zoobenthos de 
la zone Mamaia, comme suit: 

l. L'association des sables 8. Corbula a une structure qualitative am€lior€e. On 
a identifi€. 35 types d 'organismes, presque trois fois plus que lors de dernier con
trOle ecologique d' il y a trois ans. Les especes les plus fr€:quentes (Tableau l) 
sent: Corbula medi terranea (Costa) ,My a arenaria L. ,Cardium edule lamarckii Reeve, 
Scapha rca inaequival vis (Brug.) ,Mytilus galloprovincialis (Lam.) j eunes, Hydrobia 
ventrosa (Montagu), Rissoa splendida (Eichw .), Cyclope neri tea (L.) parmi les mollu
sques, et aussi Ampelisca diadema Costa,Balanus unprovisus Darwin,Pseudocuma cilia
ta G.O. Sarsa, Iphinoe maeotica (Sov.), Periodulodes longimanus (Bate & Westwood) 
'i)armi les crust aces. Les formes fortui tement rencontr€.es, avec une fr€:quence au-de~ 
sous de 25%, pas inclues dans la liste, sont: les mollusques Spisula subtruncata 
triangula (Renier) ,Chione gallina L. ,Abra ovata (Philippi) ,Tellina tenuis Costa et 
Retusa trunca·tula Brug., les vers Leptoplana tremellaris (Q.F .M.) ,les crustaces ~
thyporeia gu1lliamsoniana (Bate) ,Tanais cavol1ni M. Edw. ,Paramysis baeri bispinosa 
Mart., ainsi que d 1autres groupes, ·tels que Hydrozoa, Halacarida, Phoronida (Phoro
nis euxinicola S.-Long.) et Bryozoa. 

Certa1nes especes, autrefois communes (Chrisallida ,Nassarius ,'Biogenes ,Pacropi
~' etc.) manquent encore. 

2. Du point de vue quantitatif, en 1985 le zoo benthos est tres abondant - en m£_ 
yenne presque 360000 ex.m-2 et 870 g.m-2 (Tableau 1), valeurs proches de celles des 
annees soixante (l). Mais 1' abondance maxi male des peuplements benthiques peut de
passer, en certains endroits, 1 million ex.m-2 et 2,7 kg.m-2. 

ll faut relever la grande quanti te des foraminiferes (1, 92 mil.m-2 en moyenne, 
avec des maxima de 5,05 mil.m-2), mais a cause des difficultes de reconnaissance r~ 
pide des exemplaires vivants, on ne les a pas pris en consideration. 

3. Dans les sables a Corbula, les peuplements de vers (surtout nematodes) et de 
mollusques sont les plus abondants du point de vue numerique. Du point de vue pon
deral, les associations sont dominees par les mollusques (93% - dont Corbula - 20%, 
~ - 20% et Cardium - 417.); les vers et les crustaces ont des biomasses reduites -
environ 30 g.m-2 (3% - 4%). 

Le rapport general macrobenthos/meiobenthos (1:11,9 comme densites et 2,29:1 co!!'c 
me bioma.sse) preuve la dominance numerique du m€iobenthos ou du pseudom€.iobenthos 
(les formes juveniles des organismes macrobenthiques, par exemple les mollusques). 

4. L'indice de diversit€: (la racine carree du produit entre la fr€:quence et la 
biomasse d 'une espece), calcul€. pour les formes les plus importantes indique la hi€. 
rarchie bioc€notique suivante pour les especes de la biocenose des sables a Corbuli: 
186,5- Cardium, 131,7- Corbula, 131,5- ~. 52,0- Polychaeta, 51,2- Ampehsca, 
28,7- Scapharca, 28,7- Cyclope, 20,6- Chione, 18,5- Hydrobia et 15,7- Rissoa. 
Toute.s ces especes sont typiquement psammobiontes; de meme, Scapha rca, espece r€:ce~ 
ment introduite dans la mer Noire, s 'est assez bien rang€e dans 1 association des 
fonds sableux. 

Tableau 1. Frequence (f%), densites (D-ex.m-2) et biomasse (B-g.m-2) maxi
males (max) et moyenne (med) des organismes enregistres en 1985 dans les 
sables a Corbula (M% - pourcentage de macrobenthos) 

-•••••••••••••-•••••••-=•••••c.,>=111!••••••••••••-••IZ••••••as••••=-a:.xa:x-cm••s:•=•••••• 
f1 Ilaiax Bmax Daed ~ Billed ~ 

Corbu1a 100,0 103320 468,53 42249" 31 173,58 55 
Itt! 96,9 56110 646,98 12394 44 178,48 51 
Cardiua 96,9 18800 1381,60 2602 52 358,88 97 
Soapllarca 56,2 1680 102,64 456 2 14,66 64 
llriilus 43,8 1510 29,08 312 4 4,30 31 
T4lioonques 62,5 329740 32,97 42906 4,29 
~ 59.4 9650 24,12 2298 5,74 
lissoa 43,8 10160 50,80 1128 5,64 
..9l!:.!!P! 40,6 500 155,00 75 83 20,22 80 
Gastropoda je1Ules 28,1 20320 o,61 1382 0,04 

KOLLUSC.l 508310 2711,69 106080 808,64 

Jreaertini 84,4 320 0,79 108 0,16 
Neaateda 100,0. 617200 1,07 201212 0,35 
Po~ohaeta 100,0 74150 58,91 28085 27,00 42 
Oligoohaeta 90,6 27680 8,49 7976 2,66 44 

"RIIJIES 647980 48,94 240744 31,82 

Copepoda 53,1 12400 0,25 3462 o,cn 
~ 68,8 2880 6,74 432 1,71 
.&apelisoa 96,9 15360 89,02 5757 73 27,05 94 
Periooulodes 31,2 320 o,06 32 o,o1 
Peeudoouaa 46,9 13540 o,81 2944 0,18 
Iphinoe 34,4 1260 0,19 202 0,03 

CRUS,..l<3.l 32770 92,23 +12683 +29,12 

T.&RI.l 620 o.:l!! ~~ +01 lo 

ZOOBDf'I'HOS 1088930' 2758.49 359792 869,68 _________ .. ____________________________________________________ .., __________ ... ____ 

5. En conclusion, le benthos de la zone Mama.i.a a eu en 1985 une situation surpre 
nante - divers it€ sp€cifique e1evee" grandes densit€s et biomasses; ceci signifie -
que son role ikologique de base trophique et de biofiltre (8 - 64 m3 eau.jour-l.m-2) 
a augment€ jusqu'aux niveaux des ann€es soixante~ Mais cette situation doit etre con 
sideree oon:me transitoire, €tant donne que les conditions actuelles cr€es par l 'eu--
trophisation peuvent determiner des changements imprevisibles dans la bioc€nose. 
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B-II12 
On the origin and biogeography 

of the recent benthic foraminiferal fauna 
of the N.E. Levantlne Sea 

S.N.ALAVI 

Department of Marine Sciences (ODTU), Erdemli, P.K. 28, 33731 lcel (Turkey) 

Resume: Etude detaillee des peuplements de Foraminiferes recents. On a etudie 128 
prelevements, de la cote jusqu 'a 2200 m dans le bassin de Cilicie. 75% des especes 
presentes ont ete signalees dans 1 'Ocean Atlantique et le bassin occidental de la 
Med iterranee. Beaucoup d' especes bathyales sont boreales et Atlantiques. Environ 
20% de la faune totale parait etre limitee a la province Est-Atlantique-Mediterra
nee (Lusitanienne). La majorite de ces formes est constituee d' especes en place et 
cette proportion d' endemiques est comparable avec celle d' aut res groupes d' Inverte
bres. La faune des hauts niveaux (<100 m) inclut des especes indo-pacifiques (4% de 
la faune totale), excepte Edentostamina ssp et Amphistegina, elles sont connues du 
Quaternaire d 'Egypt et d' Israel et des sediments recents du golfe d 'Aqaba. La migr~ 
tion d·e ces esp€.ces par 1' isthme de Suez est discutee. 

A detail study of the dead assemblages of Recent benthic Foraminifera from 128 
sample localities extending from the nearshore zone to a depth of about 2200 m in 
the Cilician Basin (N.E. Levantine Sea) revealed that 75% of all of the identified 
species (383) have been previously recorded throught the Atlantic Ocean and the We
stern Mediterranean Sea (Alavi, 1980). Most of the bathyal species are known from 
the Boreal Province of the Atlantic and about 20% of the whole fauna seem to be re
stricted to the Eastern Atlantic-Mediterranean (Lusitanian) Province (Ekman, 1953). 

The majority of these forms are shelf-dwelling species and this proportion of fora
miniferal endemism is comparable with those reported for most groups of invertebra

tes in the same province (Briggs,l974, p.203-205). Some of them are widely known 

from the Neogene of the Mediterranean region·. 

The shallow water (<100 m) faune include a number of Indo-Pacific species repre
senting about 4% of the whole fauna. These are CZavuZina anguZaris d 'Orbigny, Eden
tostammina euZtrata (Brady), E. miUeti (Cushman), Pseudomassilina af. australis (Cu 
shman), "QuinqueZoeulina"phoeniaia (Martinotti), NodophthaZmidiwn antiUarum (Cush-
man), Spiroloeulina communis Cushman and Todd, Bolivina afriaana (Smitter), Loxostq_ 
mwn limbatwn (Brady), L. karrerianwn (Brady), S{gmavirgulina tortusa (Brady), Hete
rostegina depressa d'Orbigny, Amphistegina Zobifera Larsen, and CymbaZoporetta dra
dyi (Cushman). Except for Edentostamina spp. and Amphistegina, they are all reported 
to occur in fossil assemblages from the marine Quaternary deposits of Egypt and I
srael (Said and Kamel, 1955; Shukri et aZ. ,1956, and Reiss and Issar,l961) andRe
cent shallow water sediments from the Gulf of Aqaba (Elat) and off the coast of Le
vant and Egypt (Said,l950; Reiss et aZ., 1961; Moncharmont Zei ,1968, and Kafescioglu 
1976). As the decendent of the Paleogene tropical stock seem to have become extinct 
by the end of the Miocene in the region (Adams ,1967 and Said and Kamel, 1955), these 
species probably entered the Mediterranean Sea during the Plio-Quaternary phases of 

shallow-water connections between the Mediterranean and the Red Seas across the Is
thmus of Suez (Shukri et aZ., 1956; Abdel-Gawad, 1970; Por ,1975, and Gvirtzman and Bu 
chbinder,l978). This interpretation lends support to the proposed eastern Mediterr~ 
nean Amphistegina province, erected on the basis of the stratigraphic and biogeogr~ 
phic distribution of A. Zobifera Larsen (1976 and 1979). So far there is no eviden

ce to suggest the migration of any of these species from the Red Sea via the Suez 

Canal. 
There are only three species which appear to be restricted to the eastern Medi

terranean Basins. These are AnomaZinoides minimus Vismara-Schilling and Parisi, Pa
rarotalia sp., and DisaorbineUa sp .. The latter two are probably new taxa. 
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B-II13 
Reproduction, blometrle et Indices de condition chez 

Venus yerrucosa L. (Mollusca, Bivalvia} du golfe de Trieste 

Giorgio VALU, Paola NODARI et Donatella CASTENETTO 

Dipartimento di Biologia, UnlversM degli Studi di Trieste, Trieste (ltalia) 

Abstract In Venus verrucosa the reproductive activity occur 1n RPrl!
September.The sex-ratio is 59.47 + 2*3.26 for females. The growth is 
allometric and condition indices are discussed. 
Venus verrucosa vit sur des substrats detritiques-sableux dL: Golfe de 
Trieste o.:. elle est pechee. LE PENNEC <198ll rapporte que Venus 
verrucosa, des cOtes atlantiques franc;::aises, est mUre ou elle est en 
emission pour une periode assez longue (fevrier-aoQ.t) avec les 
emissions plus importantes en jui llet et aoGt. VALLI et CESTER ( 1980> 
ont observe, prel imi nai rement, que Venus verrucosa du Gal fe de Trieste 
se reproduit de decembre a septembre tandis qu'en octobre et novembre 
les gonades sont presque vides. Selon MARANO et al. ( 1980, 1983> Venus 
verrucosa de l'Adriatique Meridional emet les gametes de juin a 
decembre mais le maximum est compris de juin a octobre. Dans le but 
d'approfondir l'etude de la reproduction, de la biometrie et, en 
particulier, de suivre les variations des indices de condition en 
relation au cycle reproductif chez Venus verrucosa du Golfe de 
Trieste, on a recueilli de novembre 1982 a janvier 1984, tous les 
mois, une cinquantaine d 1 exemplaires. On a mesur~, avec un compas a 
coulisse, la longueur, la hauteur et l'epaisseur de la coquille et 
puis le poids total, celui des parties molles et de la coquille de 
taus les animaux. Les parties molles de 20 exemplaires, choisis au 
hasard, ont ete fixees au Bouin, coupees (6 )lml et colorees a 
l'hematoxyline-eosine. Les gonades ont ete classees selon une echelle 
de 6 Stades: Stade 0 <repos sexuel >, Stade 1 (debut de la 
gametogenesel, Stade 2 <developpementl, Stade 3 <maturitel, Stade 4 
<emission>, Stade 5 (fin du cycle>. Sur les animaux restants on a 
determine le paid; sec de la chair <etuve a 105.Cl, le poids des 
cendres <four a 550 Cl et, par d1fference, le po1ds sec sans cendres. 
Au cours de 1982-84, Venus verrucosa s'est reproduit surtout d'avril a 
septembre. En octobre on remarque une periode d'arriit mais on 
n'observe pas des animaux en repos sexuel et la gametogenese 
recommence, avec une phase preponderante jusqu • en avril. En effet 
1' indice gonadique de SEED ( 1980) qui synthetise !'evolution des 
gonades (sa valeur est 0 lorsque taus les individus sont en repos 
sexuel et 3 s • i ls sont to us mGrs > est super ieure a 2, de mars a 
septembre, et est 1, ou un peu plus, dans la peri ode suivante: 
confirmation d'une intense activite gonadique, favorisee par des 
conditions optimales de temperature, salinite, oxygene, nourriture du 
Golfe de Trieste <FONDA-UMANI et Alii,1985l. Pour ce qui concerne la 
biometrie, l'intervalle general de la longueur est: 3.6- 6.5 em, 
avec une moyenne de 5.1 em. Les coefficients mensuels d'assymetrie de 
la longueur sont presque toujours negatifs, a savoir: la distribution 
de la longueur presente un nombre plus grand d'observations plus 
grandes de la moyenne. Cette situation est due au fait que les animaux 
provenaient de la piiche professionelle qui emplo.ie des engins qui ont 
une selectivite propre et, par consequent, ne piichent pas normalement 
les animaux inferieurs a 3.6 em. Avec le coefficient de variation 
pourcentage (CV:t.l, parametre independant de l'unite de mesure, il a 
ete possible de comparer la dispersion de variables non homogenes. On 
a pu observer que les variables 1 i nea ires presentent une mo i ndre 
dispersion a l'egard des ponderales mais, parmi les lineaires, 
l'epaisseur presente la plus grande dispersion. Pour ce qui concerne 
les variables ponderales, c'est le poids de cendres qui a la plus 
petite variabilite. Ce resultat est d'un certain interet car, en 
principe, c'est tout a fait le contraire.et cela pourrait etre du a 
une faible presence de sable chez Venus verrucosa et/ou a un contenu 
plus regulier de metaux. Ensuite on a calcule des regressions 
fonctionnelles <Modele II> qui sont, partiellement, repartees ici: 

Dep .lind. n. r~2 a b interv. de b a 95:1. 
H/L 571 0.91 -0.0684 1.0092 0. 9850-----1 • 0335 
E/L 572 0.66 -0.3787 1.2523 1.1925-----1.3120 
PT/L 616 0.79 -0.6428 3.3177 3. 1969-----3. 4384 
PV/L 573 0.69 -1.0829 3·.6533 3. 4857-----3. 8209 
PPM/L 574 0.83 -1.5398 3.4352 3. 3188-----3.5517 
PS/L 329 0.75 -2.4027 3.6880 3. 4879-----3. 8882 
PSSC/L 329 0.74 -2.5395 3.7952 3. 5841-----4. 0063 
( ou: H=hauteur ,L=longueur ,E=epaisseur ,PT=poids total ,PV=poids valves, 
PPM=poids parties molles,PS=poids sec,PSSC=poids sec sans cendres; 
intervalle de b a 95:1. pour tester 1' allometr ie de l 'accroissement. 
Donnees logarithmiquesl. 
On peut observer que, relat i vement aux i ntervalles de me sure effectues 
(de 3.6 a 6.5 em de longueur), il y a.une relation d'allometrie pour 
toutes les variables. Apres 9a on a etudie 21 indices de condition: il 
s'agit de rapports qui derivent des variables lineaires, ponderales, 
etc., avec pour but de reperer lequel ou lesquels sont a preferer pour 
suivre les fluc.tuations saispnnieres des parties molles. Pour cette 
raison on a compare la variabilite interieure des divers indices, avec 
1 'aide de tests · non parametr iques <test de Friedman et test de 
Wilcoxon), et on a pu ainsi ranger les indices en ordre croissant de 
variabilite <les indices les meilleurs ont une petite variabilite). 
Apres on a examine <test de Kruskal-Wallisl la sensibilite des 
indices, a savoir la propriete d'elever les differences dans divers 
mois. Enfin on a mis en evidence <test de Spearman> les indices qui 
presentaient des carrel at ions signi ficat i ves avec 1' i ndice gonad ique 
de SEED. De !'integration des resultats obtenus, on a isoles 5 
indices: PPM/(L*H*El, PPM*100/L~3, PPM/PTOT, PS*100/<L+H+El~3, 

PS*100/(L*H*El qui ont revele les plus petites variabilites 
interieures, les plus grandes sensibilites et les meilleures 
correlations avec le cycle reproducteur. Certains de ces i·ndices 
peuvent etre pris dans un but pratique: en effet PROU et Alii <1986>· 
rapportent qu'en France on a adopte (en 1985) l'index PPM/PTOT pour 
Crassostrea !il..Q.n. En tout cas les resultats obtenus ici, meme s'ils 
derivent d'une analyse statistique complete, n'autorisent pas une 
generalisation sans des etudes specifiques. 
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Mlcrorepartltlon de Ia macrofauna benthlque 
de substrat meuble en milieu perturbe 

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

ISMAL, B.P. 90, Alger-1er Novembre (Algerie) 

MATERIEL g METHODES : Bakalem et al (1986 b) ont etabli pour la 
periode de juin 1983 la cartographie, et defini la zonation, des 
peuplements macrobenthiques du port d'Alger. Ces auteurs ont mis 
evidence que le port d'Alger est un milieu perturbe. 
Deux stations au niveau de ce port : la station P10 et la station P21 
ont ete prospectees en fevrier 1985. Pour chaque station, dix 
pr~levements soit 1/10 de m2 chacun, distribues hasard sont 
realises A l'aide d'une benne type VanVeen c'est-A-dire un metre 
carre de sediment preleve pour chaque station. Lea prelevements d'une 
m~me station aont traites individuellement. 
La station P10, profondeur 19 m, est localisee dans le bassin de 
11ustapha, mi 1 i eu extr~mement perturbe comprenant une vaste zone 
azoique et une zone polluee perturbee. En fevrier 1985 lors des prele
vements la station P10 appartient a une zone polluee. Le sediment de 
cette station est en ~rande partie constitue de a laquelle 
viennent s'ajouter des aablesetgraviera. 
La station P21 de profondeur 15 m se trouve dans le bassin du Vieux 
Port dans un aecteur occupe par une zone subnormale. Le sediment est 
de nature vaso-sableuse renfermant un grand nombre de coquilles vides 
de 11ollusques et des debris divers (verre, plastique, etc ... ). 
La methodologie relative aux traitements des donnees a ete exposee 
dans un precedent travail sur la microrepartition des especes 
macrobenthiques des sables fins de la bale d'Alger (Bakalem et al., 
1986a). 

RESULTATS : - Station PlO : 14 especea au total dont 13 Polychetes ont 
ete inventorie~s-p;-lychetes ont une densite elevee : 1347 ind/m2 
aoit une dominance de 99,47 %. Cette forte dominance eat due 
essentiellement a deux especes : Capitella capitata, "leader" du 
peuplement, et Scolelepis fulisinoaa. Cea 2 especes 
caracteristiques des milieux pollues, sont des indicatrices de 
pollution. De ce fait le stock ecologique regroupant lea indicatrices 
de pollution est le plus important, et de loin, du peuplement de la 
station. 
Le peuplement de la station PlO est pauvre qualitativement et tree 
nettement domine par deux indicatrices de pollution Capitella 
capitata et Scolelepis fulisinosa. Sur le plan quantitatif la 
repartition spatiale est tres heterogene. 
Lea indices indiquent une tendance a la contagion pour six especea 
parmi lesquellea nous retrouvons lea 2 especes caracteristiques et 
dominantes de la station Capitella capitata et Scolelepis 
fuliginosa. Pour lea especes non adaptees aux milieux perturbes, ou 
presentee dans un ou deux prelevements, comme Glycera convoluta et 
Nereis caudata, 1 es val eurs de 1 eur indice de Hor isi ta sont el evees. 
L'hypot~une repartition au hasard n'est retenue que dans 2 cas : 
Staurocephalus rudolphii, et Holothurie indeterminee. 
- Station P21 : Au total 24 especes sont inventorieea pour cette 
station dontle plus grand nombre appartient au groupe des Polychi!ltes, 
suivi de celui des Hollusques, lea Crustacea venant en dernier. 
Cependant sur le plan quantitatif les Hollusques dominent largement le 
peuplement de la station, et lea Crustacea viennent en seconde 
position. 
Lea especes a large repartition ecologique sont le groupe ecologique 
dominant de la station. Corbula &ibba et Lumbrineris latreilli sont 
lea principales especea du peuplement. 
L'etude de la microrepartition des especes montre une repartition 
contaaieuse dans 17 cas et une repartition au haaard dans 11 cas. 
Lea especes dominantes, pour lesquelles le milieu est favorable 
~ j,ibba, Apseudes africanus, Audouinia tentaculata, Tharyx 
marion!, Lumbrineris latreilll et Nerei"s ~ ont une repartition 
contaaieuse. 
La contagion est maximal e pour Nephthys hombersii, presente seulement 
dans un prelevement avec un effectif de 5 individus. La repartition au 
hasard concerne lea especes dont la densite est inferieure A 10 ind/m2 
sau£ pour 3 especea : Glycera convoluta (24 ind/m2), Capitella 
capi tat a ( 18 ind/m2) et Phascolosoma .!l?. ( 13 ind/m2). 

DISCUSSION - CONCLUSION : La repartition spatiale des individus est 
tres heterogene au niveau des stations etudiees de ce fait tres peu 
d'esp~ces sont representees dans taus les prelevements. 
Le peuplement du port d'Alser pris dans sa globalite serait reparti en 
taches. Le calcul de l'indice de Horisita donne lea valeurs 1,19 et 
2,34 pour respectivement lea stations P21 et P10. Lea peuplements ont 
une repartition contaaieuse A l'echelle du m2. Pour la station P10 la 
contaaion eat la plus forte, cela semble ~tre du a l'hete~oaeneite du 
sediment de cette station. 
Comme l'ont deja signale Bakalem et al. (1986a) il y a une relation 
etroite entre la densite et lea indices d'agregation. Lea indices 
montrent }'existence d'une repartition au hasard quand la densite est 
faible sauf pour lea especes representees par un petit effectif dans 
un seul prelevement, comme c' est le cas de Glycera convoluta, Nereis 
~A la station PlO, et Nephthys homber&ii Eunice oesterdi a la 
station P21. 
Pour le port d'Alger lea peuplements sont repartis taches a 
l'interieur desquelles lea especes dominantea ont une repartition 
contagieuse. Ces especes dominantes s'approprlent tout l'eapace oil lea 
conditions leur sont favorables. 
La variablllte des effectifs dans lea prelevements est lie a l'aspect 
du sediment, et ell e 1 • est d • aut ant plus quand 1 e sediment est tres 
heterogene comme c'est le cas a la station PlO. Pour le port d'Alger 
cette variabi1it~ est importante etant donn~ la grande heterogeneit~ 

des fonds meubles de ce port. 

BIBLIOGRAPHIE: Bakalem A., Boukella H. et Romano J.C., 1986a. R. et 
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B-IllS 

les peuplements benthiques du port d'Aiger 
1 - les Mollusques 

A. BAKALEM et J.C. ROMANO 

ISMAL, B.P. 90, Alger-1er Novembre (Algerie) 

METHODOLOGI E Dans 1 e port d • Alger no us avons ef f ectue pendant une 
annee (novembre 81-novembre 82) des pr~l~vements mensuels niveau 
d • une stat ion. La profondeur de la stat ion est de 7, 5 m. Chaque 
prelevement represente une surface de 0,5 m2, correspondant a 6 coups 
de benne "Orange-Peel". 
RESULTATS : Au total 50 especes de 11ollusques, soit 32 Bivalves, 18 
Gasteropodes, ont ete inventoriees: ~-le maximum d'especes. ~21) en 
automne (novembre 1981) et au printemps (mal 1982), et le m1n1mum (10 
especes) en hiver. 
Lea variations annuelles de la denaite des Mollusques mettent 
evidence des pies : printanier (densite maximale de 810 individusjm2 
en mai)t estival et automnal (mains importants que le precedent) ; et 
egalement une periode hivernale ou lea Hollusques sont peu abondants 
dans le milieu. 
La preponderance des Bivalves est due a certaines especes : A bra alba, 
Corbula j,ibba, Venerupis aureus, ~ rhomboides et Cardium exij,uumayant 
des frequences, des densit<ls et des dominances elevees. A ce &roupe 
d • especes nous pouvons ajouter Dosinia lupinus et Venus verrucosa dont 
lea frequences sont elevees mais lea dominances faibles. 
Pour lea Gasteropodes seule Nassa retlculata est bien repr~sentee. 
Cependant, 11 est A noter des especes comme Hurex trunculus (Frequence 

92.30%) et Cerithium vul&atum (Frequence 69.23%) presentee 
reaulierement dans lea prelevements mala dont lea dominances sont 
falbles. 
Abra alba est consideree par Bellan (1967) comme une vaslcole 
tolera~ Hily (1983) la considere comme une espece tolerant une 
surcharge du milieu en matleres orsanlques. En bale d'Alaer, Bakalem 
(1979) signale l'abondance d'~ ~au nlveau des fonds sablo
vaseux et vaso-sableux, fonds riches en matleres organiques. 
Avec une f~equence eaale A 100, elle est une espece constante, son 
abondance ~levee lui conferant une forte dominance. C'est l'espece 
principale du groupe des 11ollusques. L'evolution annuelle de la 
densite d'Abra alba nous permet de relever : - lea valeurs maximales 
en novembre19"81(74 indi"vidus m-2 soit une dominance de 22,29 %), au 
printemps (mars, avril, mal) ou lea densites et lea dominances sont 
lea plus elevees du cycle, et en ete (julllet, aout). 
- lea valeurs minimales en hiver (decembre A fevrier) et en septembre 
et octobre c • est-A-dire A 1-a fin de 1 '<lte et au debut de 1 'automne. En 
hi ver, bien que la densi te diminue, la dominance de 1 'espece au sein 
des Hollusques reate elevee, ces deux parametres ne chutent vraiment 
qu'en fevrier (densite ~ 2 individus m-2 et dominance~ 1.75 %). 
Lea maxima de densite automnal, printanier et estival d'Abra alba 
correspondent A sea peri odes de recrutement et aux condi tiona du 
milieu favorables A l'espece. Lora de l'hiver et de la periode fin 
eta-debut automne, lea conditions defavorables ne permettent pas A 
Abra alba de se maintenlr et de se d<lvelopper dans le milieu. 
Corbulii:jji bba est classee comme espece A large repartition ecoloaique 
par Picard (1965). Bourcier ~ ~. (1979) la considerent comma une 
espece indicatrice de la zone subnormale, c'est-A-dire prolif~rant lA 
au il y a une quantite mode~ee de matieres oraaniques. 
L'~volution annuelle de Corbula j,lbba est identique A celle <1'Abra 
alba. En hiver (janvier, fevrler) Corbula est mieux representee dans 
lemilieu qu'Abra qui domine lea autres mois ; cela laisse supposer 
qu'Abra suppo~ mains bien lea conditions defavorables du milieu. 
Corbula j,ibba, se classe, selon sea densites et dominances, en 2eme 
position, en certains mois (janvier et novembre 1982) c'est l'espece 
principals du peuplement de Mollusques. 
Venerupis ~ : Bellan (1967) sianale son abondance re~at·ive. dans 
le port de Marseille dans la zone polluee. Venerupis d1spara1t du 
milieu quand lea conditions sont tree defavorables (avril et octobre). 
Le cycle annuel de Venerupis ~ suit le m~me schema evolutif que 
celul d • Abra alba et de Corbula j,lbba. I 1 en est de m6me pou~ 

Venerupis rhomboldes. 
Ca~dium exlj,uumconsideree par Bellan (1967) comme une lndlcatrice de 
pollution est presente dans taus lea p~elevements mensuels sans 
cependant 6tre dominante sauf en juln ou sa dominance (22,06 \) est la 
plus forte de son cycle et aussi du prelevement de juin. 
L'evolution annuelle de Abra alba, Co~bula j,lbba Venerupis ~ et 
V. rhomboides et Cardium exij,uum, est A l'oriaine des variations 
Observees lo~s du cycle global des Mollusques tant sur le plan des 
effectifs (abondance) que ~ep~esentatif (nombre d'especes, dominance). 
Nassa reticulata est le seul Gasteropode tres abondant. En bale 
d'Alaer, ells se rencontre su~tout sur le.s fonds sableux, et semble 
6tre une espece sabulicole (Bakalem, 1979). Nous la trouverons·dans 
lea prelevements tout au lana de l'annee. 
L'evolutlon annuelle de Nassa ~eticulata differe de cells des 
Bivalves. Contrairement a c;;;-;speces, Nassa presente un pic hivernal 
(abstraction faite de janvier) au lea effectifs sont eleves jt las 
dominances parmi lea plus fortes des Hollusques. Nous avons eaalement 
pour ce aaste~opode un pic printanier (mal, juln) at un pic en 
septembre-octobre. Lea minima enreaistres se sltuent aux mole de 
janvier, avril et juillet. 
DISCUSSION-CONCLUSION : 1' etude du cycle annual des Mollusques d' une 
station du port d'Alaer fait ressortir lea pains suivants : - rlchesse 
qualitative du milieu en l!:ollus·ques (50 especes) comparativement A des 
milieux ouverts comme la bale d'Alaer : 45 especes (Bakalem, 1979) ou 
la bale de Bou-Ismall : 14 especes (Bakalem et Romano, 1983) ou A des 
milieux similaires : Bellan (1967) ne ~ecolte que 28 especes dans le 
port de Marseille, Eraen at Onen (1983) dans leur etude du port d'Urla 
(Turquie) n'ont recense que 32 especes de l!:ollusques. - richesse 
quantitative du peupleaent de la station en Mollusques. Lea densites 
enre&istrees en certains aois sont superieures aux densites maximales 
tro.uvees en bale d'Alaer (235 individus m-2) et bale de Bou-Ismail 
(Bakalem, 1979 ; Bakalem et Romano, 1983). - Richesse qualitative et 
quantitative du peuplement en l!:ollusques en ete au pour un tel milieu 
!erme lea conditions ecoloaiques sont des plus defavorables. 
Dominance des especes comme Co~bula j,ibba, Abra alba tolerant une 
surcharge du milieu en matieres oraaniques ou Cardium exi&um, 
indicatrice de pollution. 
BIBLIOGRAPHIE : Bakalem A., 1979 "These ~ ~ cycle UBO", CIES!!: 241 p. 
- Bakal em A. et Romano J. C. , 1983 "Journ. Etud. Poll ut. CIES!!:, !:_, 687-
97 - Bellan G., 1967 "Rev.Int.Oceanoj,r.Med.", 8 : 51-95 -Bourcier H. 
et al., 1979 "Tethys", 9(2) : 103-12 - Eraen Z. et Onen rL, 1983, ! !.! 
PV CIES!!:, 28(3) : 207-8- Hily C., 1983 "Ann.Int.Oceanoj,r.", 59(1) : 
37-~ 
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B-II16 
Les peuplements benthiques du port d'Aiger 

2 - Les Crustaces 

A. BAKALEMetJ.C. ROMANO 

ISMAL, B.P. 90, Alger-1er Novembre (AigMe) 

MATERIEL ET METHODES : Lea details concernant la methodologie ont ete 
exposes dan:;;-un;-p;eml~re note (3) portant sur lea Mollusques du port 
d 'Alger. 
RESULTATS Lea 59 esp~ces de Crustacea recensees se repartissent 
alnsi : 30 Decapodea, 11 Amphlpodes, 8 Isopodes, 4 Cirrip~des et 2 
Mysidacees. Le maximum d' esp~ces se rencontre en ete et en automne. 
Lea maxima de denslte s'observent au prlntemps (4262 lndividus m-2 en 
avril), en ete (1450 lndivldus m-2 en juillet) et A un degre moindre 
en automne. Lea minima tant qualitatif que quantitatif sont enreais
tres en hi ver et au mois d 'aout. 
Lea Decapodes, presents toute 1 • annee, ont 1 eurs maxima d' esp~ces en 
ete et en automne ; le restant de l'annee correspond aux minima hiver
nal, printanier et du moia d'aoiit. Lea maxima de densite de Decapodes 
sont enregistres en automne (octobre : 84 individus m-2), en juin et 
julllet avec des valeurs plus fortes (108 et 150 lndividus m-2). Lea 
minima de densite se trouvent en hiver (4 a 12 indivldus m-2) 
printemps 1 en aoiit (24 individus m-2) et aeptembre (30 ind.m-2). 
Lea Amphipodes vlennent en seconde position, en nombre d'esp~ces, Lea 
variations du nombre d • esp~ces d 'Amphipodes sont identiques a celles 
des Decapodes. Lea Amphipodes, en hiver (janvier·, fevrler) et en aout, 
sont absents du mill eu ; 1 e maximum d' esp~ces ( 5) est note en juin et 
octobre. Sur le plan quantltatif, il apparait tr~s nettement un pic 
prlntanl er, 1 e plus important, debut ant en mars et s • achevant en juin, 
le maximum de densite est 964 lndividus m-2 conf~rant aux Amphipodes 
la dominance la plus forte (65,92 %) de mal. Et un pic automnal ou le 
maximum d' lndi v idus se trouve en octobre ( 82 indi vidus m-2). Les 
minima de densi tes et du nombre d • esp~ces sont enregistres en hi ver (0 
A 4 lndividus m-2) et en aout (0 individua m-2). 
Lea Isopodes sont presents toute l'annee. Lea fluctuations de 
letir abondance presentent un maximum fin hiver - debut printemps 
avril 4158 individus m-2, mars 1306 individus m-2 ; de ce fait, leur 
dominance eat tr~a nette (94,21 et 97,54 %) ; un maximum debut ete 
( juin- juillet) moins important ; et un minimum hi vernal (janvier et 
fevrler) et eatival (aoiit) avec des densites c'aibles, mala conferant 
toujoura aux Iaopodea des dominances elevees (63,49 A 85,75 %). Lea 
Isopodes, peu repreaenttls qualitativement sont quantitativement plus 
importants. Lea variations annuelles quantitative& des Cruatactla aont 
surtout la rtlaultante de celles des Iaopodea, principalement Apseudea 
africanua et A un degre moindre Apaeudes latreilli mediterraneua. La 
frequence d'Apaeudes africanua eat maximal• (F - 100). C'eat l'esp~ce 
principal& du peuplement carcinologique de la station. Le cycle annual 
d'Apaeudes africanus sur le plan de l'abondance, de la dominance eat 
identique A celui des Iaopodea. La denaite (4 individus m-2) et la 
dominance (7,14 %), lea plus faiblea ont ete enregiatreea en janvier. 
Lea fluctuations de la denai ttl d 'Apaeudea africanua au coura de 
l'anntle aont generalement elevees, comme par example de mara A avril 
elle passe de 1300 A 4132 individua m-2. Contrairement !..:_ latreilli 
mediterraneua est peu abondant : denaite maximale 74 individua m-2, 
d'ou sea faiblea dominances, sauf en janvier (42 individua m-2) 11 eat 
l'eap~ce principale du peuplement (dominance de 75 \). En novembre 
1981, decembre et octobre 1982 il eat inexlatant dans lea 
pre l~vementa. 
Lea principaux Amphipodes aont : Corophium acutum , ~ acheruaicum, 
et Phtisica marina ; cette derni~re tr~a abondante et frtlquente eat 
reaponaable ~fluctuations annuelles des Amphipodes. Le pic 
printanier des Amphipodea eat du A un "bloum" printanier de Phtiaica 
marina (964 indivldua m-2, dominance = 65,92 %). Phtiaica marina est 
absente du milieu en hiver et en aout, elle eat a~ ~omne 
comma 1' eat egal ement Corophium acutum 
Upoaebia tipica, eap~ce principals des Decapodea, eat aaaociee A tout 
un cort~ge d'eapecea accompagnatricea d'importance secondaire 
Paaurua cuanenaia, Macropipua arcuatua, Sirpua zariquieyi, ~ 
bolivari. Galathea atrigoaa et Paaurua callidus, qui,. certains moia, 
renforce l'importan0 e du groupe des Decapodea. Upoaebia tipica, bien 
que sea effectifa reatent aaaez f.aiblea, volt sea dominances 
augmenter juaqu'A atteindre un maximum en hiver et en aout ; sea 
fal bl ea densi ttl a ae rencontrent au prlntemps, et plus particul i~rement 
en tlte et automne. Xantho E.!.!.!.~?.!!. eat frequent dans lea prelevementa ; 
11 conatitue avec Upoaebia tipica lea eap~cea preponderantea du groupe 
des Decapodea ; son abondance reate relativement faible tout au long 
de 1 'annes, excepte en ete et en octobre ou ell e augmente sinai la 
dominance. Lea maxima de denaittl et de dominance aont 30 individua m-2 
et 5,57 % en octobre. 
DISCUSSION-CONCLUSION L'etude dynamique des Crustacea a permia de 
mettre en evidence : - la richesse qualitative et quantitative de ce 
peuplement portuaire en Cruatactla : 59 eapl!tces inventoritlea, alora 
qu'en milieu ouvert comma lea fonds de sables fins de la bale d'Alger, 
aeulement 35 eapl!tcea ont tlte recenaeea (1). Cette richeaae qualitative 
eat comparable A cella des fonda de graviera envaaea de la bale de 
Bou-Ismall (62 · eapl!tcea) (2) et tlgalement A cella des fonda du port 
d'Urla (Turquie) (61 eapl!tcea) (5). Bellan (1967) aignale la pauvrete 
qualitative (7 eapecea) des fonda meubles du port de l1araeille, en 
Crustacea. Sur le plan quantitatif, lea densites aont elevtles compares 
aux maxima de denaittls trouveea en bale d'Alger (50 individua m-2) et 
de Bou-Iamail (189 individua m-2) (2). 
- Un developpement maximal tant en nombre d'eapl!tcea qu'en individua 
des Crustacea de ftlvrier A juillet ; en aoiit, la denaite et le nombre 
d'eapl!tcea aont ll leurs valeura lea plus faiblea. 
- Lea principales eapl!tcea aont Apaeudea africanus et !..:_ latreilli 
mediterraneua, Phtiaica marina, Upoaebla ~ Xantho . ~ 
Paaurua cuanenaia, Corphium acutum et ~ acherusicum. La signification 
tlcologique de ces eapeces eat inconnue ou peu connue. Il aemblerait 
que certaines de cea eap~cea aoient caracttiriatiquea des milieux 
riches en mati~rea organiquea ou legl!trement pollutla, notamment 
Corophlum scutum, dejA signalee comae une eapl!tce dominants dana lea 
milieux pollutla, (6) et ~ acheruaicua conaidere coame tolerant& A la 
pollution (7). 
BIBLIOGRAPHIE : (1) Bakalem A., 1979 "These .!!.!, l!, cycle UBO", 291 p. -
(2) Bakalea A. et Romano J.C., 1983 "Journ.Etud.Pollut.CESl1,6", 687-97 
- (3) Bakalem A. et Romano J.C., 1988 CIESl1 (aoua presse)- (4) Bellan 
G., 1967 •Rev.Int.Oceanoar.fted.", 8 : 51-95- (5) Eraen Z. et Onen l1., 
'1983 :!.:_ .!! f..:..Y..:. Reunions CIESl1, llill.:. 207-8 - (6) Stirn J. et al., 
1975 in l1arine Pollution and marine waste disposal 307-27 - (7) 
Swartz R.C., 1972 "Chesapeake Sci", 1 auppl. : 17-41 
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Resume 

Corbula glbba (OIIvl) as a time recorder 
of environmental stress. 

A first contribution 

A.M. BONVICINI-PAGLIAI and F. SERPAGLI 

Department of Animal Biology, University of Modena, 411 00 Modena (Italy) 

On propose Ia Mtennination des classes d I llge de Corbula gibba a 1' aide de 1' ana lyse 

des "spawning breaks" pendant l'accroissement de Ia coquille. f.:_ gibba, espece 

pionniere dans Ia recolonisation des fonds meubles defaunt!!s, pourrait done etre 

utilist!!e comme "time recorder" du processus de recolonisation. 

Corbula gibba (Olivi) is one of a few long- and wide- ranging species of 

Corbulidae, assumed to appear in Oligocene times (Robba, 1968). Its morpho

functional characteristics make it is well adapted to live in unstable mixed muddy 

bottoms. Morpho-functional studies on the conchiolin layers (Levy & Samtleben, 1979) 

have shown the presence of an elastic gasket around the margins of the left valve 

pennitting hennetic closure of the valve under condition of high environmental 

stress. This allows the animal to remain isolated and survive environmental stress 

that may prove lethal to other species of the community. The inner layer of 

conchiolin protects the animal from the attack of boring gastropods. Indeed, 

biological surveys of muddy bottoms often produce samples of C.gibba having 

perforated shells but still alive; the inner layer is not attacked by the acid 

secretion of its predators. 

The peculiar characteristics of C.gibba allow it to adapt to sub-tenninal 

conditions of organic enrichment (Ghirardell i & Pignatti, 1968; Pearson & Rosenberg, 

1978; Salen-Picard, 1981). They are the first to recolonize dredged areas, when 

excessive turbidity precludes the recruitment of other species (Speech! & Ore!, 

1968; Bonvicini-Pagliai et a!., 1985). 

Thus, we were prompted to study the shell growth patterns of C.gibba in order to 

obtain information about the ecological impact of environmental stresses in polluted 

areas. 

Thin sections and acetate peels of C.gibba shell reveal a very complex microgrowth 

pattern and have very marked spawning breaks, that generally correspond to the June

September time interval. The spawning period may extend into October at the higher 

latitudes (Rasmussen, 1973; Jorgensen, 1946; Muus,, 1973; Fosshagen, 1965, Yong, 

1946). 

This first research phase was limited to studying the spawning breaks in order to 

define the age classes of C.gibba in biological surveys of previously defaunated 

areas, using a relatively easy and reproducible technique. This pennits dating of 

the start of macrobenthic succession. The interpretation of microgrowth patterns may 

provide more precise infonnation on the suitability of C.gibba for dating 

defaunation events and also on the validity of this bivalve as a time recorder of 

stress linked to environmental instability and to anthropic impact on marine 

environments . 
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B-III8 
Etude blonomlque comparative de Ia zonation vertlcale 

des Polychetes le long d'une falalse littorale 
en Medlterranee nord-occidentale 

Carlo Nike BIANCHI•, Alberto CASTELLI••, Marco ABBIAT1•••, 
Adriana GIANGRANDE•••, Claudio LARDICC1••• et Carla MORR1•••• 

• ENEA-CREA S. Teresa, C.P. 316, 19100 La Spezia (ltalia) 
•• Dipartimento di Biologia Anima!e, Via deii'UnlversitA 4, 41100 Modena (italia) 

••• Dipartimento di Scienze deii'Ambiente e del Territorio, Via A. Volta 6, 56100 Pisa (ltalia) 
•••• lstituto di Zoologia, Via Balbi 5, 16126 Genova (ltalia) 

ABS'l'RACT - CCfiP.I\RATIVE BICHJIIICAL STUDY OF THE POLYOIAETE VERTICAL ZCNATICN I:O'iN A 
LITI'ORAL CLIFF IN THE NOR'llf-WESTERN MEDI'l'EIUU\NEI\N. 

'lbe polychaete vertical zonation from 0 to 6 m depth, described by the 
cOIIIIIUility method, is consistent with the main zonation IIXldels used in the 
Mediterranean (hydrodynamical, biocoenotical and phytosociological). 'lbis favours 
the integration of such IIXldels. 

L'~tude de la zonation verticale des ~!ides Polych!tes le long d'une 
falaise rocheuse (ABBIATI, 1987; ABBIATI et al., 1987) nous a do~ l'opportunit~ 
de Coap!lrer diff~rents crit6res bionomiques et d'en discuter de fa~on critique les 
r~sultats. La falaise 6tudi6e se situe a quelques kilom6tres au sud de Livourne 

~:~~::• e~~i:~:\~~:= ~~~!t~:e d~p~~~o~~~ r;~o~=~;!1=v~~!s: 6~; 
0.1, 0.5, 1, 1.5, 2, 3, 4, 5 et 6 m. L'6chantillon de 0 m a ~t6 effectu~ juste au 
dessus du "z&ro biologique" (BCX.JDCXJRESOUE et CINELLI, 1977). 

D'apr6s !'analyse quantitative de la distribution des 97 esp6ces r~colt~s au 
total dans les diff6rents 6chantillons, on peut reconnattre trois peuplements de 
Polych6tes se succ~t avec la profondeur: le premier dans le mediolittoral 
( 0 m), le second dans 1' infrali ttoral s~rieur ( 0.1 a 1 m), le troisi~me dans 
l'infralittoral "inf6rieur" (1.5 m jusqu•au fond). Ces peuplements ayant ~t~ 
distingu~s sur la base de donn~es quantitatives, on les a assimil~s a des 
cOIIIIIUilaut6s sensu PETEIISEN (1913) et I!OIIIII!s d'apr6s l'esp6ce dominante: on a done, 
dans l'ordre, une COIIIIIUilaut~ a syllis amica, une cOIIIIIUnaut~ a 'PlatJ;n.tMeiA 
dume;U_j_j_j_ et une A 5p'tatM041J-.lli.A hy4VI.i.x. 

Cette zonation a et6 ensuite compar~e avec celle qui pouvait §tre pr~we 
d'apr6s quelques approches bionomiques dont l'usage est courant en M6diterr~e. A 
savoir: 
- Zonation hydrodynamique selon RIEDL ( 1964) : le long de la falaise on a reconnu, 
au dessous du "niveau des eaux calmes", la zone a "JOOUVements multidirectionnels" 
sui vie par la zone A "mouvements oscillatoires", les deux 6tant separ6es par la 
"premi6re profondeur critique". 
- zonation des biocoenoses selon PERES et PICARD ( 1964): on a distin~ les deux 
biocoenoses-type de la Roche Mediolittorale Inferieure (R.M.I.) et des Algues 
Photophile& (A.P.); la derni6re embrasse les deux cOIIIIIUilaut~s ann~lidiennes 
infralittorales, ce qui ne justifierait pas leur distinction. Cependant, BELLAN et 
MARII'«)PCXJLOS ( 1981), toujours en travaillant sur les Polych6tes, avaient ~jA 
suppos6 !'existence d'une biocoenose des Algues Photophile& "Profondes". 
- Zonation des associations algales: suivant GIAC~ (1973) on a bien distin~, 
lors des pr6l~vements, le _!!_eog.orU.oli;tho-LU:fwp'tiJ-iletum :totduo4i. dans le 
mediolittoral, le Cy4:to4<UA.etum 4:tA.i.ctae dans l'infralittoral sup6rieur (frange 
infralittoral des phytosociologues?) et le Cy4:to4<UA.etum Cll.i.rU:tae au sens large 
dans le reste de la falaise. 

Cette COIIIpllraison est report6e de fa~on synoptique dans le tableau suivant: 
on voit qu' il y a une tr~s bonne correspOndance ~n~rale, malgr~ les differences 
conceptuelles entre les crit6res consider~s. 

I INFRALITI'ORAL I INFRALITI'ORAL 
Etages MEDIOLITI'ORAL I SUPERIEUR I INFERIEUR 

I (frange?) I 
I I 
I I 

Profondeur "z~ro biologique" I 0.1 A 1 m I 1.5A6m 
I I 

COIIIIIUilaUt~s A Sy.lli.A ami.ca I A'Pl~~ I A Sp'tatMo4y.lli.A 
de polychlltes I I hy4:tn.lx. 

I I 
Zones hydrodynamiques Ruhewasserspiegel I BRANCUOOSZCNE I SCI!WI!GHiZCNE 

I I 
Biocoenoses R.M.I. I A.P. I A.P. profondes? 

I I 
Neo:;orU.oli..i:ho- I Cy-1:to4<UA.eXu!n I Cy4:t04eVI.eXum 

Associations algales LU:h.o p't~J-iletum I 4bt.i.c:tae I Cll.i.rU:tae s.l. 
:totduMi.l I 

Ce r~sultat nous permet trois consi~rations: d'abord il nous d~montre que 
les Polychlltes sont des "descripteurs efficaces" de la zonation benthique sur 
substrat dur, refl6tant fidUement les IIIOdifications du milieu ambiant; en outre, 
il souligne encore une fois que la zonation benthique est en relation avec 
plusieurs facteurs diff~rents (hydrodynamisme, lumi~re, couverture algale, etc.) 
et que les approches dites "monofactorielles" sont par trop simplificatrices; 
enfin, il au~re qu•un 11110d6le de synth!se, int~grant les diff~rentes approches 
dont on vient de vtrifier la coh~rence, pourrait 8tre ~lopp6. Cet effort 
d• int~gration sera, A notre avis, le d6fi pour les bionomistes mediterr~ens dans 
les prochaines annus. 
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B-III9 
Structure of a Red Coral population 

Giovanni SANTANGELO, Marco ABBIATI and Giuseppe CAFORIO 

Dipartimento di Scienze deii'Ambiente e del Territorio, 
Via Volta 6, 56100 Pisa (ltalia) 

RESUME - ON A ANALYSE LA STRUCTURE D 
1 

UN PEUPLEMENT A CORALLI UM 
RUBRUM I NSTALLE SUR UN CONCRET I ONEMENT ORGANOGtNE. l.LI PRESENCE DE 
NOMBREUSES JEUNES COLONIES PRtS DES I NDI VI DUS MORTiS DENOTE UNE 
HAUTE CAPACITE DE RENOUVELLEMEF,T DE CE PEUPLEMENT, 

A STUDY ON A RED CORAL (CORAL LI UM RUB RUM l. ) POPULATION 
DWELLING ON A ROCKY, SEMICIRCULAR CLIFF 1 FROM NNW TO S, LOCATED 
BETWEEN 22 AND 40 M IN DEPTH IN THE LIGURIAN SEA (43"30 1 LAT.N, 
10"20' LONG.E) WAS CARRIED OUT BY SCUBA DIVING • THE DATA HERE 
ANALYZED Dl FFER FROM THOSE IN THE FAO fISHERIES REPORT ON RED 
CORAL RESOURCES (1984) AND IN THE WORK OF GARCIA-RODRIGUEZ AND 
MASSO ( 1986) THAT REFERS TO COLONIES SELECT! VEL Y COLLECTED BY 
PROFESSIONAL FISHERY, 

THE TEMPERATURE IN THE SAMPLING SITE, RECORDED DURING THE 
WHOLE YEAR RANGED, AT 35 M IN DEPTH, BETWEEN 20" C IN OCTOBER AND 
13" C IN MARCH. 

A PREVIOUS PHOTOGRAPHIC SURVEY SHOWED THE SETTLEMENT OF CORAL 
ON THE VAULT OF ALL THE CAVITIES VARIOUSLY ORIENTED; A SUCCESSIVE 
ANALYSIS OF THE POPULATION PERFORMED ON PHOTOGRAPH WAS NOT 
POSSIBLE BECAUSE THE HIGH DENSITY OF SPECIMENS DID NOT ALLOW TO 
DISTINGUISH EACH COLONY (SANTANGELO & ABBIATI, IN PRESS). 

IN ORDER TO ANALYSE THE STRUCTURE 
OF THE POPULATION NINE 0.2X0.2M 
QUADRATS LOCATED IN THE KNOTS OF A 31M 
DISCONTINOUS GRID AT 31, 33, 36 
METERS OF DEPTH AND ORIENTED AT 
50" (A), 90• (B), 140" ([) WERE 33M 

SCRAPED, ON THE BAS IS OF A FIRST 
ANALYSIS OF FOUR SAMPLES (A3L A33, 
B36, C31: FIG.l) AN AVERAGE DENSITY 36M 
OF 1050w2 (SD 7.39), LIVING 
COLONIES AND OF 212.5M-2 (SD 10.38), 
DEAD COLONIES WERE FOUND, THE 

FIG .1 

BASAL PART OF THE COLONIES IS SETTLED ON BIOGENIC CONCRETION IN 
WHICH POL YCHAET TUBES ARE THE MAIN AND MOST COMMON COMPONENT 
(76% OF THE SPECIMENS) PATCHED WITH PORIFERA (23%), DEAD CORAL 
COLONIES <12.5%) AND BRIOZOA (12.5%) , 

THE MEAN WE I GHT, BASAL DIAMETER AND HEIGHT OF THE COLONIES 
WERE OF 0.39 GR (SD 0.37), 3.28. MM (SD 1.36), 3L81 MM (SD 14.32) 
RESPECT !VEL Y, THE D I STR I BUT ION OF THE VALUES OF THESE THREE 
PARAMETERS ARE REPORTED IN FIG, 2, 

N"C 50 

40 

30 
w H 

20 

I ill 10 I. 1'' I'' 
0.9 1.8 gr. 1 7 .... 0 30 60 ..... 

FIG.2 - D I STR I BUT ION OF WEIGHT (W), DIAMETER (D) AND HEIGHT !H) 
OF THE COLONIES, 

THE CORRELATION COEFFICIENTS OF 
WEIGHT (W), DIAMETER (D) AND HEIGHT w 
(H) WERE FOUND TO BE HIGHLY 
SIGNIFICANT P<O.OOl <TAB .1), THE w 
SMALLEST SIZE CLASS, .COMPOSED OF 
SPECIMENS SHOWING 1-3 POLYPS, 0.756 
AMOUNTS TO ABOUT 15% OF THE 
POPULATION. THE HIGH PERCENTAGE OF 0.761 0.698 
THESE YOUNG COLONIES, WHICH ARE 
LIKELY NEW SETTLED, SUGGESTS A HIGH TAB.l 
RECRUITMENT CAPARILITY FOR THIS 
POPULATION, 

THE NUMBER OF BRANCHES AND KNOTS SEEMS TO BE REGULARLY 
D I STRI BUT ED ALONG EACH COLONY ON THE BAS IS OF A CONSTANT DISTANCE 
UNIT, 0.5 CM, OR A MULTIPLE OF IT. 

TO SUMMARIZZE THIS POPULATION IS SETTLED ON A BIOGENIC 
CONCRETION, IN ALL THE SHADED CAVITIES AND IN EVERY DIRECTION. 
THE SMALL SIZE OF THE COLONIES AND THE PRELIMINARY OBSERVATIONS 
OF THE GROWTH RINGS (UNPUBLISHED DATA) PERMIT US TO SUPPOSE THAT 
MAX I MAL AGE OF THE CORALS DOES NOT EXCEED 7 YEARS, THE HIGH 
NUMBER OF YOUNG AND DEAD COLONIES INDUCE US TO BELIEVE THAT THIS 
POPULATION RENOVATES AT A HIGH RATE. 
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B-II2o 
Distribution du macrobenthos du delta de I'Ebre (NE Espagne) 

D. MARTIN, C. PALACIN, A. CASTELLON et LL. CROS 

lnstitut de Ciencias del Mar de Barcelona (C.S.I.C.), Passeig Nacional Sin, 08003 Barcelona (Espana} 

Lo2 gr.:;:~di~I<:: <ofl'::· :.s. 

tr.:J:;ve~·?. :...~ f:•JX ruGye:~. 

l)E:,GADO, 103? j. 

..i'ur. 3':11. 8-!: .i'dutr~s av~.:: m>J:r.~ J'un 2.}!. or.~::.: 

-2.st do? 38 millions r.il? m, ptO::'n.:ian"t ~·.;re :.~AXF ~:: 

Jons ·:~ travail :a di.5tri Out ion du ma•::robentho::5 en r~la.tion o·.r<:?•: ,jj_ ;· f-=r.:-r.~.·::. 
fa.::tP.urs du mi i i~u e-.;;t etudi.?~. 

Mi:'fHOUOLOG IE 
Juillet un e•.:hantillonnag~ sur 24 stations du Delta \Fig. a .;:t2 te.:>~is.::. 

Dans •:ha.;une des carottes (Cor85) de diffex-B-nts diam~i-_re-5 ont o::tt: pr.::i.::·.;~~s 

et lE macroberl'i:ho:;:, pourcentage de mat tere organiqu~ tat a l~ et lo. ~r an:....l.:.m>?::r;-=-
ont 8to? et1;di€-es 

FIG. 1.- Pourcentages de matiere organique FIG. 2.- Granulometries (:4 fines). 
total. 

FIG. 3.- Nornbre d' 2x2mplaire-s :-: t:-m--". riG. 4.- DiverBib? dndex Shanon-tJeb.:rJ. 

Pour la caracterisation des communautes mat:robenthiques on a considere le nombre 
total d 1 exemplaires et la Diversit~ Onde-x de Shannon-\lever). 

RESULTATS ET DISCUSSION 
Les groupes du macrobenthos etudies, sont resumes dans le Tableau I. 
La distribution du pourcentage de matiere organique totale, du pourcentage de 

fines, du nombre ct•exempaires et de la diversite sont synthettsees dans les Fig. 1, 
2, 3, et 4, respectivement. 

GROUPES x 1 f(24) GROUPES x 
Polychetes 108.25 24 Harpacticoides 2 
Gasteropodes 1.8 8 Tanaidaces 16.5 
Bivalves 15.87 23 Ostracodes 2.67 
Amphipades 29.35 23 ~ 1 
Phoronidiens 40.5 18 Nematodes 1 
Holoturies 2 2 Isopades 6.11 
Cnidaires-1 1. 75 Oligochaetes 31 
iemertes 2 Briozoaires 1 
Ophiures 8.14 Larves Decapode 1.67 
Cumaceo::-s 4 11 Xysidaces 3.5 
sponges 2. 71 7 Hydrozoaires 
Si puncu 11 des 1 6 Cnidaires-2 2.67 
Ascidies 5 

TABLEAU I.- Graupes de Jtacrobenthas. X: Nombre moyen 
d' exemplaires par echantillon (200 em"). f (24): 
Frequence (nombre d'echantillons). 

lf(24> 

7 

La zone au la sedimentation es1: 1a plus grande et ...:::elle aU le nombre 
d 1 exemplaire::; est 1~ plus petit ..:::oincident; les deux sui vent le gradient des apports 
d'eau douce. A la peripherie de l'aire d'influence de ce::; apports on trouve deux 
zones aU les apports de mati~re organique n' arrivent pas directement et, en ~~ 
temp::;, la concentration du nombre d'exemplaires est. la plu:S haute. On peut d.6finir 
deux aires de distribution du ma.crobenthos: une •::entrale, en relation avec la sortie 
vers la mer <milieu plus instable), oU les popl.llations avec.:: une haute den::;itt? de 
macrobenthos ne peuvent passe developper; l'autre a une stabilite plus elevee, qui 
permet de maintenir des populations plus nombreuses <probablement avec au.:une eopBce 
particuii>?rement abondante). On peut voir encore une ti-oisieme zone plus restr>:!inte, 
a droi te de la baie, au on trouve des valeurs de densi tf! de ma.:robenthos tres 
elev.?es. Elle ne peut pas etre comparee au model preo?dent car la diversit8 est au·3-s:!. · 
~levBe ( 11 n' y a au.:une esp€we domtnante). 

La zone ·.:Bntra le de la bate est la plus _profonde et elle a ie:; :3ed.i rnent,3 les 
plus fins. Eile correspond aussi a la zone avec les plus grands d~pOts t.i~ matiere 
organique tota1e. On y trouve des populations avec un peu mains d'exemp~air12s du 
macrobt:;nthos, Ill.'li-5 on peut y observer un l~ger accroisse:ment de la diversi b:!. l.e 
milieu n' est pas :~i strict; i l n' y a pas des populations :::;pe•: l f ique·:., et ,;e~3. per moat 
l' etabl issement d' aut re-s populations ave-(: une grande variete d' m·ganis~,::; Par 
consequent 1 la diversite est plus ~levee. 
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B-II21 
Etat actuel des connalssances sur Ia faune benthlque 

du secteur Bulgare de Ia mer Noire 

T. MARINOV' et V. GOLEMANSKY .. 

• lnstitut des PAches, 9000 Varna (Bulgaria) 
•• lnstitut de Zoologle, 1000 Sofia (Bulgaria) 

En resultat des recherches faunistiques dans le secteur bulgare de la Mer Noi
re, effectuees au cours des 80 derni€:res annees on a identifie au total 2259 esp€:

ces animales. Parmi eux la plupart sent des invertEibres et seulement 166 esp€:ces 
appartiennent au groupe des Chordes (Tableau 1). 

Groupe a Valkanov 
taxonomiques (1957) 

Protozoa 348 

Porifera 29 

Coelenterata 39 

Plathelmintes 36 

Nemathelmintes 33 

Annelides l07 

Rotatoria, Nemert ini, 
Gastrotricha, Kyno-
ryncha etc. 77 

Bryozoa 12 

Mollusca 122 

Arthropoda 415 

Echinodermata 

Chaetognatha 

Chordata 151 

TOTAL 1375 

Valkanov & 

Marinov 
(1964) 

35 

16 

22 

17 

43 

12 

152 

Tableau 1 

Marinov & 

Golemansky TOTAL 
(1988) 

292 675 

29 

41 

17 58 

83 116 

17 140 

19 119 

20 

142 

288 746 

83 166 

731 2259 

Parmi les 6 75 especes de protazoaires environs, 22% sont des formes benthiques. 
Il s 'agit plus exactement de foraminiferes ( 43 especes), de thecamoebiens psammo

biontes (45) et d'infusoires mesopsammiques (60), habitant surtout le littoral et 
les eau sauterraines du sable supralittoral. 

Les Poriferes habitent, en general, le littoral rocheux. La forme typique du 
fond vaseux c' est Sycon cilia tum (biocenose de Modiola phaseolina). Parmi les Co.=_ 
len teres (41 especes) les plus abondants on trouve les Hydrozoaires. Il est in teres 
sant de noter !'observation de Lucernaria campanula dans les champs de Cystoseira -

avec une abondance de 600-700 exfm2. 

Dans le benthos littoral les vera sont assez abondants (433 especes au total). 
Ils sont repandus du supralittoral jusqu' a la zone du H2S. L' abondance de Nematodes 
est de plus d'un million ex/m2.' 

Le groupe des Mollusques (142 especes) represente plus de 90% de la biomasse 
du zoobenthos. La biomasse de l'espece dominante Mytilus galloprovincialis s 'est pro 
gressivement re""duite au cours des derniEires annees a cause du gastropode carnivo-
re importe Rhapana thomassiana. Mya arenaria et Cunearca cornea sont de nouveaux mol 
lusques benthiques dans le secteur bulgare avec une abondance qui augmente. C. Cor-

nea a ete signalee pour la premiere fois dans notre secteur en 1983 et maintenant 
~ abundance atteint 4000 ex/m2, avec une biomasse de 4280 g/m2. Au-dela de 60 m 
predomine Modio1a phaseolina (plus de 11000 exfm2 et une biomasse d 'environ 710g/m2). 

Dans le groupe des Crustaces predaminent les Harpactica!.des (204 especes). Leur 
abondance dans la biocenose de Cystoseira barbata depasse 850.000 ex/m2. Les Amphi
podes (Pleanexes gammaroides, Amphithoe ramondi, Stenothoe monoculoides etc.) attei 
gnent plus de 80.140 exfm2 .avec une biomasse d'environ 1.4 g/m2. -

Parmi les Echinodermes,on trouve 4 especes. La plus commune est Amphiura stepa
novi, habitant le fond vaseux a une profandeur de 50-60 m (environs 400 ex/m2). Dans 
les meme conditions vit l'espece Leptasynapta inchaerens. 

Branchiostoma lanceolatum, consiel~ree il y a UQ.e dizaine d t annees comme un ele 
ment rare du littoral bulgare et trouve maintenant en plusieurs endroits a une pro=
fondeur all ant jusqu' a 25 m avec une abondance de 1130 ex/m2. 
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B-1122 
Etude morphologique et croissance de Pinna nobllis L 

(Mollusque Eulamelllbranche) 
dans le pare national sous-marln de Port-Cros (Var, France) 

J.C. MORETEAU• et N. VICENTE•• 

• Laboratoire de Zoologle, Universite de Paris-Sud, 91405 Orsay (France) 
•• CERAM. Faculte des Sciences et Techniques Saint-JerOme, 13397 Marseille Cedex 13 (France) 

La protection quasi-totale des eaux du Pare National de Port-Crvs (V::.r, 
France) permet a certaines especes menacees de prosperer ou simplement de s' y mainte
nir. C'est le cas du Mollusque Eulamellibranche Pinna nobilis .L. A L'onie de l'anse 
de la Palud, une population de cette espE:ce est suivie depuis dix ans (Vicente,. et 
::zL, 1980). En 1969 ce sont 122 individus qui ont ete recenses sur le champ. La zone 
etudiee couvre un hectare environ. Originellement le fond devait etre occupe par un 
herbier de Posidonia oaeanica 1 celui-ci est actuellement trE:s degrade, voire ineKis
tant. Par la suite, la prospection s'est elargie permettant d'etendre la zone d 1 etu
de de l' isobathe - 10 a l' isobathe - 35 metres. 

L' etude porte sur des mesures faites in situ 8. 1' aide du scaphandre auto
nome. Cette technique, bien que contraignante, est la seule qui permette d'epargner 
1 'espiace. 

1. MORPHOMETRIE DE PINNA NOBILIS L. 

Pour chaque individu nutnerote, des mesures ont ete. effectue.es au me.tre
ruban et au compas. Pour deux dimensions (largeur maximum L et largeur au niveau 
du sediment 1 -voir Figure 1) les deux methodes ont ete utilisees. On obtient ainsi 
Lm, et lm pour les mesures faites au metre-ruban et Lc et lc pour les mesures faites 
au compas. Outre ces mesures, la hauteur to tale au-dessus du sediment Hs et la dis
tance entre le sommet de la charniere et le sommet des valves D sont no tees. 

-f-----Hmax•JI,J,------, 

Figure 1 • Morphometrie de la coquille 
de Pinna nobilis L. 

/~;:---
;· Ht•M,J(t-•-I.ISJ(t•I,U~ 

La hauteur Hs varie en fonetion de 1' enfoncement de la coquille dans le 
sediment. Elle ne peut done etre utilisee comme mesure de la taille de l'animal. A 
l'aide de valves mortes recoltees au cours des diverses plonge.es, nous avons prati
que les mesures citees et cherche la meilleure relation qui les liait a la hauteur 
totale H.r· La relation finale retenue est : 

(1) log HT • 0,593 log H
5

- 0,088 log Lc + 0,361 log lc + 0,679 avec un coefficient 

de correlation de r. 0,996. 

2. CROISSANCE 

Bien que le suivi de la hauteur totale ait e.te fait durant 10 ans, les 
mensurations faites sur chaque Pinna ne permettent pas de calculer directement la 
croissance. En effet, la fragilite des coquilles et 1' abondance des epibiontes ren
dent difficile une estimation de la croissance uniquement mise en evidence a par
tir de l'evolution de la taille totale (l-loreteau et Vicente, 1980). De plus, tous 
les animaux etant de grande taille, done probablement en fin de croissance, les 
variations de taille sent souvent masquees par les variations aleatoires • 

L'utilisation de:s valves rnortes perm.et d'observer l'histoire de l'animal. 
En effet, celles-ci presentent les empreintes successives du muscle posterieu::-~ 11 
existe une bonne correlJ.tion entre Hr et la. distance qui separe la pointe de la 
coquille de la derniere empreinte P : 

(2) log P • 0,864 log HT- 0,091 avec r • 0,927 

Puisqu'il s'agit de valves, c'est la hauteur totale vraie qui est utilisee 
et non la hauteur to tale calcultie selon 1 t equation (I). On postule que la relation 
est la meme pour chaque empreinte et qu' il s' est S.coule le mime laps de temps entre 
dau.x empreintes consecutive::;.. En trans formant toutas les valeurs de P en ~, on peut 
appliquer la :nethode de Ford-Walford (~-/alford, 1946). On.obtient : 

(3) l!.rct+l) ~ 0,949 '1:Ct)+ 4,41 avec r • 0,995. 

La pente et l'ordonnee a l'origine de cette droite permettent de calculer 
les parametres du modele de von Bertalanffy (von Bertalanffy, 1938). 

Hmax • 4,41/1 - 0,949 • 86,3 em, k •- log 0,949 • 0,0525 

t
0

- 0,222 en prenant l'hypothese d'une taille de ponte de 1 em. 

Par ail leurs, l' observation de tres jeunes individus, dont nous connais
sioos 1' age, nous a permis de correler le facteur temps du modele avec 1' S:ge vrai en 
mois. Le modele retenu pour decrire la croissance d.e Pinna nobiZ.is est done : 

(4) '1: • 86,3 (1 - e-o• 053 (t- 0 • 222 )) avec t • 4,35 mois. 

Comme 1' etablissement de ce modele a necessite de fa ire un certain nombre 
d'hypotheses, il est indispensable de verifier qu' il s' ajuste bien aux observations. 
Pour un animaldonne on calcule a l'aide de l'equation (1) la taille Hr initiale et 
la taille HT apres un certain nombre de mois. A partir de la taille initiale, on cal
cule la taille thearique que cet animal devrait avoir apres le nombre de mois consi
deres par application du modele de von Bertalanffy, soit HTh (fig. 2). 

Ce calcul n'est fait que pour les animaux ayant presente une croissance 
aussi faible soit-elle. Les intervalles de temps consideres vont de 6 a 85 mois ee qui 
nous permet de considerer une grande part de la duree de vie theorique de 1' espi!!ce. 

On obtient la relation suivante : 
(5) '1:h • 1,02 '1: - 2,81 avec r • 0,0904. 

Une comparaison de la pente obtenue avec la pente theorique de 1 ne montre 
pas de difference significative. L' ordonnee a 1' origine, qui devrait etre egale a 0, 
peut etre consideree comme etant de 1' ordre de 1' approximation admise. Le modele chao
rique s' ajuste done aux donnees observies. 
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Observations on growth and sexual maturity of 

Balanus amphitrite (Darwin) and Balanus eburneus Gould 
In field and laboratory 

S. GERACI•, V. ROMAIRONE• and C. FASCIANA•• 

• lstituto per Ia Corrosione Marina dei Metalli, CNR, Genova (ltalia) 
•• lstituto di Zoologia, Universitil, Genova (ltalia) 

Resume - Le delta du Po est un milieu plus favorable pour la croissance de Balanus am

phitrite que pour celle de B.eburneus. Au contraire la maturite sexuelle et le develo.P 
pement des embryons est plus rapide pour la premiere esp6ce dans le port de Genes et 

aupres du laboratoire. 

The growth and development of embryos of: two conunon Barnacle species has been st~ 

died for short periods in two different environments: the port of Genoa and a lagoon 
of the Po river delta. Data were compared with those obtained from the two species 

reared in the laboratory under controlled conditions of salinity, temperature, set

tlemertt density and diet (Romairone et al. 1988). 
In the period July-September, when the fastest growth rate of both the Barnacle 

species was observed in the port of Genoa (Relini and Relini-Orsi 1969) and in the 
Po river delta (Relini and Fasciana 1982), monthly and trimestrial panels were col

lected. 
The analysis of the Barnacle populations, during July and July-September (fig.l) 

shows that on the trimestrial panels of the Po river delta the dimensional class of 

maximum frequency for B.amphitrite is 12 mm of rostro-carinal b8sal diameter, while 

for B .. eburneus is about half, also if for longer times this species, better adapted 

to the lagoon environment, becomes larger and overcomes the size of the first one. 
Moreover B. eburneus settles more abun9antly and for a longer period (Fa$ciana et~ 

al .. - ·1988). On monthly panels of the port of Genoa B.eburneus does not succeed in rea 

ching 6 mm while B. amphitrite exceeds 9 mm. Trimestrial panels in the same environ-
ment, confirm the best B. amphitrite growth rate. In the Po river delta, an environ

ment with more remarkable aline change and higher temperatures, it is possible to r~ 
cord the-most important growth rates: B. eburneus, during one month, shows a growth 

re.te double to that in the port of Genoa. 
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Fig.l B.amphitrite and B.eburneus in Genoa port and in the Po river 

delta. Settlement percentages on monthly and trimestrial panels, be
ginning from the class of maximum frequency to that of maximum size. 

During the three months, the maximum diameter is 17 mm for the two species, a.lso if 

numerically B.amphitrite is by far less abundant. 
Barnacle species growth differences on the three months panels are less important 

in the port of Genoa also if B.amphitrite is always the fastest growing species. 
In fig.2, where Barnacle of' the two natural environments are compared with those 

reared in the laboratory, one can notice that B .. eburneus, in the Po river delta, 

grows better during the first month, when intra or interspecific subs·tratum competi
tion has not yet established. In the laboratory, where substratum competition is avo

ided, growth is con.tinous and regular for all the three months although this species 

never achieves sexual maturity. B.amphitrite, on the other hand, shows in the Po ri-

ver delta a continous growth~ which is more important than in the port of Genoa 

and in the laboratory cultures. 
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Fig.2 B.!llll!?hitrite and~ growing curves after one and three 
months in Genoa port, in the Po river delta and in the laboratory cul
tures. Data are referred to mean values and to upper and lower P.95% 

confidential limits. 

--
Concerning sexual maturity and embryos development (table 1), it seems that B.ebur
~ finds its best cond'1tions in the mesoaline environments of the lagoon. On the 

contrary B.amphitrite, fastly reaches its sexual maturity in the laboratory and in 
the port of Genoa, while in the delta it seems that a higher growth rate is at the 
expence of sexual maturation rate (Bourget and Crisp 1975). 

species 
B.amphitrite 

A ·a C D species 
94 6 

9 82 8 

30 50 20 

B .. eburneua 
0,2 " 

A 8 C D 

41 6 26 'Zl 

43 55 2 

100 

Table 1- Sexual maturity and development of embryos percentages in B. 

amphitrite and~- A:seminal vesicules and ovary not visibl;; 

B:seminal vesicules well visible; C:ovary with oocytes; D: embryos. 
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B-Il24 
Bllan des connalssances sur Ia faune profonde 

d'Amphlpodes en Medlterranee : ses Implications 
sur l'hlstolre et Ia zonation de cette mer 

Denise BELlAN-SANTINI 

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

Le bilan des conna~ssances sur les Amphipodes de Mediterrannee est en 
cours d'tHaboration. La faune globale s'tHeve actuellement a 413 especes et 
3 sous especes ( auxquelles il convient d' aj outer quelques especes en cours 
de publication) , ce qui represente environ 8' de la faune mondiale d' Amp hi
p<>des. On compte un peu plus de 190 endemiques ( environ 46'), ce chiffre 
aura tendance A baisser au fur et a mesure du developpement des etudes dans 
l' Atlantique-est mais rester a malgre tout eleve a cause de la biologie et du 
mode de dispersion du groupe qui entraine partout dans le monde un fort 
endemisme. 

On cons iderera comme espece profonde au sens large, toutes les especes 
signa lees au dela de 150m de profondeur. leur nombre s. eleve a 154 (37' 2% 
FT) appartenant a 89 genres et 25 familles. Parmi ces especes 49 (10, 9% FT) 
ne reman tent pas au des sus de 150m, 31 d' entre elles sont endemiques. 

Du point de vue biogeographique, parmi ces 154 especes profondes au sens 
large, on compte 71 endemiques (46,1% FP) taux comparable a celui existant 
dans la faune amphipodologique totale; 70 especes (45,5' FP) Atlanto-Medi
terraneennes, ce qui confirme 1' importance de 1' affinite Atlantique-Mediter
ranee, mais ne prejuge pas de 1' existence des flux ayant pu exister dans les 
2 sens et du peuplement simultane de ces deux zones. Par contre la presence 
sur les 15 especes ne remontant pas au dessus de 400m, de 3 especes communes 
a 1' Atlantique et a la Mediterram\e, en plus de 12 endemiques, pourrait 
laisser envisager l'existence d'un peuplement commun avant "fermeture" du 
detroit de Gibraltar. 4 especes sont considerees comme cosmopolites, ce qui 
est un taux tres faible mais tout a fait normal dans le groupe 

I1 semble que 1' on puisse soutenir 1' hypothese d' une affini te certaine 
avec l' Indo Pacifique, basee sur les donnees suivantes: 
-8 especes sont communes entre 1' Atlantique , la Mediterranee et 1' Indo
pacifique 
-1 espece est commune entre la Mediterranee et le Pacifique, 
-plusieurs genres presentant des endemiques en Mediterranee ne sont re-
pn\sentes que dans l'Indo-Pacifique: Ensayara (5 especes dont 4 pacifiques), 
Arculfia (1 espece avec 2 sous especes dont 1 pacifique), Pardaliscoides (4 
especes dont 2 pacifiques. 1 pacifico-mediterraneenne et 1 mediterraneen
ne) ,Prachynella (2 especes dont 1 mediterraneenne) , Pleust:oides (4 especes 
dont 1 mediterraneenne). De plus parmi ces genres, Pardallscoides et Ar
culfia sont pro fonds. 

L' ensemble de ces donnees eliminant la plupart des introductions 
accidentelles permet de soutenir , en ce qui concerne la Mediterranee, un 
schema de peuplement faisant coexister: 
-des especes de la faune de la Tethys. 
-des endemiques specifiees a partir de genres Indo-Pacifiques et pour 
certains de ces genres, en milieu bathyal done necessairement dans des 
fosses relictes lors de la "c~;ise salee" du Messinien. 
-d 1 un grand nombre d' especes endemiques issues d' ancetres communs avec 
1' Atlantique et le Pacifique. 
-d'un fort taux d'especes communes avec !'Atlantique ne sous-entendant pas 
necessairement le repeuplement en sens unique Atlantique -Mediterranee, mais 
laissant subsister la possibilite de toutes les autres modalites compte tenu 
qu • en Atlantique, certaines especes sont strictement limitees a la zone 
lusitanienne. 

Du point de vue bathymetrique on peut considerer que si 1' on situe a 150-
200m la limite du plateau continental,64,6% de la faune de Mediterranee est 
limitee au plateau continental, 11,4% a ete recoltee au dessous de l'isoba
the des lOOOm mais seulement 2, 2' ne remonte pas au des sus de cette 
profondeur On a done un groupe vivant a la fois sur le talus et· dans la 
plaine bathyale qui contient des vasicoles au sens large et des especes 
bathyales communes a l'Atlantique et a la Mediterranee.. L'existence d'un 
stock d' Amphipodes strictement bathyaux comprenant de nombreuses especes 
endemiques, ne fait plus aucun doute (Bellan-Santini 1983,1985) compte tenu 
de l'importance du nombre d'especes benthiques recoltees au dela de lOOOm, 
mais aussi de la presence parmi e11es d' especes appartenant a des genres 
voire des familles strictement bathyales ou abyssales: genres Lepechinella, 
Onesimoides, Valet:t:iet:t:a, Arculfia, .. famille des Pardaliscidae. 
En ce qui concerne 1' existence d' especes abyssales et si 1' on prend en 
compte l'argumentation developpee par Peres (1985) qui retient ,dans le cas 
particulier de la 'Mediterranee,davantage les conditions ambiantes (condi
tions trophiques) et les variations de faune que la limite bathymetrique de 
3000m (Peres 1982), on doit considerer qu'il existe un stock d'Amphipodes 
abyssaux comprenant au moins les 5 especes qui ne remontent pas au dessus de 
2000m : Normanion abyss! (2368m), Scopelochei.rus polymedus (2400m), 
Syrrhoites cornuta (2520-2626m), Tryphosella dilatata (2276-2660m), 
Syrrhoites capricornia (2720m) auxquelles on peut peut-etre ajouter 
Onesimoides mediterraneus (1900-2420m). L' existence de ces especes que 1' on 
peut qualifier d' abyssales au meme titre que certains Polychetes (Chardy et 
al 1973), Cumaces (Reyss 1972,1973), Tanaidaces (Kudinova-Pasternak,l983) ou 
Isopodes (Pasternak 1983) ne peuvent cependant pas dans 1' etat actuel de nos 
connaissances nous permettre de conclure A l'existence d'une biocenose 
structuree dans un etage abyssal bien delimite ,mais plutOt a des elements 
abyssaux en mosaique, peut-etre en enclave dans le bathyal . 
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B-II2s 
Peuplements a Bryozoalres sur Lamlnarla rodrlguezil Barnet 

(Banco Apollo, Ustlca) 

ltalo 01 GERONIMO, Antonietta ROSSO et Rossana SANFIUPPO 

lstituto di Scienze della Terra, Universita, Catania (ltalia) 

The Bryozoans associations of the Laminaria rodriguezii Herbier develop
ping on the Banco Apollo, near Ustica have been analysed. The L. rodriguezii analysis 
shows that the Bryozoans and other epiphytes are preferentially concentrated on the 
old parts of fronds and along the borders of the youngest ones. collectively we have 
found 57 species of Bryozoans. Two different associations have been distingueshed. The 
first one, on the fronds, is caracterized by the occurence of Celleporina hassalli, 
Chorizopora brongniarti and a few nwnber of other species. The holdfast:. associat:.ion, 
in contrast, contains hight percentages of Puellina gattye and Micropora coriacea. It 
is suggested that the factors controlling the composition and the st:.ructure of the en
visaged associations are prevalent-ely : 1) the light reduction from fronds to rhizoi
des and 2) the strong hydrodynamism which decreases downwards. According to MEINESZ 
et al. ( 1983) the studied association of L. rodriguezii belongs to the Biocoenose of 
~ittoral hard substrate with large Pheophycees. 

Les peuplements 8 Bryozoaires des prairies de Laminaires sont tres peu con
nus (GAUTIER et PICARD, 1957 ; MOLINIER, 1959 ; GAUTIER, 1962 ; GIACCONE, 1967) excepte 
le travail de CHIMENZ et SCALETTA (1985) concernant les Bryozoaires epiphytes sur L. 
rodriguezii des Banes Talbot et Terrible dans le canal de Sicile. -

Nous avons €tudie le peuplement a Bryozoaires de la prairie a L. rodrigue
zii du Bane Apollo~ SW de Ustica en mer Tyrrhenienne. Le sommet du bane, dtorigine 
volcanique, se situe a 40 metres de profondeur et le peuplement a L. rodriguezii qui 
le recouvre, atteint son maximum de densite a 60 metres et sur substrat rocheux. Toute 
la zone est caracteris€e par un courant de fond tres fort et constant a direction NW
SE. 

L' analyse a €t€ faite sur 100 lames dont les frondes mesurent 120 em de 
long et 25 em de large maximum. Les lames les plus longues presentent la partie dista
le plus ancienne soulignee par un €tranglement. 

Les epiphytes sont essentiellement repr€sent€s par des Bryozoaires et par 
des Polychetes Serpulidae,. des Foraminiferes et des Hydrozoaires. Les colonies sont 
concentr€es sur la partie distale des lames ; des concentrations existent aussi sur les 
rebords ondules et flexibles des portions j eunes. Les parties centrales des lames sup
portent, au contraire, des colonies sporadiques. Enfin, la zone m€ristetnatique de crois
sance, de 10-15 em de long, est toujours sans €piphytes,. La couverture moyenne ne d€pas
se j amais 2 % environ,. 

En ce qui concerne les rhizomes, le stipe n • est pas colonise et les E:pi
phytes sont concen:tr€s sur les stolons les plus anciens, oii ils pr€sentent des couver
tures Hevees (jusqu' a 40 % environ) . 

Nous avons prelev€ 57 especes de Bryozoaires (5 Ctenostomata, 15 Anasca, 2 
Cribrimorpha, 24 Ascophora et 11 Cyclostomata),. Seules 22 especes sont communes aux 
peuplements des lames et des stolons, qui contiennent un riombre plus €lev€ de Bryo
zoaires (45 contre 38). 

Le peuplement des lames est domin€ par deux especes : Celleporina hassalli 
(40.69 %) et Chorizopora brongniarti (28 .10 %) ; lea autres especes les plus abondan
tes sont Diaperoecta major (7 .16 %) , Fenestrulina malusi (4 .45 %) , Crisia fistulosa 
(3 .87 %) , Escharoides coccinea (2 ,44 %) , Mimosella verticillata (2. 37), Hapoploma im
pressum (2.11 %) , Diaperoecia tubulosa (2.05 %) et Tubulipora liliacea (1.56). Toutes 
les autres ant des pourcentages inf€rieurs a 1 %. On constate, en general, sur la sur
face totale de la lame, nne certaine homog€n€it€ en ce qui concerne la _composition du 
peuplement, mais on peut €galement relever des variations importantes de fr€quence 
sp€cifique. Celleporina hassalli et Chorizopora brogniarti sont davantage repr€sent€es 
sur les parties j eunes des lames (42. 64 % et: 29.51 %) que sur les parties dis tales 
(29.51 % et 18.98 %) , tandis que Crista fistulosa et Dtaperoecia major augmentent de 
2.76% et 6.50% a 11.09 % et 12.03 %. 

Le peuplement des stolons est domine par Puellina gattyae (36.40 %) et 
Micropora cortacea (23.76 %) suivies par Haplopoma impressum (10.08 %) , Escharella 
variolosa (6.92 %), Puellina hincksi (4.19 %), Celleporina globulosa (2..37 %), Crista 
fistulosa (l. 62 %) , Diaperoecta major (l. 58 %) , Amphiblestrum minax (1. 50 %~ et Scru
pocellaria maderensis (1.27 %) ; toutes les autres sont nettement subordonnees. 

Sur les stolons on denombre deux especes caract€ristiques exclusives : Mi
cropora coriacea et Amphiblestrum minax. Il s' agit de deux taxa toujours associ€s aUX 
stolons de L. rodriguezii (GAUTIER, 1962 ; ZABALA, 1986) et qui, exceptionnellement, 
ont €t€ retrouv€s, en colonies isol€es, dans des fonds meubles circalittoraux. 

Les autres especes, plus abondantes sur les stolons (PuelJ.ina sattyae, .!!!!_
plopoma impressum, Escharella variolosa, Puellina hincksi et Celleporina globulosa), 
sont des especes nettement sciaphiles circalittorales qui colonisent des milieux diffe
rents mais que 1 ton pourrait d€finir comme pr€f€rentielles des prairies de Laminaires 
oU leur abondance est probablement lit~e a 1' absence de lumiere au niveau des stolons. 

Sur les lames manquent des especes caracteristiques exclusives et 1' on y 
trouve seulement un peuplement sciaphile d' especes a large repartition ecologique ou 
de substrata rocheux. Il s' agit surtout .d' espEkes circalittorales qui remontent dans 
1 'infralittoral, seulement en conditions de sciaphilie accentuee, typique des rhizomes 
de Posidonie, des grottes semi-obscures et du soustrat des fonds precoralligenes. 

un y tiouve, en outre, des especes parmi les plus abondantes (Celleporina 
hassalli et Chorizopora brongniart:i) qui sont des espikes rheophiles epiphytes sur les 
feuilles des Posidonies, sur des Algues et sur les frondes des Laminaires (GAUTIER, 
1962 ; HAYWARD et RYLAND, 1978) ou sur des substrata rocheux lies a des facies de cou
rant de la Biocoenose DC ou, meme, de la Biocoenose SGCF (donnees inedites). 

En conclusion, lea facteurs qui contrOlent les peuplements de Bryozoaires 
etudies sont : 
1. la diminution de luminosite depuis le sommet de la lame jusqu' aux stolons de 

L. rodriguezii qui rampent sur le substrat ; 
2. l'hydrodynamisme tres accentue et l'agit:at:ion des lames qui diminuent egalement 

vers le bas. 
L t interaction entre ces deux facteurs conditionne la composition et la 

structure du peuplement analyse. 
De la comparaison entre le peuplement a Bryozoaires de L. rodriguezii du 

Bane Apollo et les peuplements d 'aut res zones de M€diterranee occidentale, se d€gage 
1 'uniformit€ de composition sur la zone totale_. 

Selon MEINESZ et: al. (l983L le peuplement etudie a L. rodriguezii fait 
partie de la Biocenose des substrata durs circalittoraux a grandes Pheophyc€es. 
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Fishing recruitment and exploitation 
onto a Donax trunculus stock off Tuscany Coast 
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lstituto Scientifico Tecnico di ldrobiologia e Pesca, Livorno· (ltalia) 

~ 
La population de Filons, en mer Tyrrht!mienne Septentrionale, est intense-

ment exploitee. Les analyses des distributions de longueur.et des zones d'abondance 
montrent que la peche agit surtout sur les individus de petite taille. M&ne si, en 
1966, a ete adoptee une taille Egale, un usage optimal de la ressource demanderait 
une reduction ultt§rieure de 1 'effort de pfK:he. 

The truncate donax represents the main natural-growing clam 
species of the Northern Tyrrhenian Sea; it is professionally 
exploited by 15 dredges, but a·sensitive yield is also due to 
unlicensed hobby-fishing. Because of supposed over-exploitation and 
catches reduction, one-year research program started in 1985: this 
was pointed to investigate the resource status and availability in 
the Marine Department of Li varna and eventual! y set either 1 i cense 
number or other appropriate fishing limitation. 

Four· main fishing surveys were carried out in September, 
December, February and May in the 25 km area along the coast. Every 
time an average of 35 boat-operated-tows were used to evaluate the 
clam spatial distribution, abundance, and population characteristics. 
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FIG. 1 

left: Abundance of donax along the coast-line in k• (abscissa> and 
depth in "' <ordinate>. Mean catch per tow = :: 4-20 gra•s, 

2o-1oo 9 , ~ 1oo-soo g, 11 5oo-2ooo g, • 2ooo-9ooo 9· 

right: Length frequency of caught population individuals in c•. 

Figure 1 shows the density estimate along the coast at various 
depth between 0. 75 and 5.5 m; on the right side, bar charts represent 
the total length distribution of the donax population in the same 
period. The main fishing ground, between The Arno and the Serchio 
rivers <km 12-22), is heavily exploited during the spring months as 
soon as the clams are recruited. Average length of 24 mm in September 
falls to 16 mm in December with the newly recruited individuals and 
slowly rises to 17 mm in February and to 20 mm in May. In the 
meanwhile the economically fishable area ( more than 2 Kg/tow ) 
reduces t!> one fifth of the original one. These aspects altogether 
show a strong over-exploitation trend: even if a stock-recruitment 
relationship is unlikely, the fishing mainly acts upon the lowest age 
class at unprofitable size <local market prices of large size donax 
are 30-40% higher than small size ones). 

A first management action was to set a minimum legal size equal 
to 20 mm and a closed fishing season in April and May, only for 
hydraulic dredges <D.M.M.M. 16/7/86). Hopefully the closed season 
will be extended to every kind of donax fishing for an efficient 
effort reduction: the size increase of commercial specimen will 
elevate both total yield and product quality with a sensitive gain 
for both the fishermen and the stock. 
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B-1127 
Commercial catches and stock assessment of Sgullla mantis 

R. BAINO, P. RIGHINI and R. AUTERI 

lstituto Scientifico e Tecnico di ldrobiologia e Pesca, Livorno (ltalia) 

Resume. La squille ocellee dans la mer Tyrrhenienne Septentrionale 
represente un example typi que au les CPUE deri vee des 

campagnes experimentales de peche ne r<Hlechissent pas les 
captures commerciales pendant le cours de l'annee. La raison 
principale de ce fait reside dans la particuli~re strategie de 

peche employee par la flotte commerciale. 

It is usual to consider abundance estimates from fishing surveys 
as a good index of population abundance and availability : case occurs 
when this is not completely true; but others factors will also 
determine the amount of commercial landings. 

Commercial catches of Sguilla mantis are,reported by the National 
Statistical Institute <ISTAT> and more accurate landing estimates are 
available from direct recording in the Livorno whole-sale market. 
These data have been set in relation to a groundfish survey carried 
out in 1985-87: in the northern Tyrrhenian Sea, 150 one-hour tows have 
been performed in spring and summer seasons with a traditional Italian 
trawl (80 TSL, 400 HP>. Significant abundance of S. mantis is limited 
to 10 miles around the Viareggio harbour (fig. 1), elsewhere the 
shrimp gives only rare and occasi anal catches. 
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Fig·. 1 

Yearly mean CPUE 
of S. mantis. 

Fig. 2 

Ten years average 
landings in the 
Northern Tyrrhenian 
Sea (q) and in Northern 
and Central Adriatic 
Sea(ton). 

Fig. 3 

Monthly landings 
from Livorno Market 
records. 

Monthly trend o-f commercial landings in the Northern Tyrrhenian 
Sea well agree with the Adriatic ones (see fig. 2): catches are 
decreasing in spring and then increasing in autumn; maximum monthly 
yield is always in the November-January period. The ISTAT data are 
confirmed by the direct recordings of whole-sale fish market in 
Livorno <fig.3>, but they are quite different from the CPUE derived 
from the trawl survey. The survey suggest a sensitive higher presence 
of S. mantis in summer: August CPUE are more than 10 times than those 
in Apr i 1 • Tab 1 e 1 shows the comparison between commercial catches and 
abundance index and the observed ratios in the two seasons. The 
difference is mainly due to the fishing strategy of the commercial 

Survey CPUE <gr/hour> 
North Tyrrhenian landings <ton) 
Livorno market records <Kg> 

SPRING 
<April> 

110 
91 

295 

SUMMER 
<August> 

1330 
124 

1896 

ratio 

1 I 12.1 
1 I 1.4-
1 / 6.4 

Tab. 1 Abundance and catches: their ratio oetween spring and summer. 

fleet, which exert the fishing in the S. mantis area especially 
after the rough sea when the species is more available to the fishing 
gear and therefore fishermen more attracted. While the commercial 
catches reflect the species availability - obviously higher around 
winter time - the survey catches rates show the mean species 
abundance, which is growing soon after the spring recruitment. 

Summing up this short note, when trawl survey data are analysed, 
it is always necessary to keep in mind that these results are average 
abundance estimates and not maximal fishing availability. Fishermen 
concentrate the effort in the right moment and place where highest 
gain is likely: this effort changes and moves along the year, then, 
sometime, the yield just a little has to do with the real population 
abundance. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 



B-II28 
Note prellminalre sur les Decapodes bathyaux 

de Ia cote Turque de Ia mer Egee 

T. KATAGAN", A. KOCATAS* et H.A. BENLI** 

• Ega University, Department of Biology, Section of Hydrobiology, Bornova-lzmir (Turkey) 
•• Dokuz Eylul University, Institute of Marine Sciences and Technology, lzmir (Turkey) 

SUMMARY: The presence of 13 Decapoda species are established during benthic 

investigations carried out in the bathyal zones of t:.he Aegean Sea. 7 of these are 

reported for the first time from Turkish waters .. 

A cause de sa position interm€diaire entre !a Mer Noire et !a M€diterranee, !a Mer 

Egee d'une superficie de 214.000 km2 contient une faune caracteristique. L'essentiel de 

ses fonds se situe a une profondeur comprise entre 100 .et 500 m, et couvre 88.850 km~ 
Au-dessous de 1000 m de profondeur, nous distin!}l'nS 4 fosses (fosse de Crete, fosse de 

Chio, fosse d' Anatolie et fosse de Mont Athas) qui ferment un "S" du nord au sud. 

Les recherches scientifiques meneesa partir du bateau de "Piris Reis" en aout 1987, 

nous ant permis de faife quatre pre!evements benthiques profonds en Mer Egee. L'un de 

ces p·retevements a ere fait dans le Golfe de Saros au nord (Stn. 1), les autres (Stn.2,3,4) 

dans le Golfe de Gokova au sud (Fig.). 

Les positions geographiques et les caracteristiques de 

ces stations sont; 

- Station 1: 40° 30'N, 26° 17'E; chalut par 520 m. sur fond 

- Station 2: 36° 59'N, 27° SO'E; chalut par 290 m. sur fond 

sableux. 

- Station 3: 36° 53'N, 27° 44'E; chalut par 430 m. sur fond 

vaseux. 

- Station 4: 36° 53'N, 27° 39'E; chalut par 600-640 m. sur 

fond vaseux. 

Les Decapodes erudies proviennent de pre!evements effectues avec un chalut (Beam

Trawl) equipe d'un filet amailles de 10x10 mm, ce qui nous a permis Ia capture d'individus de 

petite taille comme ceux du genre Ebalia. 

Get essai de chalutage nous a permis de repertorier 13 especes de Decapodes 

(7 Natantia, 3 Anomura et 3 Brachyura) classees dans le tableau suivant. 

Tableau: Distributions des especes suivant Ia profondeur. 

STATIONS 

E s p E c E s 1 2 3 4 

520 m 290 m 430 m 600-640 m 

Solenocera membranacea (Risso) + 

Paraeenaeus longirostiris (Lucas) + + + 

Acanteehyra eurpurea A. Milne Edwards + 

I 
+ 

Synalpheus cf. gambarelloides (Nardo) + 

Plesionika acantonotus (Smith) + 

Plesionika heterocarpus (Costa) + 

Plesionika martia (A. Milne Edwards) + 

Calocaris macandreae Bell + + 

Munida intermedia A. Milne Edwards et Bouvier + 

Munida iris rutllanti Zariquiey Alvarez + 

Dorippe lanata (L) + 

Ebalia nux Norman en A. Milne Edwards + 

Medaeus couchi (Couch) + 

Comme le montre ce tableau, on a rencontre 4 especes dans la partie nord et 11 

especes dans Ia partie sud de Ia Mer Egee. 

Au total, sur ces 13 especes de Decapodes, sept (A. purpurea, P. acanthonotus, 

P. mania, C. macandreae, M.inter:media, M. iris rutllanti, M. couchi) sont 

nouvelles pour les cotes turques de Mer Ege8; tandis que les 6 autres avaient deja ere 

signalees auparavant (KOCATA~,1981). 

KOCATA~,A., 1981. Liste pre!iminaire et repartition des Crustacea Decapodes des 

eaux Turques. Rapp. Comm. Int. Mer M€dit.27(2): 161-162. 
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B-Ill I 
Distribution des peuplements des Polych«Hes 

les plus frequentes du secteur marin 
devant les embouchures du Danube 

Victoria TIGANUS 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

Ces dernieres annees, ~ ~-r~~Et a me sure que le degre d' eutrophisation du milieu 
marin du nord-ouest de la mer Noire augmentait, le groupe des polych€:tes devenait 

dominant dans le macrobenthos "sa dens it€ augmentait a cause du d€ve loppement en mas 
se de certaines especes opportunistes (2,. 3, 4). -

Le travail est fond€ sur des reche~ch~s ~ffectuees en 1986 et 1987 dans un re
seau de stations placees devant les embouchures du Danube a des profondeurs de 5, 

10, 20, 30, 40 et 50 m, d'ou 1 'on a pr€leve. et analyse 75 echantillons quantitatifs. 
Parmi les Polych€.tes, six especes ant eu des fr€quences plus grandes, au mains 

a certaines profondeurs ce sont les populations des especes qui sont analys€.es dans 

le present travail. 
Phyllodoce maculata (L.) a &t€ identifi€e a toutes les profondeurs, sauf celle 

de 5 m, la fr€.quence croit avec la profondeur. La densit€ de l 'espece a €.t€ r€duite 

a tout€:s les profondeurs, de maniere que sa dominance comme densit€ dans le groupe 

ne d€:passe. point 2,6% (tableaux 1 et 2). Le maximum de densit€: de 1 'espece a €:t€. 

d'environ 200 ex/m2, enregistree en jui11et 1986 er 1987, respectivement a 30 et 40 
rn de . profondeur. 

Tableau 1 

Fr€.quence (%) et dominance (%) des especes du groupe, a diverses profondeurs 

Profondeur/ _5_m~- --.:!.Q..!!!_ ~ ~ ~ ~ 
EsE~ce }: D F D F D F D F D r' D 

Phyllodoce maculata 0 o,o 16 o,o 21 0,6 32 1,4 45 2,6 70 2,6 
Harmothoe reticulate 0 0,1 0 0,0 14 0,2 16 0,4 36 1,4 0 0,0 
Neanthes succinea 100 54,1 96 35,1 91 56,5 32 0,7 18 0,7 0 o,o 
Nephthys hombergi 0 0,® 0 0,0 21 0,8 72 1,7 72 5,2 70 5,2 
Spio filicornis 42 19,0 48 26,3 35 17,2 0 0,0 0 0,0 0 0,0 
Polydora ciliata limicola 56 13,2 48 38,4 63 12,5 24 16,1 54 5,0 28 9,J 
Melinna palmata 0 o,o 8 0,1 21 6,3100 79,2 100 84,0 100 72,'1 

Neanthes succinea Leuck est 1 1 une des esp€.ces dont les peuplements, presque co~ 

stamment presents sur le substrat sablo-vaseux (fr€quence 90%, profondeurs 5, 10 et 

20 m), sent aussi dominants, en densit~L Ses plus grandes densit€ ont €.t€ observ€es 

a 5 m de profondeur' oil l 'on a €ga1ement enregistr€. le maximum 8120 ex/m2 {septembre 

1986). L'espece apparait aussi aux profondeurs de 30 et 40 m sur substrat vaseaux, 

mais la frEquence et l'abondance en sont beaucoup plus faibles (tabl. 1 e~ 2). 
Nephthys hombergi Hucl. et M. -Edw. a €.t€ rencontr€ sur les substrats sableux

vaseaux et vaseux (aux profonfeurs de 20, 30, 40 et SO m), la fr€quenc.e et la den

site de celle-ci augmentant avec la profondeur (tableaux 1 et 2) & Ses peuplements 

ont eu de faibles densites qui n'ont pas depasse 140 ex/m2 (a 50 m, en juillet 1987). 
Spio filicornis O.F .M., espece psamnophile, a €.t€ observ€e aus profondeurs de 

5, 10, 20m, avec la fr€quence et 1 'abondance maximales a 10m. La maximum de densi 

te de cette espece - 8020 ex/m2 - a He enregistree en juillet 1987, a lO m de pro:-
fondeur. 

Polydora ciliata limicola Annenkova a la plus large distribution d~ toutes les 
especes ana1ysees, avec une assez grande fr€.quence a toutes les profondeurs €tudi€es. 

C'est 1 'une des esp€.ces dont les populations ont intens€.ment prolif€r€ au cours des 

derni€res annees, dans 1es conditions d 1 augmentation de 1 1 eutrophisation. La dens i

t€ de 1 'especes est maximale a 10m, oil l 'on enregistre des valeurs d€passant 18000 

ex/m2 (joui11et 1986). 
Tableau 2 

Densit€s moyennes (ex/m2) des esp€:ces de polychetes a diverses profondeurs 

Espece'V" Profondeurs 5m 10m 20m 30m 40 m 50 m 

Phyllodoce maculata 0 10 20 29 31 
Neanthes succinea 2183 1703 883 10 8 0 
Nephthys hombergi 0 0 12 25 58 61 
Spio filicornis 769 1275 269 0 0 0 
Polydora ciliata 531 1861 1Y5 231 55 109 
Melinna palmata 0 2 99 1140 933 854 

POLYCHAETA- total 4037 4851 1562 1439 1110 1171 

Melinna palmata Grube, bien qu'enregistr€e, aussi a 10m (exemplaires isol€:s), 

a ete constamment present aux profondeurs au-dela de 30m, oU d'aillers elle con~ti 
tuant plus de 70% de la densite des polychetes. Espike de masse dont les peup1ements 
se sont intens€:ment devevoll€s ces 10 dernieres ann€:es, Melinna palmata a eu des 

densites maximales a 30-40 m de profondeur, oil 1 'on a enregistre des valeurs de pres 
de 5000 ex/m2 (avril 1987). 

Par rapport a la situation existante i1 y a 25 ans (1), 18. structure des popula 
tions de polychetes apparait profond€ment transform€e, par 1a diminution des peupl; 

ments de certaines especes, plus abondantes autrefois (Spio filicornis,Nereis dive;

sicolor, etc.) et la proliferation des populations de quelques especes opportuni

stes, favorisEes par 1 'augmentation du taux de substances organiques dans 1' eau de 

(Neanthes succinea, Polydora ciliata limicola, Melinna palmata). 

References bibliographiques 

1. BACESCU M., GOMOIU M.-T., BODEANU N., PETRAN A., MULLER G.I., CHIRILA V., 1967-
Ecologie marina, ~: 7-167. 

2. GOMO_!U M. -T., 1982 - Cercetari Marine, IRCM, Constantza, ~~: 115-133. 

3. MANOLELI D., 1980- Trav. Mus. Hist. Nat. "Gr.Antipa", ~~: 111-129. 

4. TIGANUS V., 1986 - Rapp. Comm. int. Mer Medit., ~2· ~: 20. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

I 



I 

B-III2 
Variations of the trophic structure of the Polychaeta 

benthic fauna In the Island of Rhodes (Aegean Sea) 

Nomiki SIMBOURA 

NCMR, Aghios Kosmas, 16604 Hellinikon (Greece) 

RESUME 
--Des echantillons benthiques ont ete recoltes saisonnierement en cinq 
stations situees le long de la cote nord de 1 'ile de Rhodes. Nous demon
trans que la structure trophique de la population de Polychetes est surtout 
conditionnee par 1 'hydrodynamisme du milieu. 

Five st~tions were selected ~long the northern coost of 
Rhodes isl~nd (Aege~n se~) ~nd were visited on ~ se~son~l 

b~sis.On the whole 180 species of Polych~etes were identified. 
The species were ch~r~cterized trophic~lly ~ccording to F~uch~ld 
~nd Jum~rs (1979) ~nd were grouped in four feeding types : 
deposit-feeders(Dl. c~rnivores(C). herbivores(H) ~nd filter
feeders(Fl. In three of the four soft bottom stations the 
deposit- feeders domin~ted (Table 1). This was attribllted to the 
intensity of the hydrodynamic conditions of the environment in 
t'lese stations. 

This factor affecta the sedimentation rate and indirectly 
the ~bundance of the org~nic particles (detr.itus). which 
constitute the main element of the deposit- feeders' ·diet (Sanz. 
A. 1986). 

In higher energy stations such as R1 (LAT 36-27.5N . LONG 
28-17.1El with hard substrate and R5 CLAT 36-23.2N . LONG 28-
1. 5El with co~rser sediment. the domimmt group "as the 
carnivores whose mobility enables them to be independent from the 
detritus offer on the bottom. 

It is also evident that during the winter-automn period . 
the density of ~11 feeding types decre~ses CFig.ll. In fact. 
dur.ing this unstable period the intensity of the hydrodyn~mic 
conditions temporarily increases. thus affecting the density of 
the deposit- feeders as mentioned above. 

Moreover, the temperature which in turn controls the 
pl~nctonic production. reaches during winter period its minimal 
value which indirectly affects the density of all the benthic 
polychaetes. 

Rl R2 R3 R4 R5 

D 39.56 54.39 44.31 46.83 37.80 

c 42.50 28.99 29.59 27.61 39.93 

H 6.30 6.77 6.41 23. 28 14.37 

F 11.64 9.85 19.69 2. 29 7.90 

Table 1: Average density (indiv./m2l of the various feeding 
groups in the stations. 
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B-III3 
Les peuplements benthiques du port d'Aiger 

3 - Les Polychetes 

A. BAKALEM et J.C. ROMANO 

ISMAL, B.P. 90, Alger-1er Novembre (Algerie) 

MATERIEL ET METHODES : De novembre 1981 A novembre 1982 
<!tudl<! lamacrofaune d'un fond meuble du port d'Alger. Lea r<!sultats 
concernant lea groupes des Mollusques et des Crustac<!s ont <!t<! exposes 
dans des travaux ant<!rleurs alnsl que la methodologle (Bakalem et 
Romano, 1988 .a et b). Cette note concernera le groupe des Polych~tes. 

RESULTATS : 101 esp~ces de Polych~tes ont ete recensees ; la denslte 
moyenne est de 1541 lnd/m2 avec comme extremes : 538 lnd/m2 en octobre 
et 5564 ind/m2. C'eat en <!te et au prlntemps que le nombre d'esp~cea 
est eleve tandis qu'en automne et hiver c'est le contraire. Lea 
Polych~tes sont tr~s abondantes dans le milieu au printemps (mal, 3710 
ind/m2) et en <!te (aout : 5564 indfm2) et bien molns abontlantes en 
automne et hlver. Lea prlnclpales esp~ces sont Tharyx marion!, 
Notomastus latericeus, Nereis caudata, Andoulnia tentaculata, 
Heteromastus fillformls, Lumbrlnerls latrellll, Polydora antennata, 
Heterocirrus alatus et Eunice vittata. Lea cinq premi~res et 
Lumbrlneris ont une frequen~10~a domin.ance mensuelle de ces 
esp~cea eat generalement auperleure A 80 ~. Tharyx marlonl eat 
l'esp~ce dominante du groupe des Polych~tes, sea denalt<!s sont lea 
plus eleveea, partlculi~rement en mal et aout. Tharyx est peu abondant 
en octobre. Les fluctuations de Tharyx aont A l 'origlne de celles du 
aroupe des Polychetes. 
Notomastua laterlceus : 2eme principals espece, entre en competition 
avec Tharyx marionl pour la colonisation du milieu ; Notomaatua est 
abondant au pf in temps et en ete. 
Nereis caudata : a~n cycle <!volutlf annuel eat identlque A celui de 
Tharyx mala sea denaltes sont falblea aauf en automne et hiver_ 
Andouinia tentaculata lea perlodes printani~re, estlvale et 
automnale lui aont favorablea d' ou des denaltes •Heveea, 
dominances sont for tea en automne et hi ver. 
Heteromaatus filiformia a de falbles effectifa toute l'annee except<! 
en aout ; il en eat de meme pour Lumbrinerls latreilli. L'hiver semble 
etre une aalson defavorable A Lumbrlneris. 
Polydora antennata et Eunice vittata sont peu abondantes dans le 
mi 1 i eu sauf au print emps ou leurs densl tea et dominances sont 
relatlvement <!levees. Par centre pour Heteroclrrus alatus 1' automne et 
l'hiver sont lea salsons favorables. -----
Cea principales especes constituent 3 stocks ecologiquea : 
- le stock des indicatricea de pollution (Ip) : Andoulnia tentaculata 
et Nerels caudata 
- lestoc~indlcatrlcea de mati~res organiques (I .m.o.) ou de 
perturbation Heteromastus filiformis Lumbrineria latrellli, 
Polydora antennata, Notomastus latericeua et Heterocirrua alatus - le 
stock des esp~ces A large repartl tion ecologique ('LRE) ~unice 
vittata et Tharyx marloni. 
Cea 3 stocks ont une dominance totale generalement superleure A 70 ~. 
Le stock des LRE eat dominant tout e 1 'annee a auf aux moia de decembre, 
avril, jui 11 et et octobre ou c' est eel ui des I. m. o. et en octobre 
celui des Ip. Si lea Ip et lea I .m.o. sont groupeea en un meme stock : 
celul des lndicatrlcea de milieux perturbes, nous constatons mls A 
part janvier, mal et aoutque ceatock ecologlque est le principal 
une dominance superleure A 50 ~. 

DISCUSSION - CONCLUSION Le sulvl pendant une annee du groupe des 
Polych~tes i•un peuplement macrobenthique d'une station du port 
d'Alger fait ressortlr lea points sulvants : 
- la arande richesse speclfique (101 esp~ces) de ce milieu portuaire 
en Polych~tes, notamment au printemps et en et<! ; 
- lea fortes densites des Polych~tes, plus partlcull~rement aux 
periodes printanl~re et estlvale (3710 lnd/m2 en mal et 5564 ind/m2 en 
aout) ; 
- la periode hlvernale est defavorable tant sur le plan qualitatlf que 
quantltatif aux Polych~tes, c'est lora de cette saison que le nombre 
d'eapeces et la denslte lea plus falblea sont notes ; 
- lea prlnclpalea especes domlnantes appartlennent aux famllles des 

i;~:~1~~!~~s A~!ou1~~a C~~!~:!~i~:: Het~tu~rml=~to:as!:: 
eapeces vi ennent a' ajouter Nereis caudata et Lumbr inerls latrelll i. 
Tharyx marionl domlne laraement le groupe des Polychetes ; 
- lea fluctuations <!levees dans le temps des especes "leaders" : 
Tharyx marloni, Notomastus latericeus se presentent en dents de scie, 
ce qui est caracterlstlque des milieux perturbes ; 
- la competition tres importante entre lea princlpales especes pour la 
colonisation du milieu ; cela se tradult par des successions tres 
rapprochees dans le temps des especes ; 
- lea 3 prlnclpaux groupes ecologiques sont ceux des indlcatrices de 
pollution, des indlcatrlces de matieres oraanlques et des especes A 
larae repartition ecologlque. Le stock des LRE est le stock dominant 
la plupart du temps. Prlses ensemble, lea indicatrlces de pollution et 
lea indicatrices de matieres oraanlques constituent un stock plus 
important que celui des LRE, et dominant presque tout au lone de 
l'annee. Cela montre bien que le peuplement des Polychetes de la 
station etudiee est un peuplement de milieu perturbe, riche 
matieres oraaniques. 
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B-III4 
The distribution of Polychaeta and Crustacea f~una 

found In posidonia oceanica Meadows 
of Aegean Coast of Turkey 

Z. ERGEN, A KOCATAS, T. KATAGAN and M. ONEN 

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

B-Ills 
Comparison between effects 

of marine diesel fuel and dispersant gold crew 
on Palaemon elegans and Mugll · capito 

Sevin OZELSEL 

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

RESUME: Las tests oe toxicite comparatifs ont amene a observer las 

RESLME: Cette etude presente la faune de Polychetes et Crustaces trouvee dans les effets du MDF (fuel diesel marin) at du dispersant Gold crew sur le 
herbiers de Posidonie de la cote Egeene de Turquie. Les resultats de ces recher- Mugil capita at le Palaemon elegans. Las niveaux d'accumulation ont 
ches nous ont permis de determiner 63 especes de Polychetes et 35 de Crustaces. ete determines a la fois quantitativement at qualitativement par le 

spectrofluorometre (Model 430 Turner) at la chromatographie en phase 
SUMMARY: In this study the Polychaeta and Crustacea fauna found in the Posidonia 
oceanica meadows of the Aegean coast of Turkey have been investigated. As a 
result of this investigation 63 Polychaetes and 35 Crustacean species have been 
determined. 

INTRODUCTION: P.oceanica shows wide distribution in the infralittoral zone of the 

Aegean coasts of Turkey. The distribution of this species in this region has been 

studied by GONER (1975). Flowering of P.oceanica in the lzmir Bay and its' 

cartography around Urla has been shown by PERGENT and PERGENT (1983,1985). 

The Polychaeta fauna of P.oceanica meadows of lzmir Bay has been studied by 

ERGEN (1986). 

In this research work the Polychaeta and 

Crustacea fauna found in P.oceanica 

meadows of the Aegean coasts have been 

investigated and a total of 98 species of 

which 63 are Polychaetes and 35 are 

Crustaceans have been determined. 

METHODS: In order to identify the 

and 

gazeuse (Model 428 Packard); 

MATERIALS AND METHODS: The organisms P.elegans and M.capito have 

been chosen as test animals and collected from the Urla shore Cizmir, 

TURKEY). The laboratory experiments have been conducted in three 

sets of dispersant, dispersant+ MDF using the semi-static"system. 

The fish larvae were 4 em in length and weighed 0.62 g on the aver

age for 180 animals. The average length for P.elegans was 5.1 cmand 

had an average weight of 0.82 g for 180 test animals used in 1986 

and 1987. The same tests were repeated three times with a total num

ber of 30 fish larvae for each concentration in 1986 and three times 

with a total of 30 fish larvae for each concentration in 1987 late 

spring. A total number of 30 grass shrimp were used for each concen

tration amounting to 270 test animals in 1986 and 1987. The test was 

carried with three concentrations of MDF, MDF +dispersant and dis

persant simultaneously for the definitive test after the effective 

range ~as found and repeated three times each year with a total 270 

animals for determination of Lc 50 values. The temperature was kept 

at 18 ~ l°C, salinity of water 37.2 %0 and pH 8. The tests were conduc-

IZMIR 
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Polychaeta Crustacea species found 

P.oceanica meadows three samplings have 
ted in 4 liter solutions. Later the samples exposed to a concentration 

of 0.005 % which has been determined as the 72-hour LC 50 value for 
been made from three different stations MDF and MDF + Gold Crew were preserved. Only those exposed to 0.005% 

(Fig.1). Sampling area used has been 400 cm
2
. marine diesel fuel were extracted with methanol, benzol ( 1 : 1) with 

Fig.1: The sampling stations 

The diversity index has been calculated by 

using Margalef's method and relative 

dominancy of the species have been 

deter mint: d. 

RESULTS AND DISCUSSION: From the three stations chosen which are Urla, Giilbah

r;e and Ayvahk along the Aegean coasts of Turkey, 1691 individuals belonging to the 

63 ·po(ychaeta species and 1186 individuals belonging to the 35 Crustacean species 

have been collected. When the relative dominancy of 98 species from three stations 

are compared, 9,5% of Erichthonius brasiliensis, 7,0% of Amphithoe ramondi from 

Crustacea; 4,2% of Nereis zonata and 3,4% of Platynereis dumerillii values have been 

obtained from Polychaeta are most abundant. 

Whenthe stations are compared the number of species, number of individuals and 

diversity index (Table 1), it can be observerved that the station of Urla is the 

Table I: The total number of species and individuals at the stations and diversity 
indices. 

Number of Number of Number of Diversity 
Stations sampling species individuals index 

Urla 3 82 1713 10.87 
Giilbahr;e 3 62 502 9.81 
Ayvahk 3 60 662 9.08 

richest in number of species, individuals and has a higher diversity index. The 

reason of the high values at the station of Urla is probably because it is situated 

in the region affected by the polluted waters of the Izmir Bay and the presence of 

species which show adaptation both to clean and slightly polluted waters. 

REFERENCES 

ERGEN,Z.,1986 : The polychaeta fauna of Posidonia oceanica Meadows of lzmir Bay 

(Turkey). Rapp.Comm.Int.Mer.Medit. 30,2,19. 

G0NER,H.,1975 : Sea grasses found in muddy and sandy bottoms of lzmir Bay and 

Algae associated with them. TBTAK Kong.,5,19-24. 

PERGENT,G. and PERGENT,C.,1983 : Florasion de P.oceanica (Linnaeus) Delile dans 

le golfe d'izmir (Turquie). Ege Univ.Fac.Sci.7(8):19-24. 

PERGENT,G. and PERGENT,C.,I985 : Cartographie de l'herbier a Posidonia oceanica 

(L) de Ia Baie d'Urla-lskele (Turquie). Rapp.Comm.lnt.Mer Medit. 29,5. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

25 

soxlets. 10 grams of P.elegans and M.capito larvae were preserved. 

The LC 50 values for the toxicants were determined using the "Log con

centration versus % of survival" method for both species.Later the 

samples exposed to a concentarion of 0.005 % were presved and accumu

lation was measured with the spectrofluorometer (TURNER,MODEL430) and 

peaies observed using the gas chomatography (PACKARD,MODEL428). 

RESULfE: The 72-hour LC 50 values for MDF and MDF+Gold Crew were deter

mined as 0.005% for M.capito and 0.0064 % and 0.007% for P.elegans 

respectively. The confidence limits for M.capito were between (0.0047-

0.0054 %) and (0.0066-0.0074 %) for P.elegans for 1987,1988. Thus test 

animals preserved for 0.005 % MDF which weighed 10 gr~ms were measured 

for Polyaromatic hydrocarbons (PAH). It was observed that there was 

0.38 ug/1 in 10 g of P.elegans samples and 0.19 ug/1 in 10 grams of 

M.capito. In P.elegans 3.9% of c16-c 22 , 60.9% of c24 -c 30 , 11 %of 

C32 -c 34 , and 24.2 % of the others have been determined. For M.capito 

9.9 % of c16-c 22 , 55 % of c 24 -c 30 , and 34.8 % of others. 

DISCUSSION : In both species it can be seen that accumulation is less 

when the number of C atoms are less cc 16 -c
22

) and most where the range 

is between c24 -c30 • P.elegans has a lipophilic cuticula for diffusion 

and thus a different way of uptake than M.capito which takes in .the 

solution by its gills. In experiments conducted with 8 em M.capito 

larvae it was seen that the 4 em larvae and 8 em larvae had the same 

48 hour LC 50 (0.0056%) which shows that M.capito are not dependable 

as monitor animals (1). The 4 em larvae were not older than a few 

months whereaa the 8 em (7-14 em) ones were much older. Salihoglu (2) 

has also stated that with Hg no correlation was found between length, 

age and accumulation. The level of PAH in P.elegans was found to be 

higher as can be expected from the high amount of lipids it contains 

and it's being a mobile benthic fo•m. Fish also accumulates polyaroma

tic hydro carbons most during spring when it is richer in lipids but 

doesn't take as much PAH through diffusion like the grass shrimp. 
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Notes on the Biocenoses of a polluted coastal area 
In Southern Sicily : the Gulf of Gela 
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lstituto di Zoologia, VIa Archirafi 18, 90123 Palermo (ltalia) 

REMARQUES SUR LES COMMUNAUTES BENTHIQUES DU GOLFE DE GELA (SICILE) 

L' ensemble des conditions hydrologiques dominantes le long de la cote meridio
nale de la Sicile determine une eutrophisation generalisee des eaux ltttorales 
qui contribue a differencier le milieu de ce cote de 1 'ile par rapport aux autres. 
L 'addition des grandes sources de pollution domestique et industrielle, comme 
c'estle;eas dans le golfe de Gela, altere la structure et la composition des com
munautes benthiques jusqu'a un degre qui reste en grande partie inconnu. L'analyse 
bionomique accomplie sur les substrata meubles et durs met en evidence une eutrophi
sation generale du golfe, qui est plus intense a proximite du centre ancien de la 
ville, du fait de 1 'hydrodynamisme reduit et de nombreux egouts non traites. 

L' analyse des substrata artificiels du port industriel qui d:f.stant de 2,5 km 
de la cote, en mer ouverte, revele la presence de communautes du fouling portuaire 
avec une dominance de Mytilus galloprovincialis et de Perna picta. L 'augmentation 
des temperatures de l'eau par une centrale thermique, en eliminant la plus grande 
partie des especes, favorise le peuplement de Mactra .stultorum, qui atteint une 
densite de 4500 individus/400 dm3 de sediment. Les Polychetes Nereis falsa et 
Syllis gracillis sont parmi les especes les plus frequentes, et en rapport avec le 
degre de pollution organique. 
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C-II 
Application of synergistic adsorption 

for the pulse voltammetrlc determination 
of Uranium In natural seawater 

Marina MlAKAR and Marko BRANICA 

Center for Marine Research, "Rudjer Boskovic" Institute, 
Zagreb (Yugoslavia) 

The synergism in the solvent extraction means the manyfold enhancement of the 
metal ion extraction from aqueous solutions to the organic phase by application 
of two organic ligands mixture (1). 

Mercury drop surface can be a good replacement for the organic phase due to its 
hydrophobic character. By the combination of the appropriate pair of organic 

ligands (organic acid as an chelate and a neutral alkil-phosphorous ester as an 

synergist) , metal ions can form mixed complexes which are more hydrophobic than 

each of them separately. Mixed complex can be formed at the mercury drop electrode 
surface with very strong adsorption. In this way the concentration of metal ions 

is many times enhanced at the electrode surface, so it is possible to detect and 
determine very low metal-ion bulk concentration level corresponding to the con

centration in natural aquatic systems, i.e., in seawater and in fresh waters. 

As an example of the application of mentioned synergistic adsorption we choose 
uranyl-ion. In this way uranyl concentration in seawater samples from the Adriatic 
Sea was determined. 

As a system of organic ligands which gave such a synergistc effect we used sali
cylic acid and tri-n-butilphosphate (TBP). Salicylic acid forms with uranyl-ion 

complex in the solution (2). TBP, adsorbed strongly at the electrode surface, 
supsti tutes the remaining water molecule in the coordination sphere of the uranyl

complex, forming mixed U02(HSal) 2TBP complex which is strongly adsorbed at the 
electrode surface, too. 

The measurements were performed by normal pulse vol tammetry, which showed to be 
sensitive enough for the uranyl concentration level present in natural seawater 

sample: pH of the solution was adjusted at 3.6 and the concentration of salicylic 
acid was 1.4 x 1o-3 and TBP 2 x lo-4 mol dm-3. By measurements of the reactant 

adsorption maximum height on the pulse vel tammograms detection limit obtained was 
about 10-9 mol dm-3 uo~+ 
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Determination of ionic alkyllead compounds 

In environmental water 

N. MIKAC and M. BRANICA 
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Organolead compounds are introduced into the environment by 
their usage as antiknock additive in gasoline. Under natural 
conditions tetraalkyllead species are subject to degradation 
to inorganic lead (!).Intermediate compounds in this process 
are ionic alkyllead compounds (tri- and dialkyllead) which 
are relatively soluble in water and considerably more stable 
than the initial compounds. It is not sucprising then, that 
organolead compounds are present in natural waters almost 
exlusively in the form of ionic alkyllead compounds (1). 

Anodic stripping voltammetry (ASV) was found to be a 
convenient method for detection of ionic alkyllead compounds 
(2). It was successfuly applied to studies of tri- and 
dialkyllead distribution in an estuary polluted from 
tetraalkyllead manufacture (3). Although it can be directly 
applied to very polluted waters (at ug/1 organolead levels), 
it is not sensitive enough to measure the concentration of 
these compounds in natural waters. 

By use of a specific enrichment step we improved the 
detection limit of the ASV method. A complexometric 
extraction with sodium diethyldithiocarbamate (NaDDC) was 
applied, a technique commonly used in combination with GC AAS 
detection (4). In our method the extracted ionic alkyllead 
species are back extracted into the acid aqueous solution 
and tri- and dialkyllead species are simultaneously 
determined by ASV.Inorganic lead which interferes with 
organic lead determination by ASV, and which is partly 
extracted with the procedure applied, is eliminated from the 
solution in the electrochemical cell by coprecipitation with 
barium sulphate. It was found that during extraction a small 
quantity of complexing agent is back extracted into aqueous 
solution . Under the condition used (pH<2) DOC is very 
unstable and undergoes rapid decomposition. However, when 
natural water samples with high organic matter contents are 
extracted, stabilization of DOC in final acid solution is 
noticed. It can affect ASV measurements, because DOC is 
electroactive, with its oxidation peak potential close to the 
lead reoxidation potential. It was the reason why we 
introduced an cleanup step including an additional extraction 
of the final aqueous solution with a mixture of hexane and 
chloroform. During this extraction DOC is transfered to the 
organic phase, whereas ionic alkylleads remain in the water 
solution. Analytical procedure is shown at fig.l. 

Repeated experiments with standard solutions proved that 
recoveries for ionic alkyllead compounds are about 90 %, with 
the reproducibility of the entire procedure 10-20 %, 
depending on the concentration level. The detection limit of 
the method is estimated at 0.2 ng Pb/1 for total ionic 
alkyllead compounds for 2.5 1 of sample volume. The practical 
applicability of the method developed is demonstrated on a 
number of natural waters and atmospheric precipitate. In lake 
water (near urban areal 0.3-2 ng Pb/1 of trialkyllead was 
found, whereas in seawater (near harbour) 0.8-10 ng Pb/1 
could be detected.The inpact of a gasoline station and boat 
traffic on ionic alkyllead levels in surrounding seawater was 
studied by the proposed method. 

water sample + NaDDC + NaCl I 
!extraction with hexane 

organic phase (R3PbDDC, R2Pb(DDC)2) I 

l
back extraction with aqueous 
solution ( 0.1 N HN03 l 

aqueous phase (R3Pb+ , R2Pb
2

+l I 

!
cleanup extraction with 
hexane-chloroform (4:1) 

DP ASV measurement 
- inorganic Pb elimination by 

coprecipitation with BaS04 

Fig. 1 Analytical 
procedure 

- R3Pb + R2Pb - plating potential -1.0 V 
- R2Pb- plating potential -0.7 V 
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C-13 
AAS-Determlnatlon of Mercury 

in a marine biological reference material after wet ashing 
by means of microwaves. 

Preliminary results 

AndreVEGLIA 

Centre Scientifique de Monaco, 16 boulevard de Suisse, 
98030 Monaco Cedex (Principaute de Monaco) 

The application of microwaves to the mineralization of marine 
biological materials for the purpose of the determination of mercury has been 
investigated. 

The digester "Microdigest - 300" produced by PROLABO was tested. 
This apparatus consists of a source of microwaves (magnetron), a waveguide, 
a borosilicate glass round-bottomed flask which contains the sample 
(capacity 30 ml) and a water circulation system which absorbs the excess of 
radiations. The long neck of the flask facilitates the reflux of water. The 
flask is covered with a teflon-lined steel cover. Nitric oxide vapours go out 
through a small hole in the cover. 

The method was tested by using the reference material MA-M-2/TM 
(lyophilised mussel tissue) issued by the IAEA. The mercury content of this 
material was certified on the basis of the results of various methods of 
analysis obtained in a laboratory intercomparison (IAEA, 1985). 

65% nitric acjd (analytical grade, mercury-free) was used as 
oxidizing agent. 30% hydrogen peroxide (analytical grade) was occasionally 
added. Mineralization tests were done under varying operating conditions 
(amounts of reagents, microwave energy and duration of mineralization). About 
800 mg of reference material were mineralized each time. In none of three 
separate attempts could the material be completely dissolved and the sample 
solutions were filtered before the determination of their mercury contents by 
cold-vapour atomic absorption spectroscopy (HATCH & OTT, 1968). 

Results given by this method were compared to those of a classical 
method of mineralization (wet-ashing by HN03 under normal pressure and 
reflux) and to the certified value for the mercury concentration in this 
material (table 1). The confidence interval of the results given by the 
classical method overlaps the confidence interval of the certified value while 
results of the microwave mineralization are significantly lower than this 
value (they are about 20% too low). 

The mineralization by microwaves was obviously less complete 
than the mineralization by the classical method. Incomplete mineralization 
rather than loss by volatilization is , therefore, the most probable explanation 
for these low results. An increase of microwave energy was not satisfactory 
since it produced a strong evaporation of the acid solution. A modification of 
the cover of the apparatus in order to fit a sufficiently long Vigreux column 
on the top of the mineralization flask is suggested . Such a system would make 
possible to increase the microwave energy and to obtain a more complete 
mineralization. 
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Table 1 
Mineralization of MA-M-2/TM 

by microwaves and by the classical method 
(Comparison of results) 

Found value (J.Lg.g-1) 
Consensus value (a) Attempt Mineralization Classical 

(J.Lg.g-1) N° 

0,95 Jlg.g-1 
(0.85 - 1.06) 

1 
2 
3 

(a) Recommended by IAEA, 1985 

by microwawes (b) method (c) 

0.78 ±. 0,06 
0.78 ±. 0,06 
0,73 ±. 0,06 

0,86 ±. 0,07 

(b) Confidence intervals correspond to a 0.95 probability level and were 
computed from 4 different measurements of the same solution 

(c) Mean value of 5 different mineralizations ±.. confidence interval 
corresponding to a 0.95 probability level. 
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C-14 
Speciation of Mercury by cold vapor atomic absorption 

spectrometry : effect of several reduction mediums 
on inorganic and organic Mercury 

A. PASTOR GARCIA and J. MEDINA ESCRICHE 

Department of Analytical Chemistry, University of Valencia, 
Dr Moliner 50, Burjasot, Valencia (Spain) 

The toxic and accumulative character of methyl, ethyl and phenyl-Hg 
and its high proportion against inorganic-Hg in many environmental 
samples makes its determination to be more useful than total-Hg 
determination. For this purpose it is important to get analytical and 
enough reliable procedures for the speciation of Hg as inorganic as 
organic forms. Classical procedure for the determination of 
organomercurials is carried out by GLC. By other hand, recently have 
been developed procedures for their speciation by CVAAS on the basis 
of the diference between the reducing effect of Sn(II) and NaBHc in 
several mediums. However, their reducing capabilities depend on as 
chemical as instrumental variables, therefore their applications to 
samples have to carry out with restrictive conditions. Furthermore, 
the reduction of inorganic and organic-Hg by the action of a reducing 
system depends the kinetic of the process, therefore the 

reliability of the results depends also on it. 
In this work the reducing power of these agents is show through the 

reduction percentage of each organic specie respect to the signal 
given by inorganic-Hg. With this, we want to get an systematic and 
overall information about the behaviour of these agents in order to 
optimize the dete-rmination of the. several forms of Hg. 

l'e have used the followinc solutions: 0. 4 .ucHc/ml of HgClo. 
CBoHgCl, CoHoHcCl, CoHoHcCl, all of them prapared daily from a 100 
pgHc/ml stock solutions; SnClo. 2Ho0 5"+BC1 10"; SnCla. 2Ho0 5"+ 
Cd(N0o)a.4Ho0 1"+HC1 10"; cysteine 1"; NaOH 45"; NaBHc 3"+NaOH 1" and 

HNOo 20"+KoCroO• llt. 
The determinations of Hg were carried out with a Perkin-Elmer 5000 

AAS equipped with a recorder 561, Pye Unicam Cold Vapor Kit with an 
absorbance cell (150 mm pathway) and a peristaltic pump for the 
reductions with Sn (I I) in closed system, and a Perkin-Elmer Mercury 
Hydride System MHS-10 for the reductions with NaBH• in open system. 

In table 1 are shown the percentages of reduction cot when added 10 
ml of reducing agent (Sn(II) or Sn(II)+Cd(II)) to 20.5 ml of sample 
(0.2 .ug Hg) + 10 'ml HCl (1:10) or 10 ml de NaOH (45"). The three 
organic forms show a low response in acid medium with and without 
Cd(II), not easily attributable to impurities of inorganic-Hg; in 
alkaline medium the reduction is total for phenyl-Hg while for methyl 
and ethyl-Hg, although high, does not reach to be quantitative, 
however it is higher than reported by other authors in these mediums 
( 1). 

Table 2 indicat,es the percentages for the former mixtures in 
presence of 1 ml cysteine. A general decrease of the reducing power 
is observed, getting a whole reduction only for phenyl-Hg with an 

alkaline medium in presence of Cd(II). In alkaline medium and without 
Cd( I I), the reduction of oreanomercurials is remarkable and higher 
than reported by other authors ( 2, 3), who pointed out that only the 

inorganic-He ei ves signal. 
The presence of cysteine delays the reduction, in such a way that 

the siatnal increases against time specially for ethyl-He. That means, 
that when the time of increases also increases the percentage 

of reduction. 
From eight mediums tested, only Sn(II) in acid or alkaline medium, 

without Cd(II)+cysteine, offers the most suitable values to carry out 
the speciation, although we have not found any medium which could 
offer 'a null reduction for the organomercurials. Addition of Cd( II) 
in alkaline medium improves slightly the recoverY of methyl-Hg (4). 

Furthermore, these mediums without cysteine offer the highest 
sensibility. 

Table l Sn( II) Sn( II )+Cd( II) ~ble 2 Sn(Il) Sn (II) +Cd ( I I) 

HCl NaOH HCl NaOH HCl NaOH HCl NaOH 
Methyl-Hg 2.9 92.0 5.9 96.6 Methyl-Hg 7. 4 12.5 3. 4 83.5 
Ethyl-.Hg 2.7 98.6 4.1 81.8 Ethyl-Hg 0. 7 59.7 3. 4 79. 5, 
Phenyl-Hg 2.5 101 3. 9 101 Phenyl-Hg 2.3 32.0 1.2 100 
Hg(l I) sans. Hg(II)sens. 

(.ug-1) 0. 78 1. 08 0. 84 1. 05 (pg-1) 0. 48 1. 05 0.43 1. 04 

Table 3 show the percentages of reduction got when NaBHc solution 
was added to 5.5 ml of sample (0.2 .ug He) + 5 ml of any solution to 
ei ve sui table medium. The reduction is only quanti tat:i. ve in presence 
of KoCraO• in contrast with the values of 84lt (methyl and ethyl-Hat) 
and 50" (phanyl-Hg) ative.n by Oda and Incle (5). If we consider 
methyl-Hat the main compound in samples c~uld be carried out the 
speciation between this and inorganic-Hat by means of reductions with 
NaBHc in HNOo medium and later of methyl-Hg by addition of 
KoCraO•. 

~ HCl 1. 7lt HNOo 10lt HNOo 10lt+KaCro0• 0. 5lt 
Methyl-He 16.3 1.9 ,99. 7 
Ethyl-Hg 13.4 8.1 (99. 5 
Phenyl-He 34.5 24.7 S9.9 
Hg(II)sens. 

(.ug-1) 1. 48 1. 48 1. 49 

The authors acknowledate the support given by the CAICYT (Ministerio 
de Educaci6n y Ciencia, SPAIN) . 
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Mercury levels In the atmosphere of the Tyrrhenian Area 

In the Mediterranean Basin 

Romano FERRARA and Biancaelena MASERTI 

CNR, lstituto di Biofisica, Via S. Lorenzo 26, 56100 Pisa (ltalia) 

INTRODUCTION 

This paper reports the results obtained during three years of study 
(85-88) on the distribution of gaseous Hg in the atmosphere of the Tyr
rhenian area of the Mediterranean Basin (in the open sea, on islands 
and in some peninsular zones characterized by the presence of the metal 
sources of natural and anthropogenic origin l. The results were integra
ted with those available in the literature. 

The aim of this research is to assess the influence of the atmos
pheric Hg flux to the Mediterranean waters. In this preliminary paper 
we report the results on the present Hg distribution in the atmosphere 
of the ex ami ned area. 

EXPERIMENTAL 

Separation of gaseous from the aerosol was achieved by pre-:treated 
Sartor ius membrane fi 1 ters. Air was sucked for 2 hours at a constant 
flow rate of 1 l/min by means of a membrane pump, and gaseous mercury 
was collected on gold absorbers. The determination was performed by 
Atomic Fluorescence Spectroscopy <detection limit 0.01 ngl as reported 
elsewhere < 1 l. 

RESULTS 

Figure 1 shows the study area, the sampling stations and the 
measured levels of atmospheric Hg. The lowest concentrations were ob
served above the open sea <2 ng/m"l. This fact clearly indicates, as 
also reported by Slemr et al. <2>, that the sources of atmospheric Hg 
are mainly lC>cated on the ground. 

Slightly higher Hg concentration values (4 ng/m"'l were measured in 
the atmosphere of rural areas, far from possible anthropogenic and 
anomalous natural sources <cinnabar deposits, hot steam jets, volcanic 
activity, etc.>. 

As far as anomalous natural sources are concerned, the highest 
levels were found in the atmosphere over the metalliferous region of 
Mt. Amiata, rich in cinnabar deposits, in pro>dmity to the steam jets 
used for the product ion of electric power. The average concentration 
value of gaseous Hg in this region is 14 ng/m"; very high values 
<200 nglm"'l were also found above deposits of roasted cinnabar deriving 
from mining activity. These high values, which are encountered in the 
presence of high soil temperatures, are due to the natural degassing of 
the deposited material. 

A particular investigation was carried out in the Aeolian Islands, 
where volcanic activity is present. The Hg concentration values were 
not particularly high ( 10-15 ng/m"'l; only near the solfatara of the is
land of Vulcano were somewhat higher values found <25 ng/m"'l, similar 
to those observed near to the solfatara of Pozzuoli <Napol il. 

The Hg levels measured in the vicinity of Europe's largest active 
volcano <Mt. Etna, Sicily, at 500 m from the main crater> proved to be 
very low <3-10 ng/m"'l, in agreement with Barghigiani et al. <3>. 

Higher values were fa•Jnd by Breder and Flucht {4) on Mt. Veo:uvio 
<Napoli) only close to the fumaroles present in the crater <94 ng/m'). 

The measurements taken in the above areas demonstrate that volcanic 
activity does not always represent an important source of atmospheric 
Hg. 

As regards the contribution of anthropogenic activity to tne· 
presence of Hg in the atmosphere, particular attention was dedicated to 
a ch 1 or-alkali p 1 ant and to !!!Orne 1 arge urban areas. 

Fig. 1 - Atmospheric mercury 
level,. <nglm"'l of the Tyrrhe
nian area in the Mediterranean 
Basin. 

The concentration of Hg . around the 
chlor-alkal i complex of Rosignano Sol
vay <Livornol was on the order of 
20 ng/m"' in a radius of 500-,700 m from 
the plant itself. High values were 
measured by Breder and Flucht ( 4 > 150 m 
above the chimney ( 80 ng/ m"') • 
The measurements performed in various 
urbans areas reveal an increase in the 
Hg concentration with respect to the 
values observed in rural areas. In 
general the concentration value ranges 
bet"!een. · 5-15 ng/m", with lower values 
for the areas al eng the coast. 
From this first investigation it can be 
concluded that although considerable 
geologic anomalies a·re present in the 
Tyrrhenian area of the Mediterranean 
Basin, an appreciable increase of the 
Hg concentration in the atmosphere is 
generally not noted. 
Natural and anthropogenic sources of Hg 
seems to have an influence mainly on 
local scale. The mercury levels over 
the Mediterranean open !!lea, and con
sequently the air-sea exchanges, are 
probably slightly affected by the 
presence of industrial and human ac-
tivity and of a large volcanic area. 
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A t.nt.al nt 1 ~ SIJrfJS~~:A :-:;ed i TnPnt samp1 e:;; wer~ taken on hnard 
th~ R/V "Lama:~u during a cruisA in 1985 by 11stng n gra.b 
·::;;?ropJAr inRhore t.be N.Pr:=>in Ba.y <Fig. 1.). 

•ERSil IIY t 
JS"E 

Figure l: Study area, Jofer:3i.n Br.~.y, TURKEY. 

Samples were t.hr.>n subjected to analysis for grain :3i.ze, 
h<'>f}_Vy rnet.a.l, orgf}ni. c; c:r.>rbon l'lncl tot?} l carbonate conT.P.nt.:;;. 
SP.cli.m8nt:3 W8r<~ usuaJ ly sandy mud and app<'>ared to be rather 
oxic b-5.sed on th8tr vi.si ble colors, y<'>llow to brown. 

Chromic acid-oxi.rliza.ble orgr.>nic '~"rhon cnnt8nt:::; n>nged from 
0. 55 to 0. 71 % <T?.lhl"' 1) t-.bnt. were cnmpnrr.>hl.<'> wi +.h ;,mounts 
normr.>J.lv founrl in marinA nffshnr<'> sF>dlrnAnt.s. 
C::~rhnn:e~tps <:16-'5?.% c:.,.r;n._, l wF>r8 m;Hi<'> u:r al mos·t P.nttrP.l y of 

:~~~~:~~sr::i ::lc:~:~u:s,,:~i.~~~~:r;r~~~:t.~~o:0;~~~:;i:0 
r<>.c:nrd <e.g. shales anrl l.i.rn8:.,;t.nn<'>s) that -5re not. influ8nc:l'!rl 
bv man 1ll8dR ac:t1vft1.es~ t-.hP. r.nr1tRnts nf irnn~ TJlfingRnPse, 

.-;hrnmium, c:nnnF>r r.>nd lAnd in t.is st.oclv c;o;.n be attributed 
largAly in t~~ natural fluxAs from ge~chemical cycle of 
thess met'1ls <T-5bl8 1). Zi.nc li.lt only 3 nf 1.3 stations) and 
cnb;o;lt cont8nts were somehow high suggesting their saurc<>.s 
wid<>.ly to bA sither rltag<>.nesi:3 and/nr cnm:rnsltlonC~lly 
variations tn SPdimHntar-v nv:d:Prin1s r.?t:h~r T.h.?n n mnn-madP 
i.nnut. Alt.hoiiQ'h th8 1r.~tt:;;,r ,:;8Pms +.n hP. not. impnssih18 hot 
t.h~ ciAtC~ ohtainP.rl h<>.r<'l rlo8S not ncc:ount. for .such a paint. 
Nink8l wa::; pr.=>suiMhly rl8ri.•.rerl from a particular rack unit 
"ophiolite" which is enrich8d tn nickel and occuri.ng 
commonly in and araunrl th8 study area. 

It h?.ls also bP.en shown that Ni., Co ?.lnci Cu werR si gni fi.c8ntly 
associ.at<>.d with thP 'Mn and F8 phns8s rat.h8r than with 
orgnnic mat.ter, c;o;rhonates and clays 

Table I: Heavy metal, clay, carbonate and organic carbon contents in 
the studie.d surface sedimF>nts inshore the Xersin Bay. 
For comparison, metal J.eve.ls in average shales and limestones 
are a.lso given. 

Sample 
Number 

Clay C,,.."' CaCCh Fe 
% % % % 

lUO 16 
!(29 21 
!{30 18 
!{31 16 
!{40 22 
!{41 21 
Jl!42 25 
}(43 21 
!{44 16 
!(45 31 
!(54 18 
lt55 18 
!(56 24 

Shales .. 
Limestones*t 

0.58 
o. 71 

t 
0.59 

t 
t 

0.70 

t 
0.55 

36 4.23 
48 2. 61 

2. 21 
t 3.98 

52 2.12 
t 2. 06 
t 1.87 

49 1. 77 
1.62 

t 1.69 
51 2.55 

2.80 
2. 74 

4.72 
0.38 

t indicates not analyzed samples. 

Reference: 

Kn Ni Zn Cr Co Cu Pb 
ppm ppm ppm ppm ppm ppm ppm 

550 568 149 57 40 47 14 
403 305 42 32 32 21 13 
414 378 39 35 34 20 16 
499 452 87 43 30 26 17 
264 249 52 28 19 .15 11 
427 257 69 27 21 16 13 
388 367 44 29 30 22 11 
380 306 33 26 31 23 11 
301 224 178 22 17 14 10 
236 223 65 26 15 16 10 
380 462 134 2'7 30 22 14 
411 460 25 37 3o t 14 
348 316 48 40 30 25 

.850 68 95 90 19 45 20 
1100 20 20 11 o. 1 4 9 

*Mason, B., and Ji(oore, C. B., <1982). Principles of geochemistry 
.John Wiley and Sons, Inc., p.340. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

• 



• 

C-I7 
Heavy metal distribution In the different sediment fractions 

In the Estuaries of Axlos River In Northern Greece 
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Introduction 
A five-step sequential extraction technique was used to determine the 
chemical association of heavy metals,(Pb, Cd, Cu, Fe, Mn, Zn, Cr}with 
major sedimentary phases (exchangeable cations, easily reducible com
pounds, organic sulfidic phases, carbonates and residual components} 
in samples from the estuaries of Axios River in Northern Greece.(1,2}. 
For the determination of the heavy metals which were associated(che
lated or adsorbed) with humic and fulvic acids the sediments were 
treated with 0,1 N NaOH for 10 hours. An easy and fast extraction 
method using 0,5 N HCl has also beeh used fa~ the evaluation of the 
pollution level of the examined area. This extraction removes mainly 
the "anthropogenic • trace element fraction from the sediment.The con
centration of the metals in each phase was determined by AAS. 
Results and Discussion 

Analytical data concerning the metal distribution in the different 
fractions for the 3 seasonal samplings during the period of March 
1987-0ctober 1987 are given in table 1. The mean values are given by 
the ratio of the extracted amount to the amount of metals in percen
tages. In most cases, the sum of the sequential extract ions of trace 
elements was satisfactorily close ( 10%} to the "total" metal concen
trations. 
The main conclusions which can be drawn from the chemical fractiona
tion of sediments are the following: 
The cation exchangeable fraction which represents the elements adsor
bed on the sediments, was comparatively limited except for that of 
Cd. nydrous Mn and Fe oxides in sediments are generally strong sca
vengi~g agents for heavy metal ions. The H7 07 treatment should remo
ve ma1nly sulfides and organic matter and nave only a minor effect 
on the silicate lattice. The residual solid contain mainly primary 
and secondary minerals which hold trace metals within their crystal 
structure. 
The various fractions very generally from higher to lower metal con
centrations in the following order: 
Residual fraction organic fraction easily reducible fractio~ carbo
nates fraction cation exchangeable fraction. 
The anthropogenic heavy metals in sediments follow the order: Fe Mn 
Pb Zn Cu Cr Cd. 
From the obtained data it can be suggested that the surplus of metal 
contaminants introduced into the aquatic system from anthropogenic 
sources usually exists in relatively unstable chemical forms.(3} 
The higher proportions of the examined elements are found to remain 
in the residual fraction. Most of the non-residual portion of them 
is bound to the ferromanganese oxides and to the organic matter. 

Heavy metal distribution in the different sediment fractions 
in St.l (~g/g}(estuaries) 

Fraction 

Cation exchan-
ge~ble 

Carbonates 

F'e-fo1n Hydrous 
• oxides 

Org;nic-sul fides 

ttesidual 

Totai 

Anthropogenic 

Humic-fulvic 
acids 

fraction 

Cation exchan~ 
geable 

Carbonates 

Fe-Hn Hydrous 
oxides 

Organic-sulfides 

Residual 

Total 

Anthropogenic 

Humic-fulvic 
acids 

Zn Cr 

1,50 1,40 2,60 0,07 0,30 0,16 

14,4 l7 ,20 17,4 0,70 3,31 0,93 

34,7 16,90 20,6 17,65 4,97 2,20 

38,1 44,7 46,1 55,3 42,5 15,1 

45,5 52,86 63,40 6!,2 14,8 16,5 

147,7 146,8 163,5 150,4 64,3 37,3 

60,5 

10,26 

49,7 62,7!i 

7,36 16,4 

Pb 

3 

32,4 7,93 10,3 

1,03 1,3 6,62 

Mn 

Cu 

0,22 0,97 0,44 

0,27 3,73 1,95 

1,58 0,24 2,0 

23,16 24,53 14,74 

21,26 17,07 11,37 

50,25 53,6 35,81 

25,26 17,67 15,0 

1,79 6,37 7,61 

0,34 0,61 0,76 9,76 26,35 25,5 4,0 3,3 8,0 

19 37 33 68,55 175,3 181,8 38,13 400 389,4 

40 19,05 25 149,4 133,4 123,0 383,753,22915,4 

39 49~0 32 95,32 154,6 143,5 758,5756,2 1,3'" 

26 24,76 39 117,1 185,2 177,5 537,4 796,9 1,5* 

165,0 145;1 160,1 500,25 706,3 610,5 1,92* 2·,8* 5,1* 

95,0 71,43 71.43 206,7 295,0 356,0 575,7 851,9 1,5* 

4,69 3,35 5,82 0,22 5,21 5,04 42,8119,9'47,5 

Spring 1987, 3 Summer 1987, 4 Automn 1987 

Literature 

Cd 

0,14 0,19 0,08 

1.5 2,47 2,72 

3,&7 0,25 0,11 

2,0 0,21 0,10 

2,33 4,04 4,48 

8,4 7,1 6,7 

7,71 4,0 5,0 

0,34 0,32 0,49 

1. F.Rapin et al (1983): "Heavy metals in Marine sediment phases deter
mined by sequenti•l chamical extraction and their interaction with 
intersitial water"Envir. Techn. Letters Vo1.4 pp.387-396. 

2. A Tessier, P.Campbell et al (1979}: Sequential Extraction Procedure 
for the Speciation of Particulate Trace metals "Anal.Chem.Vol.51 
No 7 pp. 844-850. 

3. V.Samanidou and K.Fytianos(l987): "Partitioning of Heavy metals into 
selective chemical fractions in sediments from rivers in N.Greece ~ 
The Science of the Total Environment Vol. 67, p, 279-285. 
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Trace metals in the sediments of the Acheloos Estuary 

I. General Trends 
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10680 Athens (Greece) 

.. Laboratory of Instrumental Analysis, Division of Chemistry, 
Nuclear Research Center "Demokritos", Aghia Paraskevi Attikis, Athens (Greece) 

Acheloos is one of the major rivers of Greece with mean 
average flow estimated to 167 m"d·' (Seoul los 1982). Major 
changes in it affect the overall "structure" of its estuary and 
consequently the distributions of sallnity, nutrients and trace 
metals in the entire NW section of the Patrail-:os Gulf and part of 
the Ionian Sea. It might also affect the producti•;ity of the 
welll-:nown traditional fishfarms of the neat-by Messolongi lagoon. 

The ongoing works and the announced new gigantic projects 
for deviation of the major part of the Acheloos waters to 
Thessaly. in order to irrigate construct 
hydroelectric power plants and finaly to the Aegean 
Sea, raise a series of serious questions and 
urgently calls for in depth study .and ende1~stand1ng of the 
present function and distribution •A the Acheloos estuary 
system. since its structure might be ctltet·ed drastically in the 
course of the coming years. 

Acheloos acts as a major source of 1norganic nitrogen for 
the Patraikos Gulf (Scoullos et al 198:i) due partly to the 
washout of fertilizers and runoff. Howe•;er, in general it is not 
among the polluted rivers since it does not pass through heavily 
industrialised areas. 

In the present work which is part of a project carried out 
since 1982 we present the overall distribution patterns of 
various metals and we attempt to establish simplified trends and 
identify correlations between trace metals and major constituents 
of the sediments. 

A series of minicores (lm in length) have been collected 
from 14 stations from the estuary of the Acheloos river using a 
Mackereth (1969) pneumatic corer and Perspex tubes. The 
sediments were ana 1 ysed for carbonates, organic carbon and a 
series of trace metals extracted (a) by 0. 5N HC 1 and (b) by cone. 
HNO" from fractions with grain sizes smaller and greater than 
61jlm. 

Acheloos is silled with a mouth bar. Its relatively narrow 
mixing zone having significant salinity gradients (S%. 38 - 1%.) 
has a tot a 1 width of a few kilometers upstream as we 11 as 
outside the mouth. An accumulation of cat-bonates in the bottom 
sediments was observed throughout this zone. HowEver, this was 
not the case for a distinct small strip of the river bed located 
at the shal-lowest part of the bar whet-e carbonate concentration 
in the fine sediment is extremely low and the aluminum one is 
particularly high. 
The carbonate concentration in the sediments decreases in the 
upstream "riverine" stations as well as in the offshore "marine" 
ones. Aluminum shows, in general~ the reverse trend. 

From the results became clear that most of the metals show 
their peak concentrations (see Table I) in two sites. The most 
prominent one is located outside the river mouth, in fact in the 
area where salinity usualy exceeds 25 %. and the dynamic energy 
of the particles decreases abruptly following a steap increase of 
the depth of the sea bottom. 

TABLE I: MINIMUM AND MAXIMUM CONCENTRATIONS OF TRACE METALS IN 
THE ACHELOOS RIVER ESTUARY 

Metal extracted with HC l (ppm) extracted with HNQ. (ppm) 

min max min max 

AI 400 3000 4500 39600 
Cd 0.10 0. 25 0.10 0. 25 
Cr 2.30 10.0 23.6 130 
Cu 3.70 29.5 7.00 38.4 
Fe 800 6600 2400 22700 
Mn 300 740 400 890 
Ni 17.1 50.2 26.4 180 
Pb 2.5 14.4 3. 7 15.1 
Zn 7.2 34.9 24.8 82.9 

The other zone of relat1vely h1gh metal concentrat1on 
is located upstream, right before the ri•1er mouth bar. There. the 
metals seem to be deposited mainly as a t·esult of the abrupt 
increase of the pH. In fact the pattern of each metal is 
differentiated according ·to its major species present and its 
responce to desorption. coagulation and precipitation processes. 

Trying to establish simplified correlations for the 
interpretation of a large series of data we have identified, in a 
first approximation, two groups of trace metals:The first¥ and 
most numerous one (Cu, Pb, Cr. Zn. Fe, Ni) shows a negative 
correlation with carbonates and a positive one with Al. at least 
in the surface sediments.Scoullos and Oldfield (1986) have 
identified the ability of fine "clay" particles to act as major 
metal carriers in the system. The correlation is extended to the 
entire sediment column for few metals such as copper. It is 
noteworthy that throughout a long series of samp 1 ings of · 
suspended particles from the Acheloos estuary we have established 
excellent correlations between aluminum and various metals (e.g. 
iron ) in the suspended matter which is reflected also in the 
sediments. 

The second group has metal concentrations following the 
trend of carbonates. Mainly manganese follows this pattern and in 
a lesser extent cadmium. These two elements are also the ones 
more effectively extracted by HCl (having the highest M..c1 /M..No" 
r-atios) .Several metals slightly deviate from the 

above described trends and their distribution seems to be 
largely influenced by the organic carbon content of the sediments. 
Using "surface enrichment factors": 
K..~ ~ (C~/Al. - Ca/Alal/(Ca/Al"l 
where c .... the measured surf ace concentration 

C" the reference concentration at a given depth of the 
sediment column 

AI. and AI., the relevant AI concentrations, 
it appears that lead, zinc and nickel are the elements which have 
been affected more obviously by anthropogenic inputs. 
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from the Gulf of Olbla, Sardinia 
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The o ty of Olbia and its hinterland discharge their untreated and partially 

treated sewage into the Gulf of Olbia in the North East of Sardinia. The most 
higly polluted area is a channel (Fig.l), where the Olbia harbour is located, 

flanked by several sites for the production of shellfish. In 1985 a significant 

algal bloom occurred in the channel. The aim of the present paper is to 

measure the level of heavy metals (Cd, Cu, Cr, Zn, Pb) in the superficial sedi

ments of the channel, both to evaluate the potential hazard to the shellfish 

themselves and to obtain significant information in view of the forthcoming 

dredging operations to improve navigation in the chann~l. This information 

will help to select an adequate disposal si. te for the dredged sediments. 

Fig.l. Location of the sampling sites . 

Seven sampling stations were selected along the channel. Core samples of the 

sediments were collected in October' 86 by divers. The samples were immediately 

frozen after collection. The upper part of the core (l-5 em) was removed, air 

dried, grounded in an agate mortar, and sieved at 100 mesh. Aliquots were digested 

in an ni tric-perchloric acid mixture, accor'ding to the method suggested 

by IRSA-CNR ( 1985) Analysis were carried out on a Perkin Elmer atomic absorption 

spectrophotometer. An NBS River Sediment Standard ( 1645) was used to check the 

analytical procedure. 

Sampling site Pb Cu Cr Cd Zn 

1.1 5.2 1.6 0.2 40.2 

6.1 5.0 ll.O 1.6 70.5 

7.2 5.0 3.5 2.1 55.2 

8.0 22.0 12.0 2.0 105.3 

10.2 9.0 9.0 1.6 86.1 

17.1 15.1 6.0 3.1 104.0 

16.0 5.0 2.0 0. 7 70.0 

Tab. I. Mean concentrations ()lg/ g dry wt) of heavy metals in surface 

sediments. 

The metal concentrations do not vary significantly along the channel. 

Sampling station 1, at the point where the channel communicates with the 

sea, showed the lowest values for all metals considered. The highest Pb concen

trations were found at stations 6 and 7, which are the nearest the harbour and 

the city. The values were lower than those found in other harbour areas in the 

t-1edi terrane an and are in the range of those found by other authors in coastal 

areas ( Tab. II) . 

Pb 

Olbia Gulf 6.1-17.1 

Cagliari Gulf,Sardinia: 

-Harbour zone 21-860 

-Outer harbour 

Coastal areas of 

Israel 

Bay of Nice 

8.8-44 

3.9-19.7 

4-ll2 

Sicily Channel Coast 

Cu Cr 

5.0-22.0 2.0-12.0 

4.9-180 22-100 

3.1-8.8 1.3-7.2 

0.3-2.9 1.7-12.4 

2.1-35.4 

Cd 

0.2-2.1 

0.3-2.2 

0.7-2.4 

Zn References 

40.2-10 This study 

60-65 Cantu et al 

10-25 1983 

Roth and 

2.1-18.2 Hornung,1977 

Flatau et 

al, 1982 

Castagna 

5-20 

3.1-278 

4-15 

21-463 

2.5-16.2 0.2 7-26 et a1, 1987 

Venice Lagoon 14.7-46.4 l.l-25.4 61-5930 Pavoni et 

al. , 1987 

Tab. II. Heavy metal concentrations ()lg/g dry wt) in sediment collected 

in different areas of Mediterranean. 
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Introduction: The first survey of chromium in inshore waters of Alexandria was con
ducted by Aboul Dahab and Halim (1986) in Hex Bay West o~ Alexandria. The Bay has a 
mean depth of 9.8 m. It's surface area is of 19.4 Km' and its volume 190.3 X 106 m'. 
The Bay receives several effluents: agricultural drain water (6 X 106m' day-1), 
waste water from a chlor-alkali plant (35 X 1Q3 m' day-1) and also from the Western 
Harbour of Alexandria (3.1 X 106 m' day-1, El Gindy, 1986). The Western Harbour re-

~:!v~~/~ io§O!, m~a~~r~/~a:~:c~;~~/~;~~ i~o~a:n~:;i~!~!~~i~:~al (Noubaria Canal) 

The daily average total chromium input from the respective effluents to Hex Bay 
was quantified by Aboul Dahab and Halim (1986). · 

Table (1): Average daily discharge of chromium from the Main effluents to Hex Bay 

Effluent Umum Chlor-alkali Western 
Cr species drain effluent Harbour outlet 

Particulate Cr 324 25 
Dissolved Cr 132 16 
Total Cr 456 41 

El Gindy et al., (1986) estimated the residence time of the fresh water input to Hex 
Bay as 2.08 days. Aboul Dahab and Halim recently determined the sedimentation rate 
in Hex Bay (0.85 Cm yr-1) by studying sediment cores from the area (unpublished data). 

The scope of the pres.ent work is to estimate the amount of chromium deposited to 
Hex Bay sediments, the amount of chromium leaving the Bay by water exchange with the 
open sea and to investigate chromium accumulation in marine organisms belonging to 
different trophic levels from the Bay. 

Material and Methods: Sedlllent: Sediment samples were taken by a core device from the 
stations shown in Fig. I. The superficial layer of sediment (0-2 em) was analysed • 
Samples were air dried, ground in a agate mortar and sieved to pass 63 1JM mesh to 
normalize all samples. Samples were dissolved totally with HN03, HF and HCl04 acids 
and the dried residue taken up in 0.1 M HCl acid. GFAAS technique was used for the 
measurement of Cr concentrations. 

Biota: Donax ~, ~ ~, Neptunus pelagicus, 
~ ~. Mullus barbatus, ~ pilchardus and Rhinobatus halavi were collected 
on two occasions from Hex Bay by commercial trawlers (Winter and Summer 1986). Samples 
were identified and prepared in view of the method recommended by UNEP, 
1984. Digestion was done by concentrated HN03. 

To check the analytical method, NBS River sediment (1645) & Bovine liver (1577) were 
analysed for Cr. The efficiency ranged from 97 % to 102 %. All manipulations were 
carried out in a laminar flow hood in a dust-free room. 

Results: Density, organic carbon, chromium concentrations and the ina~x ot relative 
pollution potential are given in Table 2. Chromium concentrations in the sediments 
from Western Alexandria fluctuated between 42 1Jgg-1DW and 751 1Jgg-1DW (station 1 and 
14, respectively) with an average of 243±213 1Jgg-1DW. Significantly high chromium 
concentrations were determined at station 14, within the outlet of the Western Har
bour (978 1Jgg-1DW) and at station 13 immediately downstream from Umum Drain outlet 
(543 1Jgg-1DW). Stations 10 and 11 also showed relatively high chromium concentra
tions (3ll ugg-1DW and 382 1Jgg-1Dw, respectively). The minimal value of 42 1Jgg-1Dw 
at station 1 is assumed to be the background level for the area. The percentage of 
organic carbon in the sediments of Hex Bay ranged between 0.1 % and 3.3 % with an 
average of 1.4 ± 1.1 %. In the inner part of the Western Harbour outlet it was 4.2% 
and 3.3 % in outer part (station 14* & 14, respectively). 

No significant correlation was found between chromium concentration and organic car
bon (r • +0.25) in Hex Bay sediments. For this reason we assume that the incorpora
tion of chromium in the Bay sediments was done largely by inorganic processes. 

Biota: The mean chromium concentrations in the marine organisms from Hex Bay are very 
scattered (Table 3 and Fig. 2). The relatively high concentrations of chromium in the 
soft parts of the bivalve .!1Q!!!!!. trunculus (255 llg Kg-lFW) compared to fish levels (70 
to 153 IJg Kg-1FW), suggests a higher rate of accumulation. There was a considerable 
difference between chromium concentrations in the flesh of the crab Neptunus pelagicus 
(465 IJg Kg-lFW) and the shrimp~ kerat:hurus (222 IJg Kg-lFW). There were wide 
differences between chromium concentrations in the flesh of the four fish species 
studied. The level increased in the following order: ~ ~ (70 IJg Kg-1FW) 
~ barbatus (94 ug Kg-1FW) < ~ pilchardus (127 IJg Kg:.:lFw) < Rhinobatus 
halavi (153 IJ& Kg-1FW). 

Discussion: The sedimentation rate (0.85 em yr-1) in Mex Bay can be converted to a 
weight basis using the formula: 

Bulk sedimentation rate • F • R(l-P)d (Hamilton-Taylor, 1979) 
where R • sedimentation rate, 0.85 em yr-1, P = porosity, 0.844 and d • density, 
2.596 g cm-3. • •. F • 0.85 (1-0.844)2.596 • 0.3442 g cm-2yr-l • 9.43 g m-2day-l. 
Using the chromium concentration in the sediments of the inner Mex Bay (452 IJgg-lDW, 
average of the stations in the inner Bay, and given the surface area of the Bay (19.4 
X 1o6m'), the chromium sedimentary flux for the whole Bay would be 9.43 X 19.4 X 452 
X w-3 • 83 Kg day-1. The average annual rate of rainfall over thf\' investigated area 
(19.4 Km') is 192.1 mm, and the total amount of rainfall therefore is 192.1 X 10.4 X 
103m' yr-1 • 10.2 X 103 m'day-1. This is a negligible value c0111pared to the fluxes 
from the land-based sources. 

Aboul Dahab and Halim (1986) found a rapid decrease in suspended chromium concentra
tion in a seaward direction in Hex Bay. Approximately 95 % of the suspended chromium 
is deposited and remains within the Bay. They also found that the dissolved chromium 
concentration at the Hex Bay outer boundary is 1.054 IJgl-1 and at the discharge points 
is 4.345 IJgl-1. The net export by water exchange (E) of a dissolved component from 
A to B can be approximately expressed as: E = W(XA - XB) where W is the water exchange 
rate due to the mixing and XA and XB are concentrations of the component at A and B 
respectively. 

W • --::F:-re_s.,..h_w_aB::.::t:::::;:=i~=-e.;;.::~"'=!""'::==~'-e-t...,.im_e_ 
• • W • 190.3 X 106 • 91.49 X 106m• day-1. 

2.08 

Since no considerable vertical gradient for chromium is observed (Aboul IJahab ana 
Halim, 1986), the average concentration for the water column is taken: 

Edissolved chromium • 91.49 X 106(4.345 - 1.054) = 301.1 Kg day-l. 

From the total amount of chromium flux to the Bay, 474 Kg day-1 (Table 1), flushing 
of the Bay to the open sea removes 301 kg day-1 and sedimentation within the Bay 83 
Kg day:-1.It is apparent that the main process of chromium removal, is by water ex
change.Sedimentation accounts for 22 %. Although this budget is crude, it provides 
approximations of the inputs, outputs, and of the standing stock of chomium in the 
water and biota of the Bay, which is about 90 Kg. 

References : Aboul Dahab, 0. and Hali.m, Y.: Ra pp. Comm. int. Mer Medi t. , 30,2 1986 
(p, 108). E1 Gindy A. A. H.: Rapp. Comm. int. Mer Medit., 30, 2, 1986 (p, 177). 
El Gindy, A.,_Aboul Dahab, 0., and Hali.m Y.: Rapp. Comm. int. Mer Medit., 30,2,1986 
(p, 127). UHEP/FAO/IAEA/IOC: Re"ference methods for marine pollution studies No. 11, 
Rev. 1, UNEP, 1984. Hamilton-Taylor J: Environ. Sci. Technol 13:693-697 ,(1979). 
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C-Ill 
Le Plomb dans les eaux cotieres 

du Bassin Medlterraneen nord-occidental 

E. NICOLAS et P. COURAU 

Laboratoire de Physique et Chimie Marines, B.P. 8, Quai de Ia Darse, 
06230 Villefranche-sur-Mer (France) 

Le plomb a ete determine par' vel tamper:-ometr:-ie ( 1) SUr' des ec~antillon~ d' eau 
de mer non fil tres, pn§leves en surface, le long du littoral medl. terraneen, 
cour:-s de la mission INTERSITE (13-27 septembr:-e 1984). 

Des variations regionales des niveaux de concentration ant ete observees 

- ~=s z~ne:Xha~~~~!~~;a~~o~=s~~~u~~:! ot;~_d;;t~~.l-l) sent conformes a ce qui a ete 
anter-ieur:-ement publie ( 2) 

- Le Golfe du Lion et le li ttor:-al Corse ( 11 echan_::fllo~s! . _ . _ 
Ces zones ont une valeur moyenne de 63± 11 ns.l , legerement 1nfer1eure a celles 
du large. Bordees de regions peu urbanisees, elles semblent mains influencees par 
les apports atmosphi§riques de ?lomb que le reste du bassin. 

- Le littor-al du Languedoc Roussillon (5 echantillons) _ _ _ 
Des rerron tees d 'eaux profondes plus fro ides T c::::: 15°C frequentes dans ces reg1o~T a 
cette eooque ( 3) se traduisent par de tres faibles concentrations ( 28!11 ng.l ) · 
Une vaieur tres basse : 13 ng.l-l a meme Et€: observee. Cette valeur est 
inf€:rieure a la moyenne des eaux profondes mt§diterraneennes (2} 4 

- Le cor-don littoral du Rhone (6 echantillons) 
Ces eaux sont identifiables par leur- faible _'j'alinite (S <37). Elles presentent 
des teneurs r:-elativement basses (47± 13 ng.l ) alors que de~ 1valeurs fortes on;. 
ete observees a 1' embouchure meme du fleuve : 860 ± 340 ng.l . Le Plomb apporte 
par- les eaux du Rhone semble piege par la sedimentation dans l 'est;'aire (4 l; Les 
eaux du RhOne ne contribuerai t pas a l' enrichissemen-:: de la )1edl terranee en 

Planb. 

- Le Golfe de Fos-<•lar:-seille ( 6 echantillons) 
L 'activi te urbaine de c1._tte region se reflete dans les fortes -~oncentrat1ons 
tr:-ouvees (107 ± 52 ng.~- ), avec une tres forte valeur ((~;ongn~i~l ~ !o;ams~~t~~ 
de l~fmissaire de Cortiou dont 1' impact est local is€: 
ng.l a 1 km au Sud de l'emissaire). 

- La cote varoise ( 5 echantillons) 
Les remontees d'eaux froides, bien que d'origine pl~s .profonde ct;ns cette_1€:gion 
( 5) ont eu moins d' influence sur- les valeurs superf1c1elles (59 _ 12 ng.l ) que 

dans le golfe du Lion. 

- Le cote d'Azur- (4 echantillons) 
Siege d' un courant de surface cO tier permanent : le courant Ligure qui draine 
dans ses eaux les · apports telluriques de -ta regi?n, ce~te zone presente. des 
fortes concentrations ( lb = 129 ± 36 ng.l ) repr:-esentat1ves de la mer L1gur:-';' 
c6tier-e ( Pb = 144 ng.l- ) ( 6). Des mesur-es realisees sur- du plancton ont montr:-e 
que les especes pr€levees dans cette region, pres des cOtes, __ etaient. significati
vement plus ri0fs en Plomb (7,9 ± 2,8 ug.g ) que les especes prlses au large 
(1,9 ± 1,2 ug.g- ) (7) 

Les concentrations du plomb dans les eaux cOtieres du Bassin Nord Occidental sont 
influencees par- les conditions hydrologiques locales et par- la nature des Apports 
continentaux (Fig.l). Les plus fortes valeur:-s ont ete r:-elevees pres de Narseille et 
dans le courant Ligure. Une attention particuli€:re devra etre portee a cette 
derni8re region puisqu 'i l semble que les concentrations de plomb associes aux 
organismes de la chaine al imentaire refletent les valeurs des eaux cOtieres de 
surface. 

Pb 

lng.l-l 
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lOO 

50 
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C-112 
Caracterisation des eaux interstitielles 

de sediments marins : 
capacites complexantes et masses moleculaires 

M. BOUSSEMART, M. RICHOU, C. BENAMOU et J. BENAIM 

Laboratoire de Recherche de Chimie des Organometalliques, 
Universite de Toulon, 83130 La Garde (France) 

Pour aborder le theme general jes interactions metaux - matieres 

organiques, l'un des parametres les plus frequemment etudie est Ia 

capacite complexante du milieu . Le caractere global de telles mesures, 

effectuees directement sur des eaux naturelles, explique tout !'interet 

suscite par ce parametre ( 1) . 

Dans le cas d'eaux interstitielles (E.I.) de sediments marins preleves 

en zone littorale, les echantillons sont charges en matiere organique : Les 

capacites complexantes par rapport au cuivre mesurees par " D.P.A.S.V. " 

(2) sont alors fortes et generalement superieures a 1 J..l mole/1. . 

Le travail qui a ete entrepris ici vise a determiner plus precisement 

quelles fractions moleculaires sont responsables de ces phenomenes de 

complexation par rapport au cuivre dans des E.I. issues de sediments 

preleves aux. alentours de Nice (FRANCE) . 

Dans ce but, parmi les techniques d'etudes de la speciation chimique 

dans les eaux marines (3), nous avons soumis nos echantillons d'E.I. a 
!'ultrafiltration (4) (seuil de coupure 1000 Daltons) et Ia 

chromatographie par permeation de gel (5) en utilisant l'eau de mer 

comme eluant . 

Sur les differentes fractions obtenues par ces techniques on mesure 

Ies capacites complexantes par " D.P.A.S.V. " . 

II a ete montre (6) (7) que !'aspect des pies de redissolution depend de 

nombreux parametres d'ordre experimentaux et de la matiere organique. 

C'est pourquoi nous avons accorde une attention toute particuliere a 
!'allure des courbes polarographiques obtenues en etudiant les 

comportements singuliers presentes par certaines fractions Les 

substances humiques ont ete mises en evidence par spectrofluorimetrie 

ultra-violette (8) et le carbone organique dissous a ete evalue par 

oxydation au persulfate (analyseur "DOHRMANN DC 80") . 

Les resultats obtenus permettent une determination quantitative et 

qualitative des masses moleculaires des substances responsables des 

phenomenes de complexation dans les E.I. etudiees . Ils mettent en relief 

Ies parametres propres aux. conditions experimentales et a Ia qualite de 

Ia matiere organique presente dans nos echantil!ons . 
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C-!13 
Importance du macroplancton gtHatlneux 

dans le stockage et le transfert 
de metaux traces en Medlterranee nord-occidentale 

M. ROMEo·. M. GNASSIA-BARELU•, E. NICOLAs•• et C. CARRE••• 

• INSEAM, Unite 303, B.P. 3 
•• CNRS, UA 343, B.P. 8 

••• CNRS, UA 716, B.P. 28 
06230 Villefranche-sur-Mer (France) 

Des organismes du mocroplancton g81otinaux opp~rtenant 

Thal iaces :Thalia democratica et ~ fusiformis et 

Siphonophores Agalma elegans, Hippopodius ~. Chelophyes 

appendiculata et Abylopsis tetragona ont 8t8 pr8lev8s 0 la sortie de 

la rade de Villefranche-sur-rner en Mediterranee Nord-Occidentale 

printemps 1987 periode oU organismes etaient 

particuli8rement obondants. Parall8lement des SchontillonG de mt:~ti8ra 

suspension ant eta collectes dans des pi€q~es a sediments places d 

200 m de profondeur zone cOtiBre (Programme Oyf'amed en cooperation 

ovec -l'A.I.E.A. de Monaco). Des analyses de Cd, Cu, Pb at Zn ant ete 

effectuees par absorption atomique (four et flamme) et par 

polarographie de redissolution anodique differents 

echantillons. 

Le Tableau 1 donne les concentrations en mt3:taux trouv8es dons les 

Siphonophores : 

Tableau 1 : Concentrations exprim8es en JJ& m8tol /g ( poids sec) 

E spece : 
Chelophyes n=13 
Aga lma n=7 
Abylopsis n=5 
Hi ppopodiusn=4 

Cd 
1. 3:';0.4 
0. 5-t:O. 1 
0 .6;!-0. 1 
1 .0±0 .7 

Cu 
7. 7-!;4.5 
4.4±1.9 
3. 2t1. 7 
4 .9:!:2 .5 

Pb 
1.5-!;0 .7 
2.6-tO.S 
0. 6t0. 3 
2.4t0.7 

Zn 
75±27 
36t6 
82t23 

180:!:49 

Le Tableau 2 donne les concentra'tions dans les Thalacies ( Salpa et 

Tholio) oin;i que dan; leo; eohantillon~ reoueillis dans les pieges p 

s8dimsnts, Cas concentrotions· sont exprimGes en ng mStol/pg phosphorQ. 

Tableau 2 ; Concentrations exprimGes en ng mStol I f.l& phosphors 

Echanti llon 
Sal pes 
Materiel piE!ges 

Les concent r·a: t ions 

comparee s ce lies 

Cd 
0.1 
0.66 

Cu e t 

Cu 
1. 8 

50 

Pb 
0. 9 

292 

Zn 
8. 7 

163 

donn8es par Krishnaswami ~ ~( 1985) pour les 

feces de memes Salpes (9ng Cu/pg Pet 54 ne Zn/f.'2 Pl et montrent que, 

dons le motSrial porticuloire, 18% du Cu at 33% du Zn proviendraient 

des fSce.s En estim~nt une contribution moyenne de 25% de m8tol 

apporte par Jes feces de Salpes materiel particulaire, on peut en 

d8duire las concentrations en Cd et en Pb dans les feces de Salpes qui 

seraient de l'ordre de 0,16 ng Cd/ pg P et de 50 ngPb /JJg P. On 

note des facteurs d 'enrichissement (Metal dans feces/Metal dans 

Sal pes} de 1,6 pour Cd 1 5 pour Cu, 55 pour PO et 6 pour Zn. 

En conclusion, las organismes g€latineux n'ont pas de 

concentrations tres elevees en mStaux sauf _en zinc q"ui est accumule 

porticuliBrement par las Siphonophores ; phenomena avait ete dejd 

observe pour des echantillons preleves en 1984 (Romeo §j;_ ~. 1986, 

198?). O'autre 'part, les Salpes contribuent d'une fa9on notable, par 

leurs feces, f'lux des metaux ' et en particulier du plomb 

M8di terranes. 

Krishnaswami 6., Baskaran M. ,Fowler S.W. and Heyroud M.( 1985), 
8 iogeochemi s try 1, 353-360 

Romeo M, Gnassia-Barelli M. at Carre C.( 1986). Ropp. Comm. int. Mar 
Medit, 30, 2 

Romeo M, Gnassia-Borelli M. ond Corre> C. ( 1987). Wot. Res. 21, 10, 
1287-1292. 

Ce trovoil est et'f'ectui dons le cedre du Proaremme MED POL - Ph<1se II 
en eccord evec le FAO ( CGPM). 
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C-III 
On interaction of Copper with surface active material 

in natural waters 

Marta PLAVSIC and Bozena COSOVIC 

"Rudjer Boskovic" Institute, Center for Marine Research, P.O.B. 1016, 
41001 Zagreb, Croatia (Yugoslavia) 

Copper ions are very important for natural aquatic system as copper is in lower concen

trations an essential element necessary to biota (few nanogramms) and very toxic at higher 

concentrations. Because of its wide application in agriculture and industry copper is po

tentially very hazardous trace element. The distribution and fate of copper ions in natural 

waters is mainly influenced by the presence of organic matter as well as by the adsorp

tion processes on different surfaces ( 1,2,3). 

Copper ions form very stable organic complexes and because of that organic compounds, 

especially those which at the same time have surface active properties, influence greatly 

the behaviour of copper ions in the solution and at the interfaces. The representatives of 

such substances are proteins, fatty acids and lipids as well as humic substances. 

Very useful information about the behaviour and interactions of copper ions with organic 

matter in the solution and on the different interfaces can be obtain from the electro

chemical investigation at the model interface mercury electrode/aqueous solution. 

Anodic stripping voltammetry , is widely used for trace metal speciation in natural waters 

because of its sensitivity. During the preelectrolysis time the adsorption of surface active 

substance can influence the available free electrode surface and the rate constant for 

reduction of heavy metal ions. 

The great majority of surface active substances has the maximum adsorption on the mer

cury electrode at -0-6 V vs Ag/AgCl, i.e. the potential of the electrocapillary maximum 

where th; surface charge of mercury is zero. Because of that heavy metal ions like ci+, 
Pb2+ and zn2+ which hav~ the reduction half-wave potential in the region of the surface 

active material maximum adsorption, are influenced by surface actjve substances (4,5). 

Because copper ions have the half-wave potential of reduction at -0.1 V vs Ag/AgCl re

ference electrode, which is in. the potential region of desorption of majority of surface 

active substances one could expect a weaker influence upon copper oxido-reduc-

tion processes. But copper's great tendency to form organic complexes as well as its en

vironmental significance make copper one of very interesting and important heavy metal 

ion for such studies. The method is based on the previous formation of the adsorbed 

layer of the surface active substance on the electrode surface at the potential -0.6 V vs 

Ag/AgCl together with the simultaneous reduction of copper ions at the same potential, 

and then the study of the anodic dissolution of copper at the modified surface. 

Oxide-reduction processes of copper Ions have been studied by differential pulse voltam

metry using the hanging mercury drop electrode (HMDE) method in the presence of or

ganic film which was formed in the solutions of different concentrations of selected bio

genic surface active substances. The adsorption studies of surface active substances 

were carried out by capacity· current measurements using a.c. polarography, as described 

previously (6,7). The determination of the complexing properties of the surface active 

material were carried out by the complexing capacity measurements with Cu2+ ions by 

DPASV (1,8). It has been estimated that geopolymers and biopolymers like humic substan

ces and proteins, respectively have a very pronounced effect on the anodic wave of copper 

ions. At lower concentrations of copper ions complexing properties of surface active ma

terial are most important and the main interaction will be the complexation. At higher 

concentrations of copper ions and the surface active substances the predominant reaction 

will be the inhibition of the oxide/reduction process of copper ions because of the adsorp

tion of the organic matter on the electrode. 

It has been also investigated the interaction of copper ions with surface active material in 

the samples of natural aquatic systems: seawater, fresh water, as well as in phytoplankton 

culture media, and comparison is made with the behaviour of different model compounds_ 
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C-II2 

Adsorption of Cd(ll), Pb(ll), Cu(ll) and Zn(ll) Ions on mineral 
and model surfaces under seawater conditions 

Sonja KOZAR, Halka BILINSKI and Marko BRANICA 

Center for Marine Research, Department of Physical Chemistry, 
"Rudjer Boskovic" Institute, Zagreb (Yugoslavia) 

The adsorption of the trace metals Cd, Pb, Cu and Zn was studied on 

natural Fa-bentonite and kaolinite. Results are presented in the form of Schin

dler's adsorption isotherms: [Me] adf(Me]tot vs. log X (kg dm-
3

) where X 

is the weighted amount of adsorbent. 

Adsorption characteristics for the four metal ions on Fa-bentonite and 

kaolinite showed similar behaviour for Pb, Cu and Zn while Cd was very slightly 

adsorbed on both solid phases. In comparison with earlier adsorption results on 

model particulate matter such as r- AJ
2
o

3 
(surface area 117 m2g- 1, number 

of sites 8 nm - 2) and Si0
2 

(surface area 220 m2g -I, number of sites 4.5 nm - 2) 

(Bilinski et al., 1976; Plavsic et al., 1980) and on synthesized northupite mineral 

Na3Mg(co3)2CI (surface area 6 m2g- 1)(Vancina et al., 1986), the following 

adsorbability order was observed for seawater conditions with respect to the 

weight of the adsorbent: 

for Pb r -AI 2o 3 ) Si02 ) bentonite > kaolinite 

for Cu '{ -AI2o 3 ) bentonite ~ northupite > Si0
2 
> kaolinite 

for Zn ( -AI2o 3 -;:::::; Si02 ) bentonite > kaolinite 

for Cd very low adsorption was observed except for northupite. 

The effect of major and minor cations (Mg2+, ci+, sr2+) on cadmium 

adsorption was studied with decreasing inhibition of Cd adsorption in the 

following sequence: Ml+) Ca2+;> si+ . 

For anionic seawater constituents the following effectiveness order was: 

Cl- > Br- > J- ~ sot-~ SiO~-

Cadmium was observed to adsorb less in natural seawater as compared to 

artificial or UV-irradiated seawater. Because of the weak interaction of cadmium 

with organic matter in seawater, it appears that the natural organic matter 

in seawater adsorbs on the bentonite surface, thus interfering with cadmium 

adsorption at the bentonite surface. 

Selected model organic ligands, which were recently found in natural 

sediments by Hadzija et al., ( 1985) and by Steinberg et a!., ( 1987) have been 

studied. Alanine, glutamic acid, galactose and galactosamine have been esta

blished as inhibitors, while oxalic acid was found to be a catalyst of cadmium 

adsorption. 
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The mobility of some Carboxy and Hydroxy Benzene 
derivatives on thin layers of Silica gel plain 

and Fe(lll)-lmpregnated 

Olga HADZIJA, Maja TONKOVIC and Sonja ISKRIC 

"Rudjer Boskovic" Institute, Zagreb (Yugoslavia) 

The mobility of metals through soil and sediments is predo

minantly attributed to their complexation with humic sub

stances, mainly via their functional groups such as carboxy 

and hydroxy. These investigations were performed with natu

rally occuring humic material(
1

'
2

) and in this way no in

formations could be obtained about the activity of the func

tional groups with respect to their position in the benzene 

ring. 

In our previous work we had examined by the use of thin 

layer chromatography in water systems as developers, on 

plain and Fe(III)-impregnated silica gel, the behaviour of 

some phenolic acids usually found as degradation products 

of humic material( 3 ). 

In this work we have tested the benzene derivatives con-

taining more than one hydroxy and carboxy group in different 

positions and carboxy groups which are not bonded directly 

to the benzene ring. All tested compounds are derived from 

some of the presumed structures of humic acids or their 

precursors. 

The following was found: 

- on plain plates the compounds tested behaved more or less 

consequently to their solubility in water. Phenolic acids 

which are slightly soluble in water exhibit small mobility. 

Compounds having greater solubility, as are for example, 

dihydroxy benzenes and benzene carboxylic acids moved 

faster. 

- on impregnated plates the compounds behaved accordingly to 

physico-chemical properties of the Fe(III)-comple~es fonned. 

From the behaviour of the compounds on impregnated plates, 

some conclusions about the activities of the corresponding 

functional groups may be drawn. The fact that on impregnated 

plates phenolic acids with free hydroxy group and dihydroxy 

benzenes moved considerably may indicate that Fe(III) as 

well as other metals, by complexation with the related 

functional groups in soil and sediments, become movable. On 

the other hand benzene carboxilic and dicarboxilic acids as 

well as phenolic acids with protected hydroxy groups moved 

slowly or stayed practicaily on the start position on im

pregnated plates. This behaviour may imply the retardation 

of the metals depending on the positions of these groups. 
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MtHhodologie de mesures chimiques 

en continu et en temps reel 
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98030 Monaco Cedex (Principaute de Monaco) 

La combinaison de !'analyse a flux continu et du pn31evement continu 
permet Je dosage en temps quasi reel (avec decalage constant du au temps 
d'arrivee de l'eau de mer a Ia chaine a flux continu augmente du temps 
necessaire a Ia reaction colorimetrique) des sels nutritifs ou d'autres 
substances, permettant Ia surveillance, !'investigation supplementaire et Ia 
verification. 

Un systeme simple fonctionne a bard du bateau-laboratoire RAMOGE 
(vedette de 14 metres). Un tube preleveur, dent l'ouverture dirigee vers !'avant 
et protegee par une crepine en nylon, est installe sur un dispositif reposant 
sur des skis nautiques tractes lateralement. 

C'e tube aspire l'eau de mer !rente centimetres sous Ia surface. Un 
conduit souple en TYGON relie le preleveur a une chaine d'analyse a flux continu 
TECHNICON installee a bard du bateau-laboratoire. Cette chaine determine 
actuellement Ia concentration en nitrates et en nitrites (decalage constant en 
temps ega! a 8 minutes). 

L'aspiration de l'eau de mer est assuree par une pompe peristaltique 
MASTERFLEX assurant un debit de 1500 ml/min dans une cuve a trop-plein 
dans laquelle est immergee l'aiguille de prelevement de Ia chaine a flux 
continu. 

Le materiel a ete teste le long du littoral monegasque. La figure 
reproduite presente, de haul en bas, trois traces : 

- le littoral, 

- Ia route reelle du bateau-laboratoire, a une distance moyenne de Ia 
cote egale a 150 metres, 

- un graphique. d'enregistrement sur lequel les pies A, B, C et D 
correspondent probablement, le jour de Ia surveillance consideree, a l'activite 
de deversoirs d'orage c6tiers. 

Le trace du contour exact de Ia nappe de "pollution" necessiterait Jes 
explorations secondaires (elles ne soot pas toujours utiles dans le cadre d'une 
surveillance de routine). 

L'analyse en continu a bard : 

- evite Ia presence de "trous" dans Ia cartographie d'une surveillance, 

- constitue un "indicateur de .tendance", a Ia hausse ou Ia Ia baisse, des 
concentrations, 

- ne permet pas le dosage quantitatif precis des substances etudiees. 

II est done souhaitable de conserver des chaines d'analyse a terre pour 
les determinations precises. 

Si le systeme utilise permet de contribuer a localiser des 
contaminations, il permet de maniere plus generale de localiser les 
distributions heterogenes de plusieurs parametres chimiques. 

Son utilisation a bard de tres petites unites de navigation (une vedette 
de 8 m a faible tirant d'eau suffit) nous parait devoir etre recommandee. 

N.O. 1, 6 noeuds 
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Vertical distribution of Calcium, Magnesium, Mercury 
and pH measurements in stratified Krka Estuary 
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•• Centre for Marine Research 

"Rudjer Boskovic" Institute, Zagreb (Yugoslavia) 

It was recently suggested that haloclines are important 

sites for contaminant accumulation (2utic and Legovic, 1987; Mantoura, 

1987). The experimental method for mercury determination and samp

ling by scuba diving were described by Kniewald et al.. (1987), together 

with some preliminary data in Krka estuary. It was observed mercury 

accumulation at FW/SW interface on a limited number of samples in the 

profile. Mercury has been also studied in various stations at Adriatic sea 

(Mikac et al., 1988). 

The objective of the present study was to perform more 

detailed profile study of Ca, Mg and Hg ions and also precize pH measu

rements at three characteristic points of Krka estuary (G, K-S, E-:5'). 

Sampling point G is at the entrance of Guduca river to Prokljan lake. 

This river carries predominantly clays and quarz as particulate matter. 

Sampling point K-S is chosen at the entrance of Krka river to the 

same lake. It brings predominantly calcite as particulate matter. Station 

E-3 is situated at the exit of Prokljan lake, in which the main mixing 

of components takes place. 

Experimental : About 10 samples have been collected for each profile 

during April 1987. Part of each sample was acidified for Ca, Mg and Hg 

determination and non acidified part was used for turbidity and pH mea

surements. Visible colloids could not be determined by tyndallometric 
d 

method, indicating· particless smaller than !DO A. 

Experimental data are presented in the form of depth profiles, together 

with salinity and pHNBS measurements. In order to compare experimen

tal results in all three stations, salinity dependance is presented. Signi

ficant. difference has been observed. Ca and Mg concentrations showed 

linear dependence on salinity. It indicates that there is no inhibition of 

diffusion transport of these ions through the organic film studied at 

FW /SW interface by 2utic and Legovic(l987), 2utic et a!.(l988) and 

by Cosovic and Vojvodic(l988). Behaviour of mercury was completely 

different. The surface concentration was low in all three stations: 

G(2.3 oM dm-3), K-S(2.5 oM dm-3) and E-3(!.5 oM dm-3). 

It increased with salinity. The pronounced Hg maximum was found at 

E-3 station(6. 9 oM dm - 3) at S=21 total parts per million; at G station 

(7.8 oM dm - 3) at S=22; and a crach point at the same salinity at K-S 

station (5.5 oM dm - 3) without the pronounced maximum. 

Thus, accumulation of Hg at FW/SW interface was observed only at 

stations E-3 and G, followed by decreased removal to bottom sediments. 

The interface at K-S station had the least influence on Hg removal to 

sediments. 

The measurements of pHNBS also have shown that 

different behaviour exists in all three stations. The measurements will 

be continued with time when different biological activity, respiration 

and remineralization occurs, to get better understanding of metals 

transport (Ca, Mg, Hg and other trace metals) in various stations of 

stratified estuary of Krka river. 
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Wind stress and distribution of chemical parameters 
In the Krka River Estuary 

Z. GRZETIC*, A. SMIRCIC* and A. SKRIVANIC** 

• Hydrographic Institute of the Yugoslav Navy, Split (Yugoslavia) 
•• Center for Marine Research, IRB, Zagreb (Yugoslavia) 

Krka river estuary is a carstic, trainly stable stratified estuary, 
characterised by close interactions of hydraneteorological phencrnena, unde
rground carstic waters and nearshore saline.water of the Adriatic sea. 

Satre enquieries were trade during windy weather (autumn 1987), and 
SCJilE (autumn 1984, pntially 1986) during stable hydraneteorological a:mdi
tions. Selected surveys showed no great diferences in river flow and simi
lar stratification. So, we supposed windy weather was the train factor in
fluenced on dynamic and distribution of chemical parameters. 

Thenn:x:line and halocline sinked dur.ing windy weather. In the same 
situation current field was formed under influence of drift currents (Fig. 1) • 
Even in these conditions, prevailing efects on current direction were by pe
riodic tide currents. 

Tide oscilations were taken fran tide gauge registration in Zlarin, 
near the nouth of the estuary. Validity of this data were checked by visual 
hours registrations on a few places along the estuary. It was established 
Zlarin' s tide gauge registrations has been representative for the whole 
estuary under the waterfall. 

General picture of the current field indicated that in the upper 
part of the estuary and Prokljan lake daninated influence of the river flow, 
while near nouth of the estuary and ~ibeni.k, harbour, daninate periodical 
tide currents. 

Distribution of the chemical parameters offered :imp::>rtant efects of 
wind -Stress upon surface fresh layer and the upper pnt of deep saline layer. 
For exanple, oxygen content shows undersaturation, even during wind blowing. 
Aeration played important role only in the upper part of the water column, 
while near bottom. undersaturation retBined. 

During windy days sinking of thenn:x:line and halocline enables oxygen 
supersaturation. This was a short time disaster and after few hours fanner 
state returned. Distribution of nutrients were also examined. While, for pho
sphate, there was no way to get a straight line of mixing, because of small 
concentration and antropogenic influences, nitrate and si;t.icate gave straight 
line near theoretic for situations without wind, for the whole estuary. During 
a windy conditions, we registered dropping concentration of nutrients in su
rface fresh water layer, and growing in saline layer. It's possible that pro
cesses of remineralization also play a role in last phenanena. Higher values 
of total alkalinity indicate that convection also intensifie mixing of laye-
rs. 

Conclusions 

Results confirmed influence of wind stress on dynamic of the estuary 
and distribution of some chemical parameters. More conservative parameters 
were representative for a windy situation. Sane parametars like phosphorus 
and arronia made a problan because of a small concentration and urban influ
ences. In next investigations it had been proposed better quantification of 
the registered phenanena. 

12 

Fig. 1. Wind stress efect on current hours vectors (18.-21.11.1987) and 
distribution of silicate 
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Etudes des parametres physico-chimiques 

des sels nutritifs dans le lac de Bafa Aydin {Turquie) 

0. YARAMAZ, S. BAUK et R. USTAOGLU 

Ege University, Water Resources College, lzmir (Turkey) • 

RESUME 

Dans ce travail nous avons erudie quelques parametres hydrographiques; S %o, 

DO, T°C, NOZ-N, N03-N, NH:-N, P04~P et Si04
2 
-Si. Des pre!evement ont 

ere effectues chaques mois de Septembre 1986 a Aout 1987, sur quatre sta

tions caracteristiques du lac de Bafa. 

Les resultats obtenus ont montre que les concentrations des NOZ -N, No; -N, 

+ P0-3 . -2 . . . NH 4- N, 4 -P, S104 -S1 vanent auss1 de 0.00 a 49.61 ; 0.24 a 41.00 ; 

13.65 a 504.46 ; 0.00 a 93.93 rg/1 , 2.28 a 27.36 rg.at/1 pour Si en fonction 

des stations et des pleuvent. 
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Biogeochemical cycling in organic rich sediment 

of two lakes in Tunisia 
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Department of Geology, University of Tunis (Tunisia) 

The lake of Tunis and the lake of Garel Melh are Situated 
in the north of Tunisia. They communicate with the opensea and 
have salinity which can exceed 40%-in summer. Tunis lake's 
sediment consist of silty mud rich in organic matter<4% of 
organic carbon) and sulfide<0,7%t'dry sediment; HCl soluble 
sulfide). The porosity of the sediment is high. Sediment fr:om 
Gar el Melh is composed mainly of mud where the rate of organic 
carbon and suI fide are about 0, 2% and 1 %• respectively. The 
porosity here is less important than In Tunis lake. Carbonate 
content varies between 20-40% in Gar el Melh and between 25-60% 
in Tunis. In both lakes, the rate of organic matter varies 
seasonal I y and the water depth never exceeds two meters. The 
two types of sediment are anoxic, where oxydation of organic 
matter is mainly conducted by sulfate-reduction bacteria. 
Bacterial activity is influenced by temperature which varies 
between 18-28c. 

Analysis of sulfate, arJJJlomium, nitrate,phosphate, 
alkalinity, Ph, sulfide, and metals, in the interstitial waters 
during1986 in the lake of Tunis and 1987 in the lake of Gar el 
Melh, allow us to understand the behaviour of these elements 
and to evaluate their Influences on free waters. The 
concentrations of elements (see curves) varie with time because 
of variations of bacterial activity and because of influences 
of waves and currents on sediment. Waves and currents are very 
significant in the lake of Tunis because of the great porosity 
of the sediment. They are cleaning agents of the sediment. In 
the absence of waves and currents and during sUIIJller, bacterial 
activity Increases consequently the concentrations of sulfide, 
anJDon ium and phosphate increase in the intersti tlal waters.So 
f I uxes by molecular di ffusl on are estab l i shed and make anoxic 
the free waters. This is the case especially in the lake of 
Tunis. Besides bacterial activity and waves and currents, 
precipltatlon/dissolutloil seem to control the concentrations of 
the elements. For example, in the lake of Gar .el Melh, 
monosulfldes like macklnawlte and grelgite, siderite, and 
vi vlani te control Iron and phosphate in interst ltlal waters. 
Mathematic model isatlons based on the equation of diffusion and 
treated In no stationarry system are done for arJJJlonium in the 
lake of Tunis*. In this model, the coefficient of diffusion was 
supposed not to change with time. This assumption is 
unreasonnable and induces errors in the calculations of the 
rate of production of this element. Modelisatlons tacking Into 
account physical processes are in course. 
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L.G.H. 
19/5/87-; .10/7/87----; 
16/9/87; .. ; 18/11/87-·-,-·-; 
05/l/88-.. -... ; 

L.T. 
4/1/8~; 14/4/86-----; 
lZ/6/86 .... ; 30/7/86-·-·-1 
8/10/86-; ;_ ·-.-

* A. ADDED; R. BARATIE; F. FERNEX : mode II sat Jon non 
statlonnalre des echanges a l 'interface eau-sedlment dans le 
lac de Tunis.8 th IAS Regional Meeting of Sedimentology. Tunis 
1987. 
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On the chemical composition of the Black Sea water 

along the Romanian coast in October 1987 
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• Polytechnical Institute, Faculty of Chemical Engineering, Bucharest (Romania) 
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Ri3sv.me. L'eau de mer 6chantillonnee sur la plat:eforme continentale roumaine de la mer 

Noire, a ete analysee pour les macro et microelements en appliquant des methodes chi

miques et d ':nalyse par activation neutronique instrumental e. Les zones correspondent 

d celles oU ant Bte effectues des pri:dE!vements de Moules Mytilus G., pour l'etude de 

la pollution, en octobre 1987. 

Int~oduct~on. The aim of this paper was to carry out a general investi

gation on the macro and microelements dissolved in the offshore Black 

Sea water that is not under directly influence of the terrestrial human 

activities and to explain the behaviour of selected man made and natu

ral radionuclides, found in Myth~tu~ G. sampled on the same sites [1]. 

Mate~~at and Method~. Seawater sampled at Sulina (37 km. East, 7 km. 

South, Serpents Island), Portitza (7.3 km. East) and Mangalia (7 km. 

East) in the beginning of October 1987, after a storm of 5 degree, has 

been analysed making use of analytical spectrophotometric and instru

mental neutron activation methods. The results are included in Table 1 

for macro ions,in Table 2 are other characteristics and in Table 3 are 

the elements found by instrumental neutron activation analysis. 

TABLE 1 - Macro-ions mgjf in Black Sea water in October 1987 

Location Na+ K 
+ ++ ++ 

Cl so~ Hco; Mg Ca 

Sulina 5687.7 151.1 875.5 285,5 9210,6 3456.0 256.2 
8-X-1987 

Portitza 5224.5 142.1 719.8 248.4 9219.6 1824.0 268.4 
6-X-1987 

Mangalia 5402.0 141 .1 688.2 226.4 8865.0 2496.0 268.4 
13 .X-1987 

TABLE 2 

Location org.subst. H2Si0t Tot.hardn. Fixed resid. Total miner. 
mgL£ mgL mgji at 105°C mgL£ mgL£ 

Portitza 12.5 5.1 2(10.5 17515.1 17649.7 

Sulina 14 Traces 237,6 19781.3 19909.0 

Mangalia 12.5 Traces 190.1 17955.2 18089.5 

NH~, No;, No;, HB0
2 

were lack in all the samples. 

TABLE 3 Macro and microelements concentration of Black Sea surface 
water (October 1987) 

Concentration Sulina Portitza Mangalia 

Cl 
% 46 .80.!_1.64 60.04!_1.76 46.48.!_1.63 
gji 9.2 !_0.3 10.2 !_0.3 7.9 !_0.3 

Na 
% 23 .52!_0 .59 29.92!_0.75 24 .16!_0 .60 
gfl 4.6 .::.o .1 5.1 .::.o .1 4.1 ::o.1 

% 3.82.!_0.76 3.60!_0.78 2.62_:!:,0.63 
Mg gfi 0. 75!_0 .15 0,61!_0.13 0. 45!_0 .11 

% 0.87.!_0.13 0 .24!_0 .07 0.71!_0.11 
Ca 

gj£ 0.17!_0.03 0.04!_0.01 0.12.!_0.02 

Br 
ppm 2020.::_120 2213.!_130 1500!_90 
mgjt 39.5!_2.3 37.7!_2.2 25.6!_1.5 

ppm 289 .::. 25 74 .::. 14 247!_25 
Sr 

mgfi 5.6 !_0.5 1.3!_0.2 4.2_:1:0.4 

ppm < 36 76!_19 42!_15 
Fe mgji < 0 0 70 1.3!_0.3 0. 7!_0.3 

ppm 11!_ 1 4.4!_0.6 3.2!_0.5 
Zn 

lJg/i 215 .::. 20 75!_10 55!_8 

ppm < 0.9 < 1.2 < 1.1 
Cr )Jgjt <18 <20 <19 

ppm 0.5 .::.o .1 5.5!_0.5 17 .::.o .2 
Sb 

)Jg/i 10 !,2 94!_9 29 .::. 3 

ppm 0 .21!_0 .04 0.19!_0.07 0.15!_0.06 
Sm 

)Jgjt 4.1 !_0. 8 3 .2!_1.2 2.6 !_1.0 
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L'oxygene dissous, indice hydrochimique 
des eaux eutrophisees de Ia zone centrale 

du littoral roumain de Ia mer Noire 

Adriana COCIASU 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

Dans des bassins clos comme les mers d'Azov ou Noire et la M€.diterran€.e, 
qui ont un €.change limite d'eaux avec ltoc€.an, les influences anthropogenes, dues a 
1' apport des fleuves ou aux d€versements directs d' eaux usees domestiques ou industriel
les qui introduisent en mer des quantit€.s importantes de matiere organique, sels nutri
tifs, m€.taux lourds, substances artificiellement actives, representent les premiers 
maillons de certaines chaines de processus et phenomenes ayant transform€. la structure 
et le fonctionnement des ecosysti?:mes marins. 

En mer Noire, cette situation concerne les eaux cOtieres du littoral 
roumain, directement soumises a l' influence du stock fluv;ial, au nord-ouest du bassin. 
La croissance extremement importante des quantit€s de sels nutritifs et de mati€re or
ganique (2) en est la cause primordiale, en provoquant, par le d€veloppement en masse 
de certaines especes de plane ton vegetal, 1' augmentation de la productivit€ prima ire 
planctonique (1), de maniere explosive, par la chaine colat€rale des floraisons. Cette 
eutrophisation biog€nique est accompagnee de phenomenes qui influencent n€gativement 
les syst€mes naturels du milieu marin, se refletant €galement dans la structure chimi
que des eaux marines et particulierement dans le taux d' oxygene dissous, consid€r€ com
me principal indicateur chimique des eaux eutrophis€es. Ses valeurs caract€.ristiques, 
durant la saison chaude, pr€.sentent quelques €carts par rapport au:x lois de sa dynami
que et de sa distribution dans les eaux littorales, modifications egalement signal€es 
en d' aut res secteurs (3). 

Le pr€sent travail concerne la zone centrale du littoral roumain 
Constantza (44°lO'N)-Portitza (44°40'N) ; i1 est base sur l'analyse de 1200 echantil
lons pr€.1eves de mai a septembre de 1984 a 1987' sur un reseau de 14 stations r€par
ties sur deux profils parall€.les a la cOte, a une distance respective de 3 et 15 Mm 
dans la couche de 0 a 40 m. 

Les donnees recueillies ont permis de souligner les particularit€s sui-
vantes : 

. concentrations extremement €levees d 'oxygene a la surface, pendant 
toute la p€.riode analysee, au-dela du contrOle du r€gime thermique, frequemment au
dessus de 9 cm3/l, ce qui depasse les conditions normales (5-6 cm3/l) ; cette situation 
est due a une activit€ de phosynthese extr€.mement intense. Le maximum enregistr€ repr€
sentait 18.43 cm3/l, au nord de la zone Hudiee, oil 1' influence fluviale est plus for
te. La nature biotique de 1' exces d' oxygene est confirm€e par 1' €.tat permanent de supra
saturation de la couche superficielle, avec des valeurs sup€rieures a 150 %, et un ma
ximum de 303 , 6 % ; 

. importante absence d' oxygene dans la couche proche du fond, avec des 
valeurs dans la plupart inferieures a 3 cm3/1, minimum 0,43 cm3 /l, toujours au nord du 
secteur marin €tudi€. Cet €tat d •hypoxie, progressant a mesure que la saison chaude 
avance, est dii aux grandes quantit€s de substance organique issue de la photosynthese, 
qui n' arrivent plus a se min€raliser dans la masse d 'eau et tombent dans les sediments 
superficiels, ou s'ajoutent aux quantit€s de matiere organique du stock continental et 
s'y d€composent, en consommant une grande quantit€ d'oxygene ; 

. importante difference entre le degr€ d' oxygenation des eaux superfi
cielles et celles de profondeur determinant, pour la distribution verticale, un carac
t€.re evident de diminution des valeurs avec des d€clins sur la colonne, ayant de grands 
gradients verticaux (maximum 3 cm3/l/m). 

Afin de clarifier toutes ces anomalies, nous avons choisi 300 €chantil
lons pour effectuer simultane.ment les analyses phytoplanctoniques. Nous avons cr€€. <jua
tre lots de donnees, en calculant les coefficients de correlation de 1 'oxygene avec la 
temperature, la salinite et la biomasse phytoplanctonique ; la signification des va
leurs des coefficients de correlation a €.t€ r€v€1€e a 1' aide du test Student. 

Valeurs des coefficients de correlation de l 'oxygene avec T°C, S% 0 et Fpk mg/cm3 

19St 1985 1986 1987 
02 - T + o,o62 + o,446 + o,5?9 + o,l8o 
02- s - o,5'74 - o,'72o - o,853 - o,659 
02 -Jrpk + o,'7'7'7 + o,-493 + o,624 + o,59o 

l' o,329 l' o,174 l' o,2}o l' o,149 

La principale conclusion que 1' on peut tirer du tableau ci-dessus est 
que dans la zone €tudH~e ( soumise 8 1' influence permanente du stock fluvial) , fortement 
adoucie et riche en sels nutritifs et en matieres organiques, 1 'oxygene n' est plus cor
r€1€ (ou il a une correlation positive) avec la temperature, contrairement a la loi de 
solubilisat;ion des gaz liquides, confonnement a laquelle la correlation est negative.~ 
Ce fait s' explique par 1' action favorisante de la croissance de la temperature sur le 
d€.clenchement des phenomenes de developpement massif du plancton vegetal, done sur le 
renforcement de 1' activit€ de photosynthese. 

La correlation avec la salinit€. est normale, negative, et de meme indi
recte, sa diminution sensible agissant dans le sens de 1 'augmentation de la biomasse 
phytoplanctonique et implicitement de la croissance du taux d 'oxygene. 

Les observations ci-dessus de refletent dans la bonne correlation de 
1' oxygene avec le phytoplancton, le plus grand coefficient de correlation €.tant celui 
de l'annee 1984, oil la biomasse phytoplanctonique a atteint un taux maximal. 

En conclusion, on peut affirmer qu' au cours de la saison chaude de 1' an
nee, dans les conditions mentionn€es, le taux d 'oxygene est fortement influence par les 
facteurs biotiques qui deviennent parfois determinants. Les coefficients de correlation 
calcul€s peuvent etre consideres comm.e valables, compte tenu du degre important de va
riabilite de la zone, dont les parametres ont une evolution considerable dans le temps. 
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This paper concern the nutrient status and the oxygen deficient 

conditions in the Elefsis Bay (Fig. 1) , an anoxic basin in the Saro

nikos Gulf. The concentration of nutrients and dissolved oxygen have 

been determined during seasonal surveys of water characteristics. The 

Elefsis Bay threatened by organic overload is in a more serious state 

of degradation than the rest of the Saronikos Gulf and the destrati

fication phenomenon has substancial effect on the distribution and 

circulation of oxygen and nutrients in the Bay. The oxygen utiliza

tion rates ranged between 1.3 and 1.8 ml.l- 1 month- 1 from Narch to 

June and were considerably higher than those reported for oceanic wa

ters. The nutrient enrichment appears to be considerably influenced 

by eutrophication and human activity. Comparison of nutrient levels 

in Elefsis Bay and in other coastal waters of the Aegean Sea (Fig. 2) 

is shown in Table 1 • 

Elefsis Bay, the most industrialized area in Greece, showed a ten

dency to concentrate all nutrients, but especially ammonium (up to 

16 times background). Thessaloniki Bay showed the highest values of 

phosphate, as well as increased values of ammonium, similar to those 

in the Inner Saronikos Gulf. The northwestern part of the Thermaikos 

Gulf, Thessaloniki Bay and Alexandroupolis Gul·f contained three times 

as much silicate as background, owing to the contribution of rivers. 

The eastern Thermaikos Gulf, the Pagassitikos Gulf and the south Eu

boikos Gulf presented only slightly greater concentrations of nutri

ents than those of th~ Aegean Sea. The north Euboikos Gulf displayed 

a marked accumulation of nitrate and silicate, due rnostrly to the 

great depths and underwater springs. All nutrients were present in 

all areas at levels well above background. The quality of the receiv

ing waters,- with respect to nutrients, depended on the different 

sources of nutrients, the morphology of the area and the currents. 

SAI>ONII<OS GULF 

50• Figure 2 : Map of Greece showing 
.__ _ _,••_· _____ ,._>'.._•_•· __ _.___;=._-'-"~---:u'-'• the compared areas. 

Firure 1 : Locations of the stations acrOss the 
east-west transect in the Elefsis Bay. 

Table1 

Ratio of total =trient per Gulf to background 
nutrients. 

Area 

El.efsis Bay 
Western Sarcnikos Gulf 
Inner Saronikos Gulf 
N=t:h E;yboikos Gulf 
Kavala Gulf 
Alexa.ndroupolis Gulf 
SOOth fuboikos Qllf 
Pagassi tikos Gulf 
'lhessalc:niki Bay 
Western 'lhermaikos Gulf 
Eastern 'Iherma.ikos Gulf 

5.31 
2.25 
2.50 
2.87 
1.80 
1.32 
1.46 
1.02 
5.33 
2.09 
1.18 

4.10 
2.95 
1.39 

13.20 
1. 49 
3.28 
1.41 
2.80 
3.35 
3.81 
2.21 

Rapp. Comm. int. Mer MMit., 31, 2 ·(1988). 

12.66 2.64 6.17 8.04 
2.50 1.11 6.39 4.00 Friligos(1983) 
4.101.55 2.60 3.97 Friligos{1982) 
1.66 0.49 10.20 5.27 Friligos(1985a) 
1.00 0.51 1.41 1.10 Friligos(1985b) 
1.00 0.65 6.21 3.27 Friligos(1985b) 
0.65 0.48 1.17 0.86 Friligos(1985a) 
2.60 1 .25 2.36 2.28 Friligos(1987) 
4.58 3.83 3.88 4.14 Friligos(1986) 
2.91 2.40 3.80 3.22 Friligos(1986) 
1.97 1.53 2.20 2.00 Friligos{1986) 
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Eutrophication assessment based on frequency distribution 
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Fitting physical and chemical variables to frequency 
distributions may prove to be a powerful tool in the management of 
coastal waters. If the probability distributions of variables 
related to eutrophication is established, an assessment of the 
occurence of nutrient/phytoplankton values above cetain levels 
wi 11 be a procedure carried out on a routine basis from existing 
bodies of data. In the present paper the fitting of some 
environmental variables characterising the quality of coastal 
waters to a number of probabi 1 i ty distributions is at tempted and 
the possibi 1 i ty of these to be of use in water quality assessment 
is discussed. 

Sampling was performed monthly from 10 Stations, spaced 
along the coastal area of the city of Rhodes (Period of sampling: 
May 1983 -April 1984). The water samples were collected from 
surface waters and dissolved oxyzen, chlorophylls, phosphate, 
silicate. nitrate, nitrite and ammonia determinations were carried 
out (Strickland and Parsons, 1968). Fitting of the data was 
performed on lognormal and gamma distribution functions (Heyman 
at al 1984) . The goodnes of fit was tested using the Kolmogorov 
-Smirnov test on the pooled data. 

The lognormal frequency distributions of oxyzen, chlg, 
phosphate. nitrate, ammonia and total inorganic nitrogen are given 
in Fig. 1. The distribution of oxyzen values is rather symmetrical 
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Fig. 1. Frequency distributions of dissolved oxygen, chla and 
nutrient variables fitted to lognormal distribution. 

and good fit was also shown to the normal distribution pattern. 
The remaining variables follow more skewed distributions. Nitrate, 
ammonia and total inorganic nitrogen show very short right-hand 
tails. Phosphate show a distribution pattern more "normalised". 
The distribution parameters and the goodness of fit are shown in 
Tab. 1. All parameters showed very good fit to the lognormal 
distribution. Gamma distribution is only applicable to oxyzen, 
phosphate and silicate whereas, nitrite showed a better fit to 
gamma rather than to the lognormal distribution. 

Tab. 1. Probability distributions of dissolved oxyzen, chla and 
nutrient concentrations. Parameters a and bas well as 
the goodness of fit (K-S test) are given. 

Probab. 
distr. 

Para- 02 Chla P04 Si02 N03 N02 NH3 TOT N 
meter 

Log- a 4.60 0.23 0.07 12.87 1.55 0.08 0.61 2.13 
normal b 0.36 0.45 0.06 6.12 3.35 0.16 0.48 2.38 

K-S* 0.08 0.17 0.01 0.06 0.10 0.15 0.08 0.08 

Gamma a 155.33 0.52 2.02 3.12 0.32 1.55 0.80 0.6!3. 
b 33.75 2.61 30.24 0.24 0. 21 23.72 1.27 0.28 

K-S* 0.08 0.25 0.11 0.13 0.28 0.09 0.26 0.23 

K-S: Estimated Kolmogorov Statistic. ** Not rejected at 95% level 

* Not rejected at 99% level. Rejected at the 99% level. 

The results presented above indicate the following: 

1. The oxygen distribution pattern is symmetrical and therefore 
this variable can be considered as being conservative (Heyman et 
al. 1984). 

2. Nutrient and chla distributions are highly skewed with 
pronounced rihgt-hand tails 

3. Lognormal distribution seems to be more satisfactory for 
assessing the concentration levels of environmental variables. 
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A comparative study on the nutrients, anionic detergents 
and environmental parameters in lzmir Bay (Aegean Sea) 
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ABSTRACC 

[n all tO stations were selected for this study. Primnry ecoloelcnl factors nut

ci~nts teve ls and anionic dcteq~_ent concentrations wece cecordecl fr.om the po llutcd 

towards the non-polluted ilreas of the bay. The results show thnt, there is n decrease 

steadly in the pH, temperature, nutrient levels ani deteq;ent concentrations, stnrtinp, 

from the inner stat ions to•ards the outer ones. The tmnsparency (Secch i disc) ,oxygen 

levels and salinity values have increased from in the snme direction. However, a fluc

tuntLon in the parameters studied was observed due to the seasonnl variations in the 

consta l d ischaq~e. 

fNTRODUCTION 

Due to a gradual increase in the volume of effluents from industry, urbanis.:1tion 

nml agricultural practLces, pollution is effecting the tzmir Bay to a large extent 

like other bay in the coast of Turkey. The effluents CO!l\0 form different sourees 98 

disch.:1rge points and 7 streams. As such, an important cute of contamination by toxic 

substances and this is of seen especially clueing summer months in the bay vital imr;or

tance for p1b lie hen lth. 

As indicated in our previous studies (GELD[AY and UYSAL, l978;YARAMAZ and UJNCER, 

1985) toxicity of the pollutants effects the biological activity. Both the larval 

development as well as the oxygen transport are inhibited by O.l gr/rn 1 detergent con

centrations in the marine environmet. On the.other hand nitrate and phosphilt,-, ntios 

too h:lVe been raported to produce toxic effects on the algaes and plancton after 

certain levels (TOPmNG, 1976) In view of this, the studies in this dicection are being 

continued. 

MATERIALS AND METHODS 

~ : The locations of the 
sampling stations in 
the Izmir Bay. 

RESULTS AND DISCUSSioW 

The locations of the to selected samr;le 

stations) staring from the inner bay towacds the 

outer, are shown in fig. l.Samples of water were 

collected from the different depths using Hydro

Bios water samplers. The sAmpline was done 

seasonally during !986. The analysis of the samp

les were made by methods described by STR fCLAND 

. and PARSONS 0972), VOOD (1975). 

The results obtained are given ln the tables 1 nnd 2. [n order to glve a cle<1r 

plcture of ouc flndlng the results have been covered in the flr,ures 1 and 2 too. A 

persual of these tables and fl8\lres shows that, there is fl gradual descease in the 

le~ls of nutrients (No: =
2
N, 1.34-0.03 ; No;- N, 2.14- 0.63 ; Nllz- N, 21.24-3.89; 

P04- P, 3.32-0.17; Sio4 - Si, 9.72-3.32; ue:at/1; anionic detergent concentra

tions (4.34-0.42 mg/l); Temp. (18.50-18:13 °C) pf! (7.74-7.68) and an increase in the 

trancparency (Sechl-disc 1.93 m - 13.65 m) , DO (5.03-7.25 mg/1), Salinity(% o 

35.60-38.32) as we move from the inner towards the outer bay. On the other hand, " 

increase in the parilllleters studied was observed due to the 1effects of Cediz river 

discharges. 

These results are expected to effect the fauna and flora of the bay to a large 

extent ( K(JCATA§, l98l) the prohibitive steps taken during the last 5 years by the 

fzmir Nunicipality seems to have played a great pole in this direction. The <;akalbur

nu and Rngtp Pn§a fishing areas are still inactive due to the pollution effects. [f 

steps are not strenghtened more than the present situations Homa area will too suffer 

the same fate. It is possible that these strong stel's against pollution revive the 

above mentioned areas too in near future. It appears to us that untill the time the 

r,rand Canal Project around tha bay of tzmi.r is completed there will be an increas in 

the pospha.te and nitrate levels, because of the use of phosphate rich detergents in 

our area. However, this problem could be overcome to some extent by prohibiting the 

use of said detereents and suggesting the use of NTA detergents. . 

l<e believe that, prohibitive steps taken towards the cleaning of some of the 

polluting sources should be spcead over all other sources. A completion of all these 

steps wi 11 revive the mnrine life in the bay of tzmir. 
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Distribution of chlorophyll and nutrients 
in lzmir Bay (Aegean Sea) 

Baha BUYUKISIK 

Ege University, Science Faculty, Department of Hydrobiology, lzmir (Turkey) 

SUMMARY : In two subregions of iz:nir Bay, TIN, phosphate, si! icate and chlorophyll-a concen-

trations were measured bet'.lieen the years 1984-1985. In The Inner Bay which has been pol luted Si :N:P 

ratios were 4.68:7.02:1 while they .,aere 51.45:20.55:1 in an unmpollu'ted region, GU!bah<;e Bay. From 

these ratios and r';trient-chlorophyll correlations, it was suggested That TIN and Phosphate !"'c.Y be the 

I imiting nutrients in the Inner Bay and GUibahJte Bay respectively. 

INTRODUCTION : The knowledge of the nutrient levels and nutrient ratios in the 
Aegean sea were reported by :\lc GILL (1963),FRILIGOS (1981), B0Y0KI~IK (1983), 
BOYOKI~IK and ERBIL (1987) but chlorophyll observations in the eastern part of 
Aegean Sea have not been reported. This paper will give the unique observations of 
chlorophyll concentrations and nutrient levels in the eastern part of Aegean Sea. 

MATERIAL AND METHODS : Sampling were made vertically at the stations given in 
figure 1 between 1984-1985. ChloroiflyiJ.:.'a were measured using three chromatic 
method. Nutrients were determined according to STRICKLAND and PARSONS ( 1972). 
Totally 30 samples were taken in Giilbah<;e Bay at the date of 30th May, 13th August, 
14th November 1984. 44 samples were also taken in Inner Bay at the date of 25th May, 
14th August, 15th November 1984 and 27th February 1985. 

RESULTS AND DISCUSSION : 

In the Giilbah.;e Bay, the chloro
phyll-a concentrations were low 
in May ( mean:0.85 pg/l.,range: 
0.45-1.37) and increased in 
August ( 1.87 ,1.09-3.18). In No
vember, mean value decreased 
again (0.20,0.02-0.34). The mean 
nutrient concentrations and 
ranges were the following: Total 
inorganic nitrogen (2.26 pg-at/1., 
0. 5-5.3), reactive phosphate 
(0.11 ,ug-at/1 ·.,0.00-0.37), re
active silicate (5.66 pg-at/1., 
0.99-17.37). 

so 21" 

Figure 1: izmir Bay ·and location of stations; 

In the Inner Bay, while the mean 
chlorophyll-a's value was 5.33 
,ug/1 (1.61-9.36) in May, it in
creased to 13.32 ,ug/1. (2.29-
24.22) because of the diatome 
growth (BOYOKI~IK and ERBiL, 
1987) in August and decreased 
to 4.07 ,ug/1. (0.5-7.69) in 
November. By the end of Febru
ary, another diatome bloom 

raised the value to 28.04 pg/1. (1.68-61.87). The mean nutrient concentrations were the 
following: TIN (10.11 ,ug-at/1.,0.4-35.9), reactive phosphate (1.44,0.0-4.6), reactive sili
cate (6.74 pg-at/1.,0.3-35.7). 
There was a good correlation between TIN, P and Si in the Inner Bay. The relationships 
were expressed as [TIN] = 9. 76 [ P J -3.07 (cor.:0.927) and [ Si J =3. 728 [ P ) + 1.379 
(cor.:O. 731). These two equations express that Phogsphate and silicate will still be 
present while TIN were consumed completely. From these results, it follows that TIN 
is likely to be a limiting nutrient in the Inner Bay. Si:N:P ratios were low (4.68:7.02:1) 

in the Inner Bay. The low Si:P ratio arise from the 
silicate depletion of diatomes and from slower 
turnover rate than that of phosphate. The Si:N:P 
ratios in Gulbah.;e Bay were 51.45:20.55:1. These 
high ratios are due to the phosphate deficient 
waters of Giilbah<;e Bay. Phosphate is more limiting 
to phytoplankton than total inorganic nitrogen 
and silicate. The following relationship proves that 
result too: [Chl-a(pg/1)] =2.559[ P(pg-at/1)] +0. 780 
(cor.:0.366). TIN and silicate were inversely related 

CHLOROPH'ILL a (~'ill/.) 

. :/. 
~ 

with chlorophyll because of the fact that phosphate . 5 ~ deficient waters, containing low chlorophyll-a, 
have high nitrogen and silicate. Hiperbolic relation-
ships were found in the Inner Bay due to the high 
biological productivity. 

• • • t 

Figure 2: The phosphate/chlorophyll-a 
relationship in Giilbah.;e Bay. 
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The Mediterranean Sea has been described as the most impoverished large body of 
water in terms of dissolved nutrients (Redfield et al., 1963). There are a number 
of studies which have determined the nutrient concentrations in the westedt and 
central Mediterranean Sea. In this study, dissolved nutrient data are presented 
from a cruise of the R/V Shikmona in the Levantine basin of the Eastern 
Mediterranean Sea south of Cyprus in August-September 1987. Mesoscale eddies have 
been recognized and studied as potentially important oceanographic features. 
Recently, similar eddy features have been discovered in the Levantine basin of the 
eastern Mediterranean Sea (Robinson et al., 1987). Fox and Kester (1986) noted 
that dissolved nutrients can be used to identify and delineate such mesoscale eddy 
features. We have used analysis of dissolved nutrient as well as temperature 
profiles to search for the presence of such eddy features within this region of the 
Levantine basin. 

The temperature and salinity measurements were measured in situ by a Neil Brown 
CTD. The nutrient determinations were carried out in the labansamples which had 
been preserved by freezing on a rapid flow analysis Alpkem system. For a complete 
description of the methodology used see Krom et al (in prep). 

The temperature and salinity profiles were typical of previous data from this 
region of the Eastern Mediterranean in summer. There was a 30-50 m deep mixed 
layer. At a depth of 70 m there was a salinity minimum of N. Atlantic water. 
From 100 to 500 m the Levantine intermediate water was found which was underlain by 
deep water which continues down to as far as was sampled (2000 m). This pattern 
was also observed using nitrate and A.O.U. data to calculate "preformed" nitrate. 
The upper layers, to a depth of 150 m, had low nutrient content. The deep waters 
below 500 iD reached levels of 5.5.-6.3 uM nitrate and 10-12 uM silica. These 
values of dissolved. nutrients at depth were much lower than those found typically 
at similar depths in other oceans: 40 uM nitrate in the Pacific and Indian Oceans 
and 20 uM nitrate _in the Atlantic Ocean, 130 uM silica in the. Pacific and Indian 
Oceans and 40-100 uM silica in the Atlantic Ocean (Spencer, 1975). 

Fig. 1a and b represents the vertical distribution of temperature, salinity and 
dissolved nutrients across two of the three major E-w tracks of this cruise. On 
the southerly track (32.5°N) there was very little variation between stations (Fig. 
1a). Based on the temperature and salinity profiles which were measured every 50 
kms on this leg, there was no evidence of any mesoscale eddy features in this 
region. 

On the more northerly track (33.5°N), two eddy features were encountered and can 
be clearly defined (Fig. lb). The major structure was centered on station 338. 
It is a warm core eddy in which the thermocline and nutrient !so-concentration 
linea are depressed by 350 m relative to the adjacent areas. It is not possible on 
the buill of temperature and salinity contouring alone to determine how deep the 
feature extends, because the temperature and salinity are essentially constant 
below 500 II• However, the contours derived from the silica profiles show clearly 
that the eddy extends down to at least 2000 m depth. A second mesoscale feature 
centered on station 335 was also observed. 
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ABSTRACT 

The chlorophyll-a end humic acid fluorescence of phytoplankton cultures and 
of semples of coastal sea water from the Northeastern Mediterranean have 
been measured. Cultures of phytoplankton were maintained under sterile 
conditions at 25 ·c. The number of cells present was determined 
periodically by optical microscopy. Hulllic acid concentations were 
·determined spectrofluorometrically using 360 nm exitation and monitoring 
455 nm emission according to the procedure given by Balke!? et al., <1983) 
and commercial soil humic acid wes used as a standard. Chloropohyll-a 
concentrations were also determined spectrofluorometrically using exitation 
at 425 nm and monitoring emmision at 660 nm according to the procedure of 
Strickland and Parsons <1968> and using coproporhyrin as a standard. 

The phytoplankton culture generated humic acid fluorescence as soon as 
cells started to die. Figure 1 shows typical generation of humic acid 
fluorescence by Nitz1a Lcnglss!mlJ diatoms end the number of living intact 
cells in the culture. Probably all species of phytoplankton generate "humic 
acid" fluorescence as is s•Jggested in Figure 1 by the rise in emmission 
when· a culture of mixed phytoplankton was added to the sterile nu.trlent
humic acid solution. In a h<!althy colony of phytoplankton birth end death 
will be occuring simultaneously, growth being the excess of births over 
deaths. These results suggest that the intensity of "humic acid" 
fluorescence may be usable as a measure of death rate. 

Statistical measurements of the intensity of humic acid fluorescence from 
samples of surface water collected from the NE Mediterraneen resulted that 
in the coastal region humic acids occur non randomly in clumps. 

Further insight into the distr:-ibution of humic acid in coastel waters of 
the NE Mediterranean was obtained from its depth profiles with the 
chlorophyll-a profiles <Figure 2>. At some locatiohs and at the same time 
the humic acid and chlorophyll-a concentrations were in phase, maximum and 
minimum concentrations of both compounds occured at the same depths and the 
concentration of humic acid was approximately proportional to the 
concentration of chlorophyll-a. The hboratory studies of phytpoplankton 
suggest that such results should be interpreted as observations of healthy 
colonies of phytopl!!nk.ton, the concentretions of humic acid being 
consequence of the more or less steble rate of mortality within the colony. 
Sometimes humic acid and chlorophyll-a concentrations were out of phase, 
humic ecid 111axime occuring et the same depths as minims in the 
chlorophyll-a concentrations. In these instances 1t is netural to regard 
the humic acid es erising from decayed or decaying voegetation. Thus it 
would seem that in thesoe uupt·oductlvl! coestel waters mur.h of the humic acid 
fluorescence of the sea generated from colonies of living phytoplankton and 
from decaying vegetation and that in consequence it is distributed non 
randomly in clumps 
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The Mediterranean Sea, particulat-ly the eastern ~1edi terranean, 
has long been known as an impovecished body of water <McGill, 
1961,1965 and 1969; Schink, 1967; Miller et al., 1970 and 
Morcos, 1972) due to the low levels of nutrient elements. 
Incoming Atlantic surface waters are already low in nutrients, 
and therefore unable to replenish losses due to outflow of the 
relatively nutrient-rich intermediate water through the Strait 
of Gibraltar. While the oceanographic da.ta. related to the 
levels of nutrient elements within the southern and 
southeastern sections of the eastet·n Mediterranean are 
considerable <Israel Report,1985; f\1orcos,1972; ~1cGill, 1961, 
1965; and Emara, 1973), there is only one set of data within 
the northeastern basin of the 1'1edi terranean which was obtained 
during the October-November, 1961 cruise of R/V Chain. 

In ocder to fill the gaps in the data related to the levels 
and hot·izontal distributions of nutrient elements within the 
eastern Mediterranean, levels of nutrient elements, namely 
ortho-phosphate <o-P04 ), molybdate reactive silicate <Si<OH) 4 ) 

and total oxidiz·ed nitrogen compounds <N0,3 +NO,c,><ONC> were 
measured seasonally within the coastal and off-shore regions 
of the northeastern Mediterranean during the 1986-1987 cruises 
of R/V BILIM. Data were taken in April, June and November, 
1986 and in February-March, June and September, 1987. 
Concentrations of nutrients were found to be very low within 
the upper lOOm depth layer a.nd rapidly increased below lOOm 
down to 800m. .The concentration ranges for the ortho
phosphate, ceactive silicate and oxidized nitcogen compounds 
<ONC) for the upper layer waters were found to be in the range 
of 0.04-0.50 ~g-at P/1, 0.50-3.0 ~g-at Sill, and 0.50-3.0 ~g
at N/1, whereas those of deeper layers were 0. 10-0.50, 4.0-
5.0, and 4.0-10.0 ~g-at/1, in respective orders. The striking 
feature in both horizontal and vertical distributions of 
nutrient elements is the good correlation with the circulatory 
features of the region. The presence of meso- to large-scale 
cyclonic and anticyclonic gyres in the region affects the 
distribution of nutrient elements within the area. The Rhodes 
gyre is a well known and relatively large scale cyclonic gyre 
located in the western section of the northeastern 
Mediterranean. Nutrient-rich deep wa.ters in this region are 
transported upward into the upper euphotic zone by vertical 
movements at the center of the gyre. The consequence of this 
upwelling is the enhancement of primary productivity and 
standing stock of the area. The anticyclonic gyres found in 
the offshore regions of the Antalya Bay and Iskenderun Bay are 
the areas where reverse processes in the nutrient distribution 
are observed. 
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Chloropyll-a use.j ss an e~ttmetton there of the !ltendtns phytoplankton 
crop, 1nvest1ge:ted !n the rtortheestern Medlterreneen. The analysts of 
chlorophyll-cr was performed on th~ 90~ ecetone extracts: end both 
spectrophotometricelly en-d sper;trorluorometr!cl!lllly. Stricldend and Persons• 
(1968> formula w~s employed for the calcul~t1on of spectrophotometric 
results froM the ebsorbences me1.1sured et 750, 600-665, 645 end 630 nm. 
Calibration used copropcrphyrln 1-tetra methyl ester as a stsnderd end this 
chlorophyll-like substenc~ W'lS absolutely !l'l~esured spectrophotometrically 
for the determln,tton of ],,., r.hl.,ro:ophyll-a cont:entret!on by 
spectrorluorom~try. f\n P.mlsston w.,velength of 660 nm and ex!htion 
wavelength of 4.25 nm ~r~ .us~>i ~·lth a 60 nm bendulth. Th~ vertical 
attenuation of light w.,s m~"S'Jr~.J by a submarine photo-detector. The 
detector measured the percent..,ge or light ot s~lected depths with respect 
to the intensity of the surface light. Inorgenlc phosphate, 
<n1trate+nitrite> and rl!er:tlve sllicete were meesrJred by Technicon II 
Autoan8lyzer following the m-:!thods gl ven by Stridtland hnd Parsons, C1968>. 

Seo water somples "ere collec te~ by R/V Bll !II, o reseorch vessel or Middle 
East Technic~:tl University, covering the period from April, 1983 to 
February, 1987. Deep chlorophyll-a me:dme w~re observed in the NE 
Mediterraneen regardless of th'? tll!'le of the year execpt winter and the 
location. Deep chlorophyll-a htyer usually located at e depth of 
1-10 '7:. of the lnr:ldent sufer:e solar radiatton end the le:yer coincided with 
the depth range of sllght nutrient gradient layer end this corresponded to 
the 80-130 m range in tht? w"tl':!'r column in tho:! NE Mediterrane~.tn. The typical 
examples of deep chlorophll-a r.~~xi~na together with the vertical 
distribution of temperature, solar radiation end nutrients ere illustrated 
in Figure 1. Deep chlorophyll-a has regularly been noted in oligotrophic 
weters (Cullen, 1982> ""d tn th~ E~stern Mediterranean, off the Israeli 
Coest (8er~nan et ~li 1 1984 e>. 

The reesons for the deep chlorcphyll-a maxiM can be discussed as follows: 
Phytoplankton cells may aggregate within the nutricllne due to increased 
buoyancy or other behevlorel cheracterlsttcs. As is clearly seen from 
Figure t the euphotic zone ts poor in nutrient supply end e slight increase 
of nutrients with depth encourages the primary producers to 1nhab1 t deep 
weters. A very signlficcnt portlon of phytoplankton biomass and 
phytosynthet!c activity ln oligotrophic regions is associated with 
organisms smeller than 3 pm even J pm <Johnson end S1eburth.1979; Ll l!'t 
al., 1963}, Often these plco-plenktons ere relet!vely more numerous towards 
the bottom of the euphctlc zcne or tn deep chlorophyll mexitM end they are 
!ldapted to low in tens! ty of light in the Rreen re)\1on of the spectrum 

<Platt et ~1., 1983>. At ell se-escns both for ne.osrshore and pelagic waters, 
the m"Jorlty of the chlcrophyll in th~ £estern Medit'!rraneen is associated 
with organisms smaller th.,n 3 pm (Perman et ttl .• 1964 b). The euphotic 
zoneln the NE Medlterrene"n ts rel!!tlvely deep since the lt of the incident 
soler radiation was dete~te1 in the range cf 100-120 m end photosynthetic 
:~!!~e phytoplankton prefer to !nheb1t the deeper levels of the euphotic 

The hor1z..,ntol and V"'!rtlcel d1str1butlon of chlorophyll-a were also 
influenced by th2 phys1c:ll t!Sfescts ln the NE Medt terranean, especially the 
regional <cyclonic and antlcyclonlc> clrculation systems. 
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ABSTRACT 

The composition of sediments 
from the Northeastern Mediterranean 
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Mediterranean waters are quite ollgutrophic and water becomes increasingly 
poor as it moves eastwards. Thus the sediment underlying these waters is 
not as rich in organic material as have been expected, but 1-!0cm thick 
Halocene and Pleistocene sapropels -organic rich clays- are widely 
distributed in the Eastern Mediterranean <Kulienberg, 1952; Calvert, 1983; 
Shaw and Evans, 1984>. The nature, distribution and origin of sapropels in 
the sediments of especially the Northeastern Mediterranean is lacking, thus 
the present study is just a start for the future investigation of the 
chemical compostion of the sediments and the sapropel and sapropelic layer 
of the sediments in the region. For this purpose core samples were 
collected during the April, 1983 cruise of R/V Btl!M to the NE 
Mediterranean. 

The core samples were collected using a piston corer lined with plastic 
tube. Opal and quartz were determined on smear slide sediment samples by 
X-Ray Fluorescence Spectrometer with CuKa radiation following the methods 
of Eisma and Vander Gaast, <1971> and Calvert, <1966> respectively. The 
total• organic carbon and carbonate were determined using a gravimetric 
Carbon Analyzer and measuring the carbondioxide evolved by dry combustion 
at 1100 ·c and by hot 10% HCl respectively. Humic acid was extracted from 
the dry sediment with 0. 5M NaOH at reflux temperature- The extracted humic 
acid is precipitated by the acidification of the extract with 0. 1M HCl to 
pH=2. 

The organic carbon content of the sediment samples from the coastal shelf 
of the NE Mediterranean was very low and measured less than 1:4 of dry 
weight. The low percentage of opal, >5%, is also consistent with the low 
organic carbon content. The concentrations of quartz and clay minerals were 
also low in the analyzed sediment samples their quantities can be given as 
)7% and >28% respectively- Thus the major component of the Northeastern 
Mediterranean coastal sediments is calcium carbonate since for all the 
analyzed sediment samples the concentration of CaCO"' was in the range of 
61-63% . The concentration of total organic carbon in the sediment was 
found relatively high, 3.8t, at one of the sampling station since the area 
seems to be under the effect of terrestrial input. On the other hand there 
is weak possibility of the presence of sapropelic layer in this core 
sample. The assumption is weak because the total depth of the water column 
was around 70 m depth where the core sample was collected and it was 
previously shown that the sapropelic layer was observed in the sediments of 
400 m depths or more in the NE Mediterranean <Shaw and Evans, 1984). 

The amount of humic acid extracted from the NE Mediterranean coastal 
sediment samples is quite lew, being approxi rna tel y 1 Z of dry weight. Humic 
acid accounts fer about 2.0-5.57. of the or·ganic matter in these sediments. 
In the Eastern Mediterranean st~prcpels, humic acids were found to amount 
22-60Z of the total organic material <Deroo, 1978) . 
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a travers le detroit d'Otrante et l'arc de Crete 
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Abstract. This -paper presents_a_ pre 1 1minary study of the exchange process ot the 
Ionian sea with the Adriatic and Aegean sea. based on the data from LIA-5 cruise of 
R/V AEGAIO (March- Apnl 1987). 

We i~entified the mixing of the Adriotic water wlth the Levontine one. 1n the 
v1cin1ty of Otranto Strait. The water inflowing from the Adriatic IS of recent 
formation. rich in oxygen and poor 1n nutrients. Exchanges between the Aegean and 
Ionian seas through the. straits of the Creton Arc show a supply of nutrients in the 
Aegean by the inflow of LIW from the Levantine Intermediate water. 

La mer Ion1enne joue un r~le Important dans la clrculatlon de la Me'd1terram~e 
Orientale. En effet, elle commun1que ~ lo fois avec le bassin occidental ~ travers le 
dthroit de Sicile. avec lamer Adriatique a travers le detroit d'Otrante et avec la 
mer Egee A travers les tro1s d<!troi ts occ1dentanc de 1 • Arc de Crete. 

Dons cet ort1cle nous examinons les echanges de la mer Ionienne ovec 1 · Adriatique 
et I<> Mer Egee. Les donnees uti I isees proviennent de lo campagne LIA-5 rt!al isee en 
Mars- Avril 1987 a bord de N/0 AEGAJO (Figure 1). 

Les eaux profondes des stations 1.2 et 3. proches du detroit d'Otrante. ont des 
lmportantes concentratiorsen oxyg~ne (~5,5 ml/L Figure 21 ce qui indique qu'elles 
sont formees recemment. En effet cet masse d'eau dense ( ot>•29,20 l est de l 'eau 
d 'Adnatique "Ad" fonneeen hiver au ~ud de cette mer (Wust 1961, Zore - Armanda 1972, 
Georgopoulos U ~- 1986). 

La distnbution vertlcale de I ·oxygene, <les nitrates et des phosphates presente 
d' 1mponantes fluctuat1ons dans les couches profondes de ces stations qui sont due au 
melange aes eaux de 1' Adnat1que qui sortent au-dessus du seuil avec les eaux de Ia 
mer lomenne qu1 s·e din gent vers le detrolt. 

Les eaux profondes (au-aessous de 600 m) ae la mer tonienne deviennent homog~nes ~ 
partir au sud de 39oN Jatltude. L'oxygene se stabil1se auteur d'une valeur de 4.2 
ml/1 (f'lgure 2J les phosphates 0.2 >'Met les nitrates 5 .,M. Cette eau homoglme est 
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de l'eau profonde de Ia Kediterranee Orientale fonnee selon Lacombe et Tchern1a 
(1972) par le melange de 1 'eau Adnatique "Ad" avec l'eau Levantine "Le" da9s une 
pro pot 10n de 7: 1. 

11 taut remarquer que les statlons procnes du <letrolt d' Otrante ont un rapport 11/P 
~ 26.4, different des autres stations de Ia Mer Ion1enne (N/P - 20.9). Cette 
<lifft!rence provient prollalllement des d'1versea proportions du "Ad" et au "Le" dans 
ces deux groupes .des stat 1ons. , 

En ce qu1 concerne les echanges avec Ia Mer Egee a travers les tro1s detroits 
occidentaux (Cervi. Cerigo, CerigottoJ .de I· Arc de Crete. on peut constat~r .. ~ partlr 
des distribut1ons verticales des nltrates dans les statlons proches des detro1ts, que 
1 ·apport en sels nutritifs dans la Mer de Cr'l!te en cette epoque se. falt 
princlpalement par le detroit de Cerigotto (Figure 3). II taut noter que le seu1l de 
ce d6tro1t est plus profond que les deux autres et sa largeur est de 32 km. 

En comparant la station 24 dans Ia mer de Cr~te avec la station 15 dans Ia Mer 
lonienne, a I 'ouest des detroits (Figure 3) on peut constater un important 
appauvnssement des eaux profondes en sels nutri tits dans la Mer de Crete. 

En Mer de Crete on observe une couche superficielle melangee. caractlfi-lstlque de 
cette sa1son, qu1 arrive ~ 3UO metres de protondeur. avec une concentration constante 
en nltrates (1 >'Ml. A partir de cette profondeur Ia concentration des nitrates 
augmente 16gerement pour se stabiliser auteur de 2,5 11M ( Figure 3). Par centre, la 
couche ae surface en Mer Ionienne est completement privee de nitrates. Un fort 
gradient apparait entre 100 et 400 m~tres. Au•dessous de 600 metres Ia concentration 
des nitrates se stabilise {Figure 3). 

En conclusion cette etude pre liminaire permet d' identifier lee processus de 
melange del ·eau Adnatique avec I 'eau Levantine a- proximite du .detroit d'Otrante 
pendant Ia peri ode de Mars - Avn l. L · eau entrant de 1 · Adnat1que est une eau ~e 
fonnat1on recente nche en oxygene et pauvre en nutritifs. L'echange aver Ia Mer Egee 
a travers 1 • Arc de Crete tal t apporaitre un apport de sel9 nutri tits vers le sud de 
laMer Egee. par 1 'lmtree a'eau intermediaire Levant1ne. 

~:~;::~~~os D .. Theocharis A. ,Zod1at1s G .. l98o. Water masses in the lon1an Sea. 
Paper presented at POEM Workshop. Erdemll Turkey. June '8o. 
L"combe H.. Tchernl" p .. 1~·72. Caracteres hydrologiques et c1rculation des eaux en 
Ked1terranee, in:The Mediterranean Sea, ed1ted by D.J. Stanley; 26-36. 
Wust G .. 1961. On the vertical circulation of the Mediterranean Sea. ~'2.:....-i!f 
Geophys. Res .. 66 {10) :3261-3271. 
Zore Annanda M .. 1972. Formation of Eastern Mediterranean: Deep water in the Adriatic. 
l.a tormat10n des eaux oceaniques profondes. Colloques internat ionaux du CNRS No 215. 
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C-III7 
Recherches des parametres physlco-chlmlques, 
des sels nutritifs et des detergents anlonlques 

dans Ia p6cherle d'Homa, tzmlr (Turqule) 

0. YARAMAZetA.ALPBAZ 

Ege University, Water Resources College, lzmir (Turkey) 

Nous avons etudie les concentrations des sels nutritifs et des surfactants, les 
donnees hydrographiques T°C, DO, S%a, pH, No;-N, NO]-N, NH~-N, P043-P, Sio42-si, Sestone, 
les detergents anioniques, en 1986, chaque mois au niveau de trois stations situt?es dans 
la piH=herie d'Homa, entre la riviere Gediz et la saline <;almati, dans la baie exttfrieure 
d'Izmir. 

Les resultats obtenus laissent apparaitre que T°C, DO, S%o, pH varient de 4°C 
A 30,5°C; de 6,0 d 11,2'mg/l ~·de 27,49 a 38,61 %a; de ,7,45 A 8,10,. No;-N, NOj-N, 
~~-N, P0~3-P, Si0~2-Si, Sestone et les detergents a~ioniques varient, e§galement de 0,12 
a 1,76; de 0,52 a 5,12; de 2,53 a 62,59; de 0,19 a 8,08; de 1,63 a 19,22 pg.at/1 ; 
la sestone oscille de 30,90 a 274,00 mg/1 ; de o, 11 a 4,22 mg/1 en fonction des stations. 

INTRODUCTION 

La pecherie d'Homa situee a 38°33'10"N et 26°49'50"E a une superficie de 1800 ha 
et la profondeur moyenne est d 'un metre ; elle se trouve dans la baie ext€rieure d 'Izmir 
(Fig. 1). 

Cette pecherie est 1 'une des plus importantes de la region Eg€enne~ La produc
tion annuelle de poisson de cette pecherie varie entre 30 et 60 tonnes. En 1986-1987, 
35 tonnes deS. auratus L., 15 tonnes d'A. anguilla L., 10 tonnes de~ spp. et 5 
tonnes d taut res especes, dont la valeur economique est tres elevee, ont ete recueillii <;. 

MATERIEL ET METHODES 

Les pre.levements ont ete effectues en surface ; les trois parametres, les deter
minations de T°C, de DO (mg/1) ·et de pH, ont ete realises in situ. Jusqu' au laboratoire, 
les echantillons d t eau de mer ont ete conserves dans le megange glace-sel. 

La salinit€ a ete dosee 8 1' aide d 'un Beckman Modele RS-7B, la Sestone au moyen 
de millipore filtres systemes et les autres parametres par spectrophotometrie Perkin
Elmer Modele 35 (l, 2, 3) • 

RESULTATS ET DISCUSSIONS 

Concentrations moyennes des parametres €tudies : 

Station 1 Stat ion 2 Station 3 

T°C 19,42+0,55 19,35+0,53 19,10+0,40 

DO (mg/1) 8,19+0,19 8,06+0,16 .8,33+0,08 

S %o 34,55+0,11 34,50+0,08 36,27+0,07 

pH 7,78+0,02 7,74+0,02 7,69+0,01 

NOz-N (~g.at/1} 0,77+0,18 0,69+0,25 0,45+0,15 

NO~-N (pg.at/1} 2,31+0,26 2,20+0,25 2,03+0,36 

NH;-N (pg.at/1) 14,57+1,43 14,26+1,15 6,98+0,73 

P04
3 
-P (pg.at/1) 1,71+0,51 1,56+0,46 0,88+0,27 

Sio4
2 
-Si (pg.at/1) 9,55+1,09 10,42+1,30 8,58+1, 74 

Sestone ( mg/1) 77,76+1,08 79,03+1,10 120,00+1,97 

oa.an. (mg/1) 1,71+0,33 1,41+o,34 1,04+0,22 

Comm.e on peut le constater sur le tableau, les concentrations de la Station 1 
sont plus importantes que les autres, en fonction de la riviere Gediz. 

La pecherie d 'Homa est influencee par la pollution de la baie d 'Izmir et par 
les apports de la riviere Gediz (4). 

Figure l 
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C-1118 
Seasonal variation of nutrients, dissolved Oxygen, pH, 

temperature, transparency and salinity In Thermaikos Bay 
(1984-1987) 

Eleftheria PAPACHRISTOU and Efthymios DARAKAS 

Department of Hydraulics and Environmental Engineering School of Civil Engineering, 
Aristotle University of Thessaloniki, Thessaloniki (Greece) 

The Bay of Thessaloniki and the greater Thermaikos coastal area are 

considered very important assets of this part of the Mediterranean Sea. 

Located in the North-West corner of the Aegean Sea, the Bay of Thessa

loniki is actually used for various activities of economic and social 

interest such as shipping, fishing and recreation. The population of the 

metropolitan area of Thessaloniki is estimated to be about 1.000.000. 

The harbour of Thessaloniki is steadily growing many projects for exten

tion are under study Various tourist resorts have been developed along 

the coast of the Bay. 

The Bay is the final receiver of the total amount of wastes from 

various sources of domestic and industrial origin, so it is ivenitable 

that it is polluted. various chemical and microniological analyses con

ducted during the last years in a number of locations in the Bay have 

indicated that in a distance of 4-5 km from the city the water was hea

vily polluted. 

The seasonal variations of the distribution of temperature, pH, 

transparency, dissolved oxygen, phosphates, nitrates, nitrites, ammonia, 

silicates and salinity have been studied in the Thermaikos bay at nine 

stations and at various depths in the water column during the period 

September 1984 - July 1987. Studies of the above-mentioned parameters 

have been made in the Therrnaikos bay by Friligos ten years ago. 

Seawater samples were collected from surface, mid-depth and bottom 

with a Nansen sampler of 1 , 5 1 capacity. 

Temperature were ol;)tained with a thermoraeter attached to the Nansen 

sampler. The fixation of the dissolved oxygen was made on board as ra

pidly as possible after the sampler had been recovered. The determina

tion was made later in the laboratory using the Winkler method as modi

fied by Grasshoff (1983). A Secchi disc was used .for tramsparency mea

surements. The Salinity and Conductivity measurements were made on board 

using a WTW Mod. LF 191 salinity meter equipped with a measuring cell 

LT 1 /T (cable length 50 m). The water samples for nutrient analyses were 

collected in 100 ml glass bottles (Si - samples in PVC bottles) and 

kept under deep freeze. After thawing they were analysed as described 

by Gasshoff ( 1 983) • A Perkin Elmer Mod. lamda 3 spectrophotometer was 

used for the measurements. 

1. Friligos N. and Satsmadjis J. (1977 A). Nutriunt distribution in 

the Gulf of Thermaikos (August 1975), Thaassia Jugoslavica 13 

(1/2) 31-44. 

2. Friligos N. (1977 B) Seasonal variation of nutrient salts (N, P, Si) 

dissolved oxygen and chlorophyll- a in Thermaikos Gulf (1975-76) 

Thalassia Jugoslavica 13 (3/4) 327-342. 

3. Grasshoff K., Ehrhardt M., Kremling K. "Methods of Seawater Analy

sis", 2nd Edition, 1983. 

4. "Standard Methods for the Examination of Water and Wastewater" 13th 

Edition 1971. 
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C-1119 
Hydrographic and chemical properties of 

Middle and South Adriatic Sea water 

I. VUKADIN, T. ZVONARIC, L. STOJANOSKI and G. KUSPILIC 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

During 1986-1987 investigations of physical and chemical properties of 
waters of the middle and south Adriatic sea were carried out,· on 19 stations 
divided into four characteristic areas .. 

On the basis results obtained during these studies and previous longterm 
investigations, which this Institute has been doing in the middle Adriatic sea, 
we can con,olude that in the entire area we have intensive processes of mixing 
water mass!~s. 

Table l. Mean values, range and coefficient of variation (c.v%) of nutrients 
(mmol/m3) and some trace metals in water (W), sediments (S) and marine 
organisms. (MO) at four characteristic stations in the studied area. 

~~~~~'?:!~---------~2! _____________ ~2~----------------~!2 ______________ ~!~-------
Parameters 

x 0.061 ± 0.02 0.063 ± 0.02 
P04-P c.;. 3.23 3.23 

0.047 0.104 

0.66 ± 0.29 0.66 ± 0.30 
NH

4
-N c .. V10 43.9 44.8 

N 0.55 1.30 

0.173 ± 0.08 0.111 ± 0.04 
N0

2
-N 46.2 36.0 

N 0.288 0.188 

0. 76 ± 0.18 1.17 ± 0. 36 
N0

3
-N 23.7 39.1 

N 0.58 3. 7l 

W* 2.2 ± 1.1 2.4 ± 2.3 
Hg S** 43.3 80.0 

MO*** 260 350 

w 640 77rJ 
Zn s 11.6 44.6 

MO 391(} 2600 

w 117 30 
Cd s 0.10 0.10 

MO 10 10 

w 230 90 
Pb s 18 29 

MO 1000 1000 

w 340 130 
Cu s 3.04 24.1 

MO 380 470 

Values in ng/drn3 of water (W) 
Values in pg/kg DW of sediments (S) 

0.065 ± 0.04 
6.15 
0.146 

0.83 ± 0.44 
48.3 

2.36 

0.115 ± 0.5 
43.5 
0.355 

0.83 ± 0.31 
37.4 
2. 77 

2.5 ± 2.0 
70.0 

370 

510 
79.5 

2150 

23 
0.06 

10 

170 
38 

1000 

220 
27.4 

17670 

Values in pg/kg FW of marine organisms (MO, Mullus barbatus) 

0.051 ± 0.03 
5.88 
0.103 

o. 74 ± 0.55 
74.3 
1.36 

0.156 ± 0.09 
57.7 
0.410 

0. 72 ± 0.39 
54.2 
2.14 

1.9 ± l.l 
80.0 

1090 

1070 
37 .o 

30 
0.04 

170 
29 

320 
21.1 

Hydrography and chemical parameters s·hou us, that the whole studied 
area belongs to the warm sea with rather high salinity, well aerated sea, 
with high content of oxygen (02 J and saturation of oxygen and poor in 
nutrients. (Buljan, M. 1976). (Tab. 1). 

Despite the above mentioned facts we still have high organic production 
(Pucher-Petkovic, T. et al. 1985) which possibly enables rapid turn-over and 
contributes to a high production rate (about 90 gC/m2 year) . 

As far as concentrations and distribution are concerned, we can conclude 
that assimilation-regeneration processes have a main role in the nutrient 
cycle in the Adriatic sea. 

We have also investigated content of some heavy metals (Hg, Zn, Cd, Pb 
and Cu) in water sediments and marine organisms. Obteined data (tab. 1) are 
at the level of natural content of those elements in ecosystem, (Branica, M. 
et al. 1985), that is, .the study area is not influenced by antropogenic 
factors, although in some organisms we have recorded higher concentration of 
some elements, especially mercury. Therefore, it should be pointed out that 
~pecial attention should be paid to a continuous "monitoring" of these metals 
~n the sea, especially in sediments and marine organisms~ 

References: 

l. Be>ljan, M. and M. Zore-Arrnanda, 1976. Oceanographical properties of the 
Adriatic Sea. Oceanogr. Mar. Ann. Rev., 14, 11-98. 

2. Pucher-Petk~vic, T., I. Marasovic, I. Vukadin and L. Stojanoski, 1987. 
T."t.me ~er~~.s of productivity parameters indicating eutrophication in 
the Inlddle Adriatic waters. Acta Adriat '(in press). 

3. Branica, M:, Z. Peharec and Z. Kwokal, 1985. Concentration of Zn, Pb, Cd 
and Cu 1n the surface water at the Adriatic Sea. Rapp.Comm.int Mer. 
Medit., 29, 7: 109-110. 
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C-III10 
Some results of the transadriatic oceanographic cruises 

with RIV "Andriia Mohorovicic" in April 1987 

Ante SKRIVANIC* and Zoran VUCAK** 

• Center for Marine Research, R. Boskovic Institute, Zagreb (Yugoslavia) 
•• Hydrographic Institute of the Yugoslav Navy, Split (Yugoslavia) 

As usually, the Adriatic, as an inland sea, essentialy depends on hydrome

teorologic and dynamic properties of the basin. 

These properties, during the spring cruise of 1987 were once more specific 

and are reflected on its oceanographical (physical, chemical and biological) 

parameters. 

Especially, until! now unusual phenomena were first time registred in the 

euphotic zone of the Southern A-driatic. 

Explanations and results of these more recent oceanographic researches will 

be given and analysed. 

References: 

I. Vucak, Z. and A. Skrivanic (1979). Interdependence of Chemical and 
Dynamical Conditions in the Area of Otranto Strait. 
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2. Vucak, Z. and A. Skrivanic (1981 ). Results of the Oceanographic January 
1980 Cruise of the R/V "Andrija Mohorovicic". 
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Oceanographic Investigation in the Adriatic Sea 1974-1976. 
Hydrographic Institute of the Navey, 17-175. 

4. Skrivanic, A. and Z. Vucak (1983). Zones of Hydrological Discontinuity 
in the Adriatic Sea. 
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C-III11 
Changes of UV-hydrolizable Phosphorus and Nitrogen 

in the Northern Adriatic Sea 

I. IVANCIC and D. DEGOBBIS 

"Ruder Boskovic" Institute, Center lor Marine Research, 52210 Rovinj (Yugoslavia) 

1 NTlWlJUCTlON 

The Adriatic Sea is, as the whole ~lediterranean Sea poor in nutrients. 
However, the northern Adriatic is one of the most productive areas of 
the ~ledi terranean. This area receives highly polluted discharges from 
the Po River (mean flow rate 1500 m>js), which supports blooms in the 
open waters in spite of the generally low concentrations of orthophos
phate and inorganic nitrogen in the region. However, it was observed 
that not only orthophosphate, but also organic phosphorus shows sig
nificant S8asonal changes due to basic biological cycle. It can be 
supposed that the same occur also for organic nitrogen. So, for better 
characterization of trophic level of this area distribution of total 
phosphorus and total nitrogen were studied, since they can be impor
tant sources of these elements for primary producers. 

MATERIALS AND METHODS 

Measurements were carried out at six stations in the central part of 
the northern Adriatic Sea during 23 cruises performed in the period 
from 1980 to 1984. Samples for total phosphorus and nitrogen were col
lected from at least four depths and stored in polyethylene bottles at 
-30 'C until analysis. Determinations were carried out a few days 
after collection in unfiltered water after oxidation of organic matter 
by UV-irradiation ( 250 nm). Basic physical, chemical and biological 
parameters were determined immediately after collection. 

RESULTS AND DISCUSSION 

The measured parameters in the northern Adriatic Sea have significant 
spatial and temporal variation. At the western part of this area 
salinity values in the surface layer falls up to 30 · 10• , and con
centrations of total phosphorus and total nitrogen up to 1. 3 J.lmol/ l 
and 30 J.lmol/1, respectively, could be reached (Table 1). These waters 
with higher nutrient content can support higher primary production, 
resulting in oxygen oversaturation in this layer. In the bottom layer 
oxygen concentration far bellow saturation were found, as results of 
intensive decomposition of organic mater and accumulation of 
nutrients. Generally, the concentration of total phosphorus and total 
nitrogen in this area were significantly higher of those measured at 
the eastern part of the northern Adriatic Sea (Table 1). In the sur
face and bottom layer most of the measured values for total phosphorus 
and total nitrogen (more than 80%) were grouped in interval from 0. 05 
to 0.25 J.lmol/1 and 1 to 10 J.lmol/1, respectively, which was nearly two 
times larger of those obtained for the eastern part. However, their 
concentrations in intermediate layer were significantly lower, and did 
not differ from those measured in eastern part (Table 1). 

Table 1. Mean values (51) and ranges (Rl of total phosphorus (TP) and 
nitrogen (TN) and contribution of organic phosphorus (contop) 
and organic nitrogen (cantoN) in surface (S) • intermediate 
(I) and bottom (B) layer of the northern Adriatic Sea. 

PARAMETERS EASTERN PART WESTERN PART 
layer x R R 

s 63 0.16 0.03-0.48 63 0.32 0.03-1.33 
TP I 81 0.12 0.04-0.25 80 0.18 0.04-0.43 

J.lmOl/1 B 62 0.18 0.03-0.45 61 0.36 0.07-1.13 

s 63 76 33-100 63 64 0- 94 
con toP I 80 73 25-100 81 63 0-100 

% B 60 64 16- 91 60 42 6- 81 

s 68 4. 5 1.7-10.4 63 6. 7 1.9-29.6 
TN I 85 4.2 1.1-14.8 81 4.4 1. 2- 8.6 

J.lmOl/1 B 67 4. 5 1.6- 9.4 58 5.6 1.7-14.5 

s 63 66 14-95 63 67 4-93 
con toN I 81 70 26-98 79 64 0-95 

% B 61 61 28-88 53 49 0-82 

In the upper layer prevailed organic fractions of phosphorus and 
nitrogen (over 60% in average), due to intensive primary production. 
In bottom layer regenerative processes led to predominance of their 
inorganic fractions (Table 1). At the eastern part the changes of 
parameter values were lower. In this area with elevated salinity 
values, nutrient concentrations were lower and dissolved oxygen nea~ 
saturation level in whole water column. The concentration of total 
phosphorus and total nitrogen were almost uniform in whole water 
column (Table 1), and usually did not exceed (less than 20% of 
m8asured values) 0.25 and 6 J.lmol/1, respectively. Organic fraction of 
phosphorus and nitrogen prevailed in whole water column accounting for 
more Lhan 60% lin average) in their total content. 

The distribution of total phosphorus and nitrogen in the northern 
Adriatic Sea shows that a significant concentration gradients were es
tablished in the region. The higher concentration found at the western 
part. are due to nutrient apport from the land, mainly from polluted Po 
River whose water can spread far away from the coast. The concentra
t ion measured at the eastern part are similar as those found for 
uPnlral and southern Adriatic (CNR; unpublished data), suggesting that 
this area is influenred by oligotrophic waters from the central 
AdriatiL· areas. 
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C-11112 

Composition and sedimentation of particulate organic matter 
In shallow coastal waters (Gulf of Trieste, Northern Adriatic) 

J.FAGANEU 

Marine Biological Station, 66330 Piran (Yugoslavia) 

Particulate matter in the sea consists of organic an.d inorganic fractions, arbitrarily 

defined as matter larger than 1
1

um. The quantity and composition of particulate 

matter varies temporally and spatially in response to physical and biological factors. 

Among them, the most important in coastal areas are riverine discharge, runoff from 

rainfall, wind-wave and tidal resuspension, biological production and shore erosion. 

Studies on the composition of particulate matter in the central and SE part of the 

Gulf of Trieste (in the period 1979-86) revealed that the majority (approx. 60-70 %) 

of it is composed of a minerogenic fraction, having identical mineralogical 

composition as surficial marine sediment: calcite (26 %) >illite (24 %) > quartz> 

(16 %) > chlorite/kaolinite (15 %) > microc1ine (8 %) > dolomite (7 %) :;::.. 

plagioclase (6 %) ':>montmorillonite (5 %) >pyrite, gypsum (4 %). This inorganic 

particulate material originates principally from sediment resuspension and riverine 

inflow of fine particles, since larger ones are deposited at the river mouths. 

The particulate organic matter fraction is mainly composed of carbohydrates (on the 

average about 19 %) and proteinaceous matter, of which proteins with molecular 

weight > 10 000 represent on the average about 6 %, with an additional small lipid 

fraction (about 1 %) • All these components on the average amount to only about 26 % 

of the total particulate organic matter in the Gulf. The remaining, major, fraction 

is prorably composed of humic material and lignin of terrigenous origin. The amino 

acid composition of the proteinaceous fraction in decreasing order is: Gly > Glu > 
Asp >Ala> Val>Leu>ser>Thr>Lys> Ile>Pro >Arg>Phe>His. The mean POC, 

PN and PP concentrations amount to about 410, 85 and 35 
1

ug 1-
1

, respectively. The 

mean C: N and C: P ratios (atomic) are low, averaging to about 4 and 27, respectively, 

due to the fact that nitrogen and phosphorus are also bonded in inorganic particles 

and adsorbed onto particulate material. Amino acid-N and amino acid-G amount to only 

16 and 12 % of PN and POC, respectively. POC samples from the Gulf of Trieste showed 

d13
c values in the range between -21.1 and -25.3 °/oo, with a mean value of -23.l

0 ioo. 
J13

c seasonal variation in POC shows the inverse relation with phytoplankton biomass 

and primary particulate production .. Mixing models constructed with C:N ratios and 

J 13
c values of source material forming POC, i.e. allochtonous {riverine and sewage) 

and autochtonous (phytoplankton) POC, showed that marine POC in the Gulf of Trieste 

is a mixture of about 1/3 of riverine POM and 2/3 of phytoplanktonic organic matter 

in the absence of the input of sewage POM which is the most variable. Pelagic food 

web analysis using Cf 13
c values of various classes of pelagic organic matterial 

(phytoplanktonic, POC, net-zooplankton) indicated that the labile fraction of POC is 

primarily a food for net-zooplankton, while the 
13

c depleted detritus of riverine 

and sewage origin is probably deposited on surficial sediment or exported out o~f. the 

Gulf by horizontal currents. 

The sedimenting POC and PN are little affected by the input of allochtonous 

particulate matter and the contribution of benthic macrophytes. The resuspension of 

bottom sediments has a great influence on the gross sedimentation rates of 

particulate organic carbon and nitrogen, averaging about 80 - 90 %. 50 - 70% of 

particulate organic carbon and nitrogen produced in the sea water column is 

decomposed there or transported away by horizontal currents. About 88 % of particulate 

amino acids are decomposed or transferred to the dissolved amino acid pool during 

sedimentation. From amino acid analyses in different classes of suspended and 

sedimentary organic matter the generalized order of amino acid stability during 

sedimentation was found to be: AA-S > AA-OH >aromatic, neutral-AA with branched 

C-chain::>basic>acidic, neutral-AA with straight C-chain, proline. 
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C-11113 

Variations des rapports N:P 
dans le Bassin Occidental de Ia Mediterranee 

P. RAIMBAULT et B. COSTE 

Centre d'Oceanologie de Marseille, Faculte des Sciences de Luminy, 
13288 Marseille Cedex 9 (France) 

Compared to the Atlantic adjacent waters, the Mediterranean waters are 
characterized by a lower level in nutrients (POt. and N0

3
) and by higher N:P 

ratios. This discrepancy can not be easily explained even if its origin is 
probably due to the assimilation-regeneration processes inside the 
Mediterranean basin. In fact, previous works have shown that the difference 
in the N: P ratios disappears if we take into account the organic forms of 
nitrogen and phosphorus. 

A more accurate study, based on recent data obtained in the Western 
Mediterranean Sea and in the Atlantic waters near the strait of Gibraltar 
(Mediprod IV and Mediprod V cruises) give ;;orne more insights 1/ The 
Atlantic waters keep N: P ratios around 16:1 during their eastward transport 
in the Mediterranean Sea, while nitrate and phosphate are consumed and 
become depleted in the north of the basin. 2/ The vertical N:P ratio 
distribution is characterized by low values (- 16) in superficial waters 
(salinity < 38.0), by maximum values (often higher than 30) in 
subsuperficial waters where salinity reaches 38.20, and by uniform values 
(20- 22) in intermediate and deep waters. These vertical distribution and 
the subsuperficial maximum can probably be attributed to the biological 
activity that was found intense along the Algerian coasts. These high 
values can originate the N: P ratio in the deep water which is formed in 
winter by the mixing of superficial and intermediate waters. 

Les eaux mediterraneennes se distinguent de celles de 1' Ocean 
Atlantique par leur pauvrete en elements nutritifs et, egalement, par des 
valeurs differentes des rapports atomiques de ces elements. Alors que les 
eaux atlantiques presentent un rapport N:P (N0

3
/P0

4
) tres proche du rapport 

de Redfield (16: 1), les valeurs pour les eaux mediterraneennes sont 
superieures a 20: 1. Cette difference n' a pu etre expliquee d' une maniere 
convainquante meme si on peut penser qu' elle tient aux processus de 
consommation et de mineralisation au sein meme du bassin. En effet, on a pu 
montrer que cette difference ne se retrouve pas si, au lieu de prendre en 
compte les seules formes miner ales, on inclut les formes organiques de 
1' azote et du phosphore. 

Une etude plus detail lee, basee sur les donnees recentes obtenues dans 
le bassin occidental de la Mediterranee et le proche atlantique {Campagnes 
Mediprod IV et V), apporte certaines precisions : 1/ tout au long de leur 
parcours, les eaux superficielles d' origine atlantique conservent un rapport 
N: P proche de 16:1 et sont en meme temps soumises a une consommation qui a 
pour effet de les rendre totalement appauvries en nitrate et phosphate dans 
la partie nord du bassin. 2/ La distribution verticale des rapports N:P est 
caracterisee par des valeurs proches de 16 dans les eaux superficielles de 
salinite inferieure a 38, par des valeurs maximales (souvent superieures a 
30) dans les eaux sous-jacentes a salinite d'environ 38,20 et ensuite 
homogenes jusqu'au fond (20-22). Cette distribution n'apparait que dans le 
bassin qccidental lui-meme ; elle est absente dans la mer d' Alboran. 

Cette distribution, et plus particulie:=ement 1' existence du maximum 
subsuperficiel du rapport N:P, a pour origine probable les processus 
d' assimilation-remineralisation lies a 1! activite biologique intense dans 
la partie sud du· bassin. Au moment de la formation des eaux profondes 
(composees d'eaux superficielles et d'eaux intermediaires), ces tres fortes 
valeurs peuvent etre a l' origine des valeurs de N: P superieures a 20 
rencontrees dans ces eaux. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 



C-III14 
Nutrient distributions and cycling in the Rhone Estuary 

Antonio CRUZADO 

Centre d'Estudis Avan<;:ats de Blanes, 
P.O.Box 150, 

17300 Blanes (Espana) 

The RivE-r· Rhone is one of the largest flowing into th• 
Meditt•rranean Sea and c•rtainly th• lar-g .. st of the Wester-n 
Mediter-r-anean. Th• fer-tilizing effect car-r-led out by .this r-iver- over- the 
Gulf du Lion and the wester-n Mediterr-anean is ext,.. .. nt .. ly impor-tant since 
the amount of dissolved and par-ticulate nutr-ients is ver-y lar-ge. 

Dur-ing a S4L'r-ies of cr-uis .. s, thtO nutr-iOL'nt conc .. ntr-ations in a 
number- of stations located within and just outside the Gulf du Lion, 
have b .. 4L'n analysOL'd. Conc4L'ntr-ations of Nitr-ate, Nitr-it4L', AMMonia, 
Phosphate and Silicate hav4L' b4L'4L'n r-outin4L'ly measur-4L'd in the dissolv4L'd 
inor-ganic for-nt. 

Th4L' pr-4L'liminar-y r-4L'sults obtain4L'd show a lar-ge ar-4L'a influenc4L'd by 
th<L' water- flowing fr-om the Rhone as a lar-ge plum• a few M4L'ter- thick. Th• 
•xtent and thickn4L'ss of th• plum• var-y str-ongly with the changes in 
met•or-ological conditions howev4L'r-, it always shows lar-ge V4L'r-tical as 
well as horizontal gr-adients at th• boundar-i4L's between th• r-iver- water
and the sea water-. 

The pr-•sent paper- discusses th• mixing pr-ocess•s in th• n•ar
fi•ld of th• r-iv•r- plum,., compar-ing the mixing pr-ocess•s that tak•s 
plac• at small scalE-s acr-oss the boundar-y fr-ontal zones with those 
taking plac• at lar-g4L' scale b•twe•n the mouth of the r-iver- and the outer
r-eaches of th• plume. 

Another- impor-tant ph•nomenon may b• the 4L'ff•ct of the pr-o>eiaity 
of the bottom s•dim•nts on th4L' fer-tilization of th• wat4L'r- coluMn. 
Although this does not se•m to b• a str-ong effect, a subtle incr-ease in 
sont• of the conc•ntr-at ions has b4L'•n not lc•d at gr-•at d•pths pr-obably due 
to the r-•susp•nsion at th<L' shelf edg4L' and in the canyons of s•dl••nts 
with a r-•l•as4L' of int4L'r-stitial wat•r-. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 
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Nutrient dynamics in oligotrophic Mediterranean areas 
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P.O.Box 150, 

17300 Blanes (Espana) 

Lar-ge ar-eas of th• Mediter-r-anean Sea ar-e, par-ticular-ly in su-er-, 
highly oligotr-ophic. Sur-face concentr-ations of chlor-ophyll a ar-e v•r-y 
often •< ·o.l ug/1. This is due to the r-estr-icted flow of nutr-ients fr-om 
the r-icher- deep water-s in absence of str-ong ver-tical velocities. Banse 
!1987> has discussed some of the pr-ocesses that take place in the highly 
oligotr-ophic ar-eas of the oc•ans which give r-ise to the Deep Chlor-ophyll 
MaximuM !DCM> a featur-• often found in such plac•s as th• Nor-th Pacific 
Gyr-e or- th• Sar-gassos Sea. 
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Th• same pr-ocesses take place in the Medit•r-r-anean ar-eas which 
hav4L' a v•r-tical flux of nltr-at• due to eddy diffusion only about twice 
as 1 ar-ge as the val u•s comput•d for- the ocOL'an I c ar-eas mentioned. 

The pr-OL'sent paper- is an attempt at compar-ing th4L' validity of the 
pr-inciples hypoth4L'siz4L'd for- the oceans in th4L' Mediter-r-anean •nvir-onMent. 

Oth<L'r- impor-tant pr-oc•sses with r-egar-d to the pr-oduction of 
phytoplankton bioMass may be the inflow of nutr-ients fr-o111 the 
atMospher-e. Much data ar-e now avai !able on the contents of nutr-ients In 
aer-osol and rain water- which shpuld allow a r-eliable estimate of the 
nutr-ient inputs by this MechanisM. 

Re•lner-allzation of nutr-ients from living and decaying par-ticles 
thr-ough the action of bacter-ia but also of micr-oheter-otr-ophs lei! iat .. s, 
tintinnids, etc. l seeMS to play an impor-tant r-ole in the upper- 800 Rl of 
the column and especially in the 200-300 M. Par-ticles do not se- to 
settle at the velocities Mentioned pr-eviously !Kar-l et al., 19881, 
ther-efor-e making eddy diffusion on• of the 1110st Impor-tant mechanls111s for
e>eporting or-ganic matter- fr-0111 the euphotic layer- into the lower- par-ts of 
the column. 
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Interaction of Cadmium and Copper with surface. active 
material released by marine phytoplankton 

Zlatica KOZARAC", Marta PLAVSIC", Bozena COSOVIC" and Damir VILICIC .. 

• "Rudjer Boskovic" Institute, Center for Marine Research Zagreb, 
P.O.B. 1016, 41001 Zagreb, Croatia (Yugoslavia) 

•• Biological Institute, P.O.B. 39, 50001 Dubrovnik, Croatia (Yugoslavia) 

Dissolved organic matter plays an important role in the physico-chemical forms and specia

tion of other micro- and macro-components in the aqueous phase. The presel)ce of organic 

ligands regulates the bioavailability, bloaccumulatlon, toxicity and transport of trace metals 

through biological membranes(Anderson and Morel, 1982). Since phytoplankton exudates 

represent the main source of organic matter naturally occuring in seawater (Fogg, 1977) 

with a large fraction being surface active {2:utit et al., 1981), it is necessary to study its 

interaction with other ions and molecules of seawater constituents. 

We report here on the investigation of the surfactant' production by marine phytoplankton 

Dunaliella tertiolecta, _as well as the study of physico-chemical interactions of cadmium 

and copper with released material, both at the model interface and in the bulk solution by 

using electrochemical methods (Cosovlt and Vojvodit, 1982; Kozarac et a!., 1982; Plavsit 

et al., 1982). Axenic cultures have been prepared by membrane filtration using previously 

cleaned Millipore filter, 0.22 1um (Kozarac et al., 1988). 

Cultures were grown on modified f/2 media without and with trace metals and chelators. 

The results for surfactant activity, Cu complexing capacity and interaction with Cd at mo

del interface are presented in Table I and Fig. I. 

Table 1: Surfactant activity and the apparent compiexing capacity of different Dunaliella 
tertiolecta exudates. Cells were separated by gentle centrifugation (3~ 
pnor to measurement. Cultures were grown on (I) modified f/2 medium without 
trace metals and chelators, (II and III) with trace metals and without chelators, 
and (IV) f/2 medium. 

Dunaliella tertlolecta 
II III IV ----curtures-

Number of cells per ml 5.15 X 10 5.9 X 105 1.2 X 106 
X 106 

Surfactant activity equiv. 0.18 1.2 1.3 2.6 T -X-100 (m /1) 

Surfactant activity equiv. 3.0lx10-10 1.57 x 10-9 1.3 x 10-9 1.5 x 10-9 
T -X.100 er cell 

~:a~~~t+homplexing capacity 9.5 X 10-7 5.8x10-7 5.3xl0-7 

Fig. 1. Relative decrease of reduction current of 10-5 M Cd2+ due to the presence of 
surface active material in different cultures of Dunaliella tertiolecta adsorbed 
at the mercury electrode/water interface. -------

1.2 

0 

-... 
0.8 

0.2 0.5 1.0 2.0 .5.0 10.0 

TIME OF ADSORPTION /min. 

It was shown that the content and type of released surface active material ant:J complexing 

ligands depend on the initial composition of growth media. In all cases strong interactions 

of present organic substances with Cu in the bulk phase and Cd at the interface were' ob

served. These will be discussed in terms of the comparison with results obtained with mo

del substances as well as through investigation of real marine and estuarine samples. 
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The tidal lagoon environment 

as an expression of confinement ? 

D. BEDULLI etA. PIVA 

Museo di Storia Naturale, Via deli'UniversitA, 43100 Parma (Italy) 

The aim of this work is to analyse the macrobenthic assemblage of an intertidal 
environment on loose sediment, in the light of the confinement theory proposed by 
Guelorget and Perthuisot {1983). The intertidal lagoon environment pertaining to loose 
sediment has been studied very little in the Mediterranean, given the relative 
unimportance of tidal excursion in this basin; neverth~less in the Nort~ Adriatic sprin~
tide excursions of about 1 m are recorded. In the environment we studied - the Canann 
lagoon, a brackish lagoon in the Po river delta - there are certain areas where the 
banks are formed of loose sediment and inclination is very slight, in these areas low 
spring-tides uncover tidal flat having a width of approximately 100 m. 

The Canarin lagoon has a surface of 7 km 2 and an average depth of 1 m, salinity 
varies considerably (8-35 % ) depending on the tide and the contribution from the Po 
River; the lagoon communicates well - by means of a mouth - with the sea in front of it, 
which slopes very gradually away from the shore. In the period of July 14-17, 1987, 
samplings were made with a Van Veen grab in 9 stations in the area of the sea facing 
the lagoon, to a depth of 8 m, in 6 sandy-silt subtidal stations in the lagoon and in 4 
stations on an intertidal silty-sand flat in the lagoon (for each station three samplings 
were made). Of the 9 stations located in the lagoon, 3 were chosen at increasing 
distance from the mouth, 2 in fringe areas less affected by hydric changes caused by 
the tide and one in an even more marginal area which, unlike the other stations, has a 
depth of 3.5 m; in the intertidal area the stations were situated at MLWS, MLWN, MTL 
and MHWS. A previous publication (Parisi m..al.. 1985) indicated that in the lagoon, 
the distance from the mouth opening on the sea had a positive correlation with a 
decreasing hydrodynamic gradient. 

The macrobenthic communities in the marine area before the lagoon can be 
classified as biocoenosis of fine sands in very shallow water (SFHN), at 2.5 m depth 
and biocoenosis of fine well-sorted sand at 5 and 8 m; in the lagoon the macrobenthic 
assemblage of the subtidal stations is quantitatively dominated by the polychaetes 
Neanthes succjnea , Nephthys hombergii, Streblospjo shrybso!ii e Polydora ci!iata, by 
the gastropod Hydrobja ventrosa, by the bivalve Cerastoderma glaycym an by the 
crustaceans Corophjym ~and C jnsjdjosym. Thus the lagoon presents an 
original macrobenthic assemblage, having no elements in common with the sea in 
front of it except for two species: H.~ and~· 

The hypothesis to be tested is the following: should the intertidal lagoon 
macrobenthos be considered as an expression of further confinement with respect to 
that of the subtidal lagoon population, as suggested by Guelorget and Perthuisot? This 
is the same as replying to the following questions: 
1) with respect to the macrobenthic assemblage of the submerged area, does the 
intertidal population present special bionomics characteristics? 
2) does it have increased density? 
3) is there a decrease in number of species? 
4) does it show structural simplification? 
Because of a lack of data, we cannot yet discuss production. Bionomics examination of 
the macrobenthic assemblage was carried out by Correspondence Analysis; other 
structural parameters used were: density, number of species, diversity (Shannon's 
diversity index) and evenness (H/Iog2). 

Regarding the results, we must first say that the most confined station, at 3.5 m depth, 
presented an almost complete lack of fauna. In our opinion, this situation is due to the 
thermic and haline stratification which results in a low oxygen concentration (1.34 mill 
02), and for this reason this station was not utilized in the bionomic and structural 
analysis of the macrobenthos. We feel that it is important to point out that in lagoon 
environments affected by contributions of fresh water, depth probabily acts as a 
confinement factor. On the axes determinad by the Correspondence Analysis, the first 
axis arranges the subtidal stations in relation to their distance from the mouth opening 
on the sea and the intertidal stations are placed together with the more confined 
stations. The intertidal macrobenthic assemblage is therefore similar to that found in 
the stations that are less affected by hydrodynamism and does not show original 
characteristics with respect to the subtidal one; beginning with the species present in 
the area closest to the mouth, one simply notes a gradual impoverishment passing 
from the more confined to the intertidal stations. There is a reduction in number of 
species passing from the subtidal stations closest to the mouth (34 species) to the 
intertidal stations (20 species); the two most confined subtidal stations show an even 
greater decrease (12 species). In the intertidal stations, density (25,000 ind.fm2) has 
values five times greater than those of the subtidal stations. Regarding diversity, the 
subtidal stations have values of Shannon's index between 2.01 and 2.89; intertidal 
values are between 0. 70 and 1.10 while the most confined subtidal stations have 
intermediate values. Evenness follows a course similar to that of diversity, with values 
that diminish as distance from the sea mouth increases. Increased confinement 
therefore determines a reduction in the number of species, simplification of 
macrobenthos structure, an increase in the relative dominance of a very few species 
and increased density. Both the order resulting from the Correspondence Analysis and 
the trend of the structural parameters indicate a resemblance from the bionomics and 
structural points of view between the two stations less affected by hydrodynamism and 
the intertidal stations. At this point there are two possible answer: (1) either the same 
group of environmental factors (confinement) cause the same type of response in the 
two different areas as suggested by Guelorget and Perthuisot, or (2) the limiting 
environmental factors are differentiated in the two areas - on one hand, a decrease in 
the beneficial influence of the tide and on the other, more or less prolonged periods of 
exposition to the air. At the end, however, both groups of environmental factors result 
in the same macrobenthic structure. In our opinion, it appears that the more plausible 
reply is the second, and that in both areas, although the environmental fimiting factors 
are different, the same group of species manages to survive, this for in the lagoon, 
subject to noticeable fluctuation of environmental parameters, the species have 
already been chosen for their high ecological adaptability. 
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Inventory of the Amphlpod Crustaceans 
of the Italian Peninsula Coastal Lagoons 
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ICRAP, Via L. Respighi 5, 00197 Roma (Italy) 

RESUME - INVENTAIRE DES CRUSTACES AMPHIPODES DES LAGUNES COTIERES DE LA PENINSULE 
ITALIENNE Plus de -!0 especes ont ete recoltees dans 17 lagunes cotieres italiennes de Ia Mer 
Tyrrhenienne etde Ia Mer Adriatique. Les lagunes de Ia Mer Tyrrhenienne sont caraclerisees par une 
diversification plus marquee. et par Ia dominance des especes a large repartition. accompagnee par Ia 
pauvrete d'elements endemiques. contrairement a celles de Ia Mer Adriatique 

The Amphipod Crustaceans of the Italian peninsula coastal lagoons have been 
studied in various works (for the bibliography, see in DIVIACCO. 1981: 1982; 1983. 
DIVIACCO & PINKSTER. 1982; RELINI et aL l98S; TARAMELLI & PEZZALI. 1986) and. 
although detailed information on ecology and their distribution in some zones are still 
lacking. it is possible to make up a preliminar inventory lT AB. Il. 

A mph I thoe ramond i 
Lembos sp. 
Leptocbelrus pllosus 
Hlcrodeutopus gryllotalpa 
Colomastlz pusllla 
Coropbium acberuslcum 
Corophlum acutum 
Corophiua lnsldlosua 
Coropblum orientale 
Ericbtbonlus brasil iensls 
Erlchtbonlu" punctatus 
Deza11lne spinosa 
Echlnogammaru" ollvll 
Ecblnogammarus pungens 
Ecblnogammarus pungentoides 
Ecblnogammarus sp. 
Elasaopus afflnls 
Elasmopus pocllllmanus 
El asmopus rapaz 
Gam•arella fuel cola 
Gammarus aequicauda 
Gammarus cr 1 n 1 corn is 
Gam11arus lnsenslbllls 
Hellta bergensis 
Hel J ta palmata 
Hlcroprotopus macula tus 
I scbyrocerus lnezpectatus 
Jassa marmorata 
Jassa sp. 
Leucothoe lnclsa 
Leucotboe splnlcarpa 
Perloculodes aequlmanus 
Per 1 ocu 1 odes long/manus 
Perelonotus testudo 
Hyale crasslpes 
Drcb~stla gaa11ar~llus 
Orcb~stla medlt~rranea 
Orcb~stia plat~nsls 
Capr~lla. acanthi fera 
Caprella dllatata 
Capr~ 11 a ~qu 111 bra 
Capr~lla sp. 
Pbthica marina 
Ps~udoprotella phas•a 

TABLE I 

North ______ __, ... South- North 

Tyrrhenian Sea Adr !at lc Sea 
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Seventeen lagoonal environments have been considered, distributed along the 
Tyrrhenian sea and Adriatic sea. northwards up to the Po river delta. The Venire lagoon. 
constituted by a whole of environments. from marine. to harbour. and proper brackish 
waters, is not considered here. 

The Amphipod list, obtained from the literature (see bibliography) and from 
personal observations. includes over 40 species. Thirty-nine species, 29 of which exclusive. 
at:,e present in the Tyrrhenian lagoons. while 15 species. 6 of which exclusive. are present 
in the Adriatic ones. Nine species are present in both zones. 

The greater variety of the Tyrrhenian lagoons certainly contributes to their species 
richness. in opposition to the poverty in Adriatic sea, even if this fact may be partially due 
to the greater number of studies in the lagoons of the former sea. 

Orbetello and Caprolace are the most diversified environments. with a greater 
number of species. some of which even marine, particularly in the areas near the sea. 
Typically lagoonal species are less than half of the total number. and only 2 ( Corophium 
insidiosum and 61/mmarus aequicaud11l are distributed almost everywhere. tolerating 
extreme ecological conditions. 

Widely distributed species (cosmopolite and circumtropical) and eastern and 
northern Atlantic species dominate in Tyrrhenian basins, while amphiatlantic and 
Mediterranean endemic elements are scarce. Widely distributed species are also scarce in 
south Adriatic basins and their number still decreases northwards. in favour of 
Mediterranean endemic elements. 
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The Halmyric Environment a proposal 

F.D.POR 

Hebrew University, Department of Zoology, 
91904 Jerusalem (Israel} 

Along the Mediterranean shores. more than in any other sea. 

there is a variety of environments with changing salinities. 

bot.h brackish and hypersaline. !i'urthermore. the Medi t.erranean 

lands present a wide diversity of landlocked saline aquatic 

environments. Much t.hought has been given by Mediterranean 

oceanographers and limnologists to the classification of 

t.hese aquatic environments. often from different approaches. 

Marginal to the marine and to the freshwater environments. 

the environments with changing salinity present an unity of 

their own. which at least for methodological reasons deserves 

a separate definition. 

It is proposed to reunite these environments under the name 

"Halmyric environments", using the greek name of a lagoon 

area of the Black Sea, Halmyris(=Razelm). These environments 

present a salinity restriction of their biota. The halmyric 

biota are a stock of very adaptative and genetically 

variable species .some of which are represented in both 

brackish and hypersaline waters. Halmyric waters are 

characterized by fluctuating salinities, often modified ionic 

composition, vertical stratification , frequently with oxygen 

deficiency. The ecosystems are to a large extent based on 

detritic pathways, either resulting from import or from rich 

local aquatic plant growth .The planktonic grazing pathway 

has a limited importance. Soft bottoms are prevalent. 

Cosmopolitism of the biota, primary or secundary by its 

origin is frequent. 

The halmyric environments are furthermore subject to large 

scale human impact. both economic and detrimental. The need 

for an "interdisciplinary" approach to define the main traits 

of the halmyric environments is therefore an urgent one. The 

fragmentation according to the oligohaline-hypersaline scale, 

or according to geomorphological shapes ( lagoons, estuaries, 

limans, lakes, ponds, sebkha's , swamps, salty springs, etc.) 

is in fact counterproductive. 

The l1editerranean area is unique in presenting a long history 

of halmyric waterbodies of marine dimensions, in the form of 

both the Messinian and the Sarmatic environments. From the 

geological perspective their common environmental and 

biological traits are even more evident. 

Halmyrology should be a discipline of its own on equal 

footing with Oceanography and Limnology. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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Experimental enrichment 
of estuarine zones with sewage sludge. 

Changes In community structure of estuarine tidal creeks 

Rafael SARDA' and Ivan VALIELA 

Boston University Marine Program, Marine Biological Laboratory, Woods Hole, Ma 02543 (U.S.A.) 

Human growing population in coastal regions has increased the contamination of 
coastal wetlands with sewage wastes. Increased concern about pollution of deltas and 
estuarine zones shown interest in community structure and succession of estuarine fauna. 

The taxa found in this study were very similar to those found elsewhere in similar 
shallow coastal marine environments exposal to nutrient enrichment. For example in 
shallow c~eeks draining into coastal lagoon of the Ebro Delta, similar densities of 
Streblospio benedicti, Capitella capitata, Polydora sp. and several oligochaetes were found. 
This list of species is quite similar to the obtained from our place of study and suggest that 
there is a widely distributed cosmopolitan fauna of those environments. 

Benthic macrofaunal populations were censused in control plots and in experimental 
plots in Great Sippewisett Salt Marsh (Massachusetts, USA) in which food resources were 
enriched by adding 2 dosages of sewage fertilizer during the growing season (highest 
fertilization, XF= 75 gtm•m wk; high fertilization, HF= 25.2 gtm•m wk), (Valiela eta!, 
1973). Fertilization began in 1974. Animals in the sediments of tidal creeks bisecting these 
plots were sampled during 1974, 75, 79, 86, 87 and 88. 

No differences in total biomass values in 1974 and 1987 were found, but an important 
change in species composition was observed between those years, therefore, different 
species contributed to similar biomass values. Diversity of fauna in all creeks diminished 
since the beginning of the experiment in 1974. 

The seasonal pattern was the same in all creeks. Density of macrofauna peaked in 
early summer, decreased abruptly in July/August and increased again in the fall. Diversity of 
fauna in all creeks through the years diminished from early spring to late summer and 
increases again in fall. 

A change of species composition took place in the control creeks over the period of 
study, due to long term changes in bed sediments which are a result of colonization by 
Spartina altemijlora. Some species disappeared, including Polydora ligni, Amphicteis gunneri, 
Pygospio elegans, Marenzelleria viridis and Leitosco/oplos fragilis (POL), Hydrobia totteni and 
Gemma gemma (MOL) and Edotea triloba (CRU). Some species appeared in the late 
seventies: Paranais litoralis, Limnodriloides sp. (OLI), Manayunkia aestuarina and 
Dinophylus gardineri (POL). Streblospio benedicti (POL) is the most abundant species in the 
new assemblage. 

No large difference in abundance, biomass and species composition between creeks 
were observed during the first year of experiment (1974). In 1975 biomass increased 
ten-fold in the highest fertilized creeks due to a suite of opportunistic species that 
responded to enrichment within 1 year of treatment: Capitella capitata, P. ligni, A. gunneri, S. 
benedicti, P. e/egans (POL), Monopy/ephorus evertus (OLI) and Nematoste/la vectensis (CNI). 
Later on the continued enrichment accelerated an important switch in species composition, 
when most of those species were displaced by M. evertus andP.Iitoralis (OLI). 

Enrichment of salt marsh thus results in transient increases in invertebrate biomass, 
and also fosters growth and colonization by Spartina a/temiflora. Long term fertilization 
stabilize faunal composition in those creeks, accelerating the switch observed in control 
areas, by the dominance of oligochaete species. 

Meanwhile the control creeks are actually colonized by a S. benedicti population with 
a variable fauna associated through the year, the fertilized creeks are based in a mores 
stable faunal composition based in two oligochaetes populations: P.litoralis in 
spring-summer and M evertus the rest of the year, (fig. 1 ). 
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Heavy metals In a shallow estuary 
of the Venice Lagoon 
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P. TRAVERSO*, S. VAZZOLER*** and R. ZONTA*** 
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2137 Dorsoduro, 30123 Venice (Italy) 
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1364 San Polo, 30125 Venice (Italy) 

The understanding and description of the processes which occur in 
shallow water estuaries is a question of fundamental importance to 
evaluate the environmental impact of pollutants transported by rivers 
into the Lagoon of Venice. The contribution of pollution from rivers 
and channels flowing into the lagoon is significant and it occurs in 
zones where water exchange due to tides is less with respect to other 
parts of the lagoon. 

A study of the chemical-physical characteristics of the 
water-sediment environments was made in the estuarine area of the most 
polluted river flowing into the northern lagoon. The scope of the 
research is to give a complete explicative picture of environmental 
condi tiona and the definition of chemical and physical mechanisms 
which determine the transport, sedimentation, mobility and diffusion 
of heavy metals in shallow brackish water. 

The entity and evolution of the saline field generated by tide in 
the estuary are observed through temperature and, especially, salinity 
measured in pre-fixed points in the area. This facilitated the 
description of the different water mass movements in response to the 
tidal wave under different condi tiona. 

The variation of heavy metal distributions in river waters, close 
to the mouth, was analyzed by the P.I.X.E. technique at different 
depths and by granulometric separation. Salinity and pH were used as 
reference tracers of the saline intrusion along the vertical profile 
of the river. 

Heavy metal concentrations were analyzed by the A.A.S. technique 
in the upper sediment layers (5 em) in the area of the river mouth. 
These reflect - on average - both the interactions occurring at the 

water-sediment interface and the dynamics of fresh and marine waters 
which influence the net flow at the interface. The ,method allowed to 
directly take into account the concentration gradients existing 
between the interstitial and surface waters, which influence the 
mobility of heavy metals, and thus determine the role of sediments as 
pollution sources, even in long-term effects. 

Correspondingly, the geochemical speciation of sediment samples 
collected give indications on the release of sediment to water 
environments and on the possibility of using concentrations present in 
this latter by the biota. 

The physical and geological nature of estuarine sediments was 
determined by granulometric analyses and by measuring the redox 
potential and the compaction indices on surface sediment samples. 

The final aim of the research is to construct a simulation model 
of the mechanisms involved, which would allow to control environmental 
conditions by monitoring some physical-chemical and toxicological 
parameters at a restricted number of points in a shallow estuarine 
area. 
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Relationship between Foraminifera 

and sediment distribution (Po River Delta, , Italy) 
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A study has been carried out 

about benthic foraminiferal a~ 

semblages collected in the "C~ 

narin" lago9n (Po river delta) 

and from the shoreline to the 

lOrn isobath during 1972, 1973, 

1974 and 1985 (fig. 1). 

The grain size and analyses 

permit the plotting of maps 

(Shepard and Nota 

classification). 

textural 

A significant visualization of 

the foraminifera frequency and 

the areal, textural and depos!_ 

tional variations of sediment 

is obtained only with the Nota 

classification (fig. 2). 

The Shepard classification do 

not shows good results. 

The aim of this poster is to 

indicate the use of a textural 

classification that is not fa- FIG.1 
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Water mass characteristics and degree of eutrophication 
In a shallow water embayment of the Ionian Sea : 

Amvraklkos Gulf 

N. Ch. FRIUGOS ancl E. Th. BALOPOULOS 

National Centre for Marine Research, 16604 Hellinikon (Greece) 

Amvrakikos Gulf is a shallow water (max. depth 60m.) semi-enclosed 
embayment. in the Ionian Sea. It is connected with the Ionian Sea 
through a narrow channel. The bulk of the run-off is supplied by the 
Rivers Arachthos and Louros (Fig. ll. both draining agricultural areas. 
The annual mean flow rates of the Arachthos and Louros Rivers are about 
70m3 /sand 19 m3 /s. respectively. 

Seasonal temperature and salinity data from selected depths. were 
obtained in 1987. from a total of 46 stations. using conventional 
instrumentation. In addition. measurements of inorganic nutrients were 
made. The methods adopted have been described by Friligos [1]. 

Fig. L The study area. showing the location of the oceanographic 
sampling stations. 

Water property distributions suggest. that surface salinity remains 
very low throughout the year (22.4-32.4%o in winter. 16.8-26.8%o in 
spring. 26.4-~<1.8%. in summer and 26.6-34.8%o in autumn). resulting in 
strong stratification. in the upper layers. Density gradiends are 
particularly stronger in spring (due to increased flow of the rivers) 
and in sUIIIIIer (due to high surface temperatures: 28.8-29.9 °C) . 
Horizontal and vertical variations of the water property in the Bay are 
great, throughout the year. suggesting that the various sea areas are 
influenced to a varying deogree from the freshwater discharge of the 
rivers. The northeastern part of the study area is subjected to the 
greatest influence (owing to the freshwater discharge of the River 
Arachthos). whilst the least freshwater influence is seen in the 
southeastern section of tt;f', Bay. 

To estimate the extent of eutrophication in Amvrilkikos Gulf a 
comparison is made with previous data collected in different polluted 
coastal waters of the Aegean Sea. The same background values were used 
in various regions of the Aegean waters. The relative factors of 
increase from background following the same methodology are sUIIIIIarized 
in Table I. 

TABLI! I. I!&TIO OF TOTAL IIUTRIEn PIR STUDII!D ARI!A TO BACitGROUIID 
IUTRIEIITS 

~:~~----------------11()~~~ ~~~4~~i ~"it~ -~02." ~~~~~~ _:- ~~~~:~~~~ 
lllehia Ba~ 5.11 <l.15 15.80 3.05 7.00 8.67 [1] 
leat. Saronikoe Gulf 2.25 2.85 2.50 1.11 6.39 ol.OO [2) 
Inner SaronUaoa Gult 2.50 1.38 ol.10 1.55 2.80 3.87 [3] 
llortb hboikoa Gulf 2.67 13.20 1.66 O.ol9 10.20 5.27 [4] 
I.&Tal& Qulf 1.80 l.ol!J 1.00 0.51 1.41 1.10 [5) 
.l.!.:undroupolia Gulf 1.32 3.28 1.00 0.65 8.21 3.27 [S) 
South luboilr.oa Gulf 1.46 1.'11 O.SS O.f.B 1.17 0.86 [f.] 
Paaaaaitikoa Gulf 1.02 2.80 2.80 1.25 2.38 2.28 [8] 
Theaaaloniki Ba7 5.33 3.35 4.50 3.83 3.88 f..1f. [7) 
I. Tberaaikos Oulf 2.09 3.81 2.91 2.4.0 3.80 3.22 [7] 
I. Tberaaikoa Gulf 1.18 2.21 1.97 1.53 2.20 2.00 [7] 
.... .ralr.ikos Gulf' 3.87 12.99 1.13 0.80 3.90 2.28 

Elefsis Bay, the most industrilized area in Greece, showed a tedency 
to concentrate all nutrients. but especially llDIDOnium (up to 16 times 
background). Elefsis Bay. Amvrilkikos Gulf and Thessaloniki Bay showed 
the highest vah1es of phosphate. The northwestern part of Thermaikos 
Gulf, Thessalor iki Bay and Alexandroupol is Gulf contained three times as 
much silicate es background. owing to the contribution of rivers. 
Eastern Therme Hr.s Gulf. Pagassitikos Gulf and South Euboikos Gulf 
Presented only slightly greater concentrations of nutrients than those 
of the AegeaJ, Sea. North Euboikos Gulf displayed a marked accumulation 
of nitrate and silicate. due mostly to the great depths and underwater 
springs, whilst Amvrakikos Gulf presented the same accumulation of 
silicate due .:o the contribution of the rivers and the morphology of the 
area. All nutrients were present in all areas at levels well above 
background. The quality of the receiving waters. . with respect to 
nutrients. depended on the different sources of nutrients, the 
morphology of th., area and the water circulation. 
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Endemism of L!monlum (~) 
In Yugoslav halophytic vegetation 

Andrija Zelimir LOVRIC 

Rudjer Boskovic Institute, Center for Marine Research, 41000 Zagreb {Yugoslavia) 

RESUME: Endemicite du Limonium (Statice) dans lo vegetation halophile de 
Yougoslavie. Limonium (Plumbagin~! un genre tres remarquable des marais sales 
et !lots qui est en Yougoslavie le plus riche en esp()ces halophiles y indus 7 end~miques 
adriatiques. II y est presente par L. seratinum, L. oleifolium, L. bellidifolium, L. feru
laceum, L. cancellatum, l. anfractum, L. vestitum et plus recemment on y a enregistre 
aussi L.hungaricum, L. hirsuticalyx, L. ~m, L. dubium, L. tommasinii, ~ 
diomedeum, L. visianii et L. dictyophorum dont Ia synecologie est etudiee. 

INTRODUCTION. The Limonium C)tatice pro parte, fam. Plumbaginaceae) is 
a very remarkable genus of the European salt marshes and skerry seashores, and among 
the halophytic genera in the Mediterranean coasts and islands it is justly the most diver
·Sified one, including the numerous coastal species and local endemics. Despite its consi
derable biogeographical and phytocoenological importance, along the East Adriatic it 
wos quite scarcely known, and this is the first special paper devoted to the Limonium of 
Yugoslavia. Thus in the classical floras covering E Adriatic prior to l980ies, the presence 
of its 7 species only has been registered: L. serotinum, L. oleifolium, L. bellidifolium, 
L. feruloceum, L. anfractum, L. cancellatum and L. vestitum. The recent detailed 
prospections in the field added 8 other taxa of E Adriatic whose vouchers are in Herbarium 
ADRZ: L. hungaricum, L. dubium, L. hirsuticalyx, L. asterotrichum, L. tommasinii, L. 
diomedeum, L. visianii, and L. dictyophorum. Thus Yugoslavia includes at least 15 -
different Limonium species, that is rather comparable with other Mediterranean countries. 

Among the 7 Adriatic endemics, L. visianii and L. dictyophorum may be the 
primitive prototypes of a considerable evolutionary interest, for being the distinctive 
halophytic shrubs with the candelabriform woody branches, and with terminal rosette 
leaves. Its other Adriotic endemics ore L. cancellatum s.s., L. vestitum, L. diomedeum, 
L. anfractum, and L. tommasinii. ----

RESULTS. The related saltmorsh species growing chief! y in the alluvial lagu
nar shores (Salicomietea s.lat.), in Yugoslavia are presented by 5 Limonium taxa: 

l. L. serotinum (Rchb.) Pign. (Statice limonium auct. cdr.) is widespread in 
E Adriatic salt marshes of Limonietalia Br.-BI. 

2. L. oleifolium Mill. (St. virgata Willd.) is frequent in E Adriatic salt 
marshes within the hypersaline Limonio-Artemisietum coerulescentis Hie. 

3. L. bellidifolium (Gou.) Dum. (St. caspia Willd.) is also frequent in the 
Adriatic salt marshes, especially within the Arthrocnemetum fruticosi Br.-BI. 

4. L. tommasinii Pign. (St. confuse auct. adr.) is endemic to NW Adriotic 
salt marshes, from the Venice lagoons to the Puna! lagoon in Krk island, growing mostly 
within the Salicornietum venetae Pign. 

5. L. hungaricum Klok. (St. gmelinii auct. pennon.) is endemic to the inland 
salt marshes and salt springs of Yugoslavia and Hungory, growing there chiefly within the 
limonio-Artemisietum monogynae Soo. 

The beach species of the backshore nitro-halophytic vegetation (Cakiletalia Tx.) 
are presented by the next 3 taxa of Limonium: ----

6. L. hirsuticalyx Pign. (St. gmelinii auct. cdr.) is an East Mediterranean halo
phyte, with its westernmost locality in the beaches (Euphorbion peplis Tx.) of Dugi island 
in Northern Dalmatia. 

7. L. asterotrichum (Salm.) Salm. (St. latifolia hort. non Sm.) is native to West 
Black Sea, but it is cultivated in some Adriatic gardens and also sporadically naturalized 
in NE Adriatic beaches within the nitro-halophytic vegetation of Cakiletalia. 

8. L. dubium (Guss.) Lov. (St. smithii Ten.) is a Central Mediterranean taxon 
of the Italian coasts, presented also in NE Adriatic islands Cres, Krk, Pog, and in the 
Ravni Kotari peninsula, in the beaches within Limonio-Goniolimonetum dalmatici Hie. 

The skerry coast species of subhorizontal stony shores (Crithmo-Limonietalia Mol.) 
inctude only two taxa of East Adriatic: 

9. L. ferulaceum (L.) Ktze. (Myriolepis ferulacea M.G.) is a South-Mediterro
neon halophyte with its northernmost sites in SE Adriatic especially in the isles Korcula, 
Elofiti, and in Pelje5ac peninsula, within the alliance Microrrhinion litoralis (Hie.) Lov. 

10. L. cancellatum (Bernh.) Ktze. s.str., is the subendemic Circum-Adriatic 
halophyte, and the very most frequent Limonium across the Yugoslav coast and islands. 
Its typical form grows within the Planta~nietum cancel loti Hie. in semiexposed 
skerry shores. 

The seacl iff species of the stormy aerosaline escarpments (Euphorbietalia dendroidis 
Zah.) are the most interesting group of 5 suffrutescent or shrubby endemics, that previous
ly have been generally confused within the pseudonyme "Stat ice cancellata" auct. s.lat .: 

11. L. onfractum (Salm.) Salm. is endemic in the stormy seacliffs of the Aurinio
Capparion Lov. along Eastern Adriatic, from the northernmost Kvamer islands along the 
Dalmatian mainlands to Albania. It is a suffrutescent taxon to 40 em tall. 

12. L. vestitum (Salm.) Salm. is a stenoendemic undershrub restricted to the 
remote Mid-Adriatic islets Jabuka, Kamik and Brusnik, within the stormy aerosaline 
cliffs of Puccinellio-Centoureetum crithmifoliae (Lov.) Lov. 

13. L. diomedeum Brullo is also stenoendemic to the Mid -Adriatic islets of 
Tremiti (loc. class.), with the new sites in islets Palagruia and Susac within the stormy 
aerosaline cliffs of Aurinio-Brassicetum frutescentis Lov. 

14. L. visianii (M.G.) lov. (L. adriaticum lov.) is also a Mid-Dalmatian 
endemic of the islands Vis, Hvar, lastovo and of the adjacent minor islets, growing in 
the stormy seacliffs of alliance Aurinio-Capporion. It is the distinct shrub to 50 em with 
a trunk to 2 em ¢thick, with the candelabriform woody branches, grey-pubescent evergre
en leaves in terminal rosettes, and with the suberect inflorescences. 

15. L. dictyophorum (fsch.) Deg. s.str. non al. (L. croaticum lov.) is stenoen
demic toNE Adriatic and restricted to the excessively stormy isles Prvic, Grgur, Goli, 
Bosko, and to NW Velebit coast of mainland, within the aerosaline seacliffs of Aurinio
Astragaletum dalmatici lov ., overexposed to the strongest Bora winds. It is a shrub to 60 
em, trunk to 3 em {;Y with woody candelabriform branches, big evergreen glabrous leaves 
to 5 em in terminal rosettes, and the inflorescences intricated angulate- reticulate. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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Botanical peculiarities of Dalmatian Lagoons In Neretva Delta 
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RESUME : Singularites botaniques des lagunes dalmates du delta de la 
Nepetva. Le delta de la Nel'etva est le plus gl'and et le plus divel'sij'ie du 
Zittol'al yougoslave, compte tenu des etangs sales et lagunes typiques bien 
conse!'Ves. Les vegetaux les plus inte!'essants sont Botorm<s junceus, !JiE!!!!. 
austl'alis, Fimbl'istyUs illyl'ica, Ta!'axacum tenui[ohum et les communautes 
I'emal'quables AI'undino-Typhetum austl'al'l-s, Tai"axaco-F-z-mbl'istyletum illyl'icae, 
Limonio-AI'temisietum cael'Ulescentis et Batl'achio-Potamogetum s-z-culi. 

INTRODUCTION. The coastal Karst rivers of SW Yugoslavia hove mostly the 
deep canyon estuaries with rocky shores, and the unique true swampy estuary there is 
Neretvo delta in Middle Dalmatia. Although the western port of this delta is very degra
ded by the hydrotechnicol regulations, agriculture and urbanizing, in its other ports 
persisted the most typical alluvial lagoons and salt marshes of Yugoslavia. It is of a con
siderable biogeographical and conservationist interest for its nesting sites of rare birds and 
of other threatened fauna, but also for its rich flora and vegetation so for few studied. 
Thus in the actual paper its neglected phytogeographical peculiarities are analysed. So 
for in the literature occured only some marginal botanical indications on this delta e.g. 
lovric and Roc (1987), and this is the first special contribution on its vegetation. 

RESUlTS. The swamp flora of Neretva delta is only partly comparable to the 
well known West Mediterranean estuaries, for it includes a considerable number of the 
interesting Oriental and Bolkanic subendemic taxa, being rare or absent westwards. Among 
its logunor algae the most remarkable ore some rare halophilic Charophyte e.g. theW 
Mediterranean Chora conescens lois. ssp·. salsa M.G., and the subendemic Adriatic one 
Ch. rabenhorstii A. Sr. The most interuting dicots there are Bryonia cretico l. s.str. in 
its northernmost site, then the rare Nymphoea thermal is DC. (N. lotus ouct.), and the 
East Adriatic endemic Taraxacum tenuifolium Hoppe (T. hercegovinicum M.G.). The 
monocots there present the most diversified swamp plants, including a series of the striking 
rare taxa (the related vouchers are in Herbarium ADRZ): 

Butomus junceus Turcz. (B. scutariensis auct.) is a SW Asian taxon with its west-
ernmost sites in Neretvo delta and Skador lake. ' 

Fimbristylis illyrico M.G. is endemic to coastal swomps 1of Eastern Adriatic. 

Nojos gramineo Del. has here its northernmost native site. 

Potamogeton sicub Ten. s.str. (P. subflavus lor.) is a disjunctive halophyte of 
the Central Mediterranean lagoons, with its isolated NE outposts in Neretvo, Cetino and 
Rosa estuaries of Eastern Adriatic. 

Triglochin loxiflorum Guss. has here also its northernmost site. 

Typha australis Schum.&. Thon. ssp. ongustato (Bory &. Choub.) M.G. (T. domin

~ ;;::;;i!·~f~l;;~~~t poloeotropicol taxon, with its NW outposts in Neretvo and 

The original natural vegetation in this delta includes the next 8 remarkable phyto
coenCQS (symbols used for species presence: I = 1 - 20% samples ... V = 80- 100% ones) : 

1. Agropyro-lnuletum crithmoidis Br.-BI. (alliance Euphorbion peplis Tx.) occurs 
in the shingle islets and undisturbed beaches of this delta. 

2. Juncetum marilimi-ocuti Hie. (all. Juncion maritimi Br.- Bl.) is frequent in 
the logunor shores of Neretvo delta. 

3. Bolboschoeno-Scirpetum litoralis Br.-BI. (all. Bolboschoenion maritimi Soo) 
is also frequent in the interior subsoline swamps within this delta. 

4. Arundino-Typhetum australis lov. (all. Bolboschoenion) is probably a most 
distinctive community in Dalmatian estuaries, covering extensive areas of the interior sub
saline swamps in Neretvo delta and being there a thermophilic swampy climax. It forms 
the robust dense reeds 3-5m ~all, marked by Arundo donox IV, Typha australis V, Butomus 
junceus IV, Boldellio ronunculoides IV, and Holoschoenus australis V. 

5. Toraxoco-Fimbristyletum illyricoe (Hie.) lov. (all. Fimbristylion Hie.) is 
the endemic Dalmatian community of the subsoline or lime-saturated, periodical dessicco
ting tarns, developed e.g. in the internal swamps of Neretvo delta. Its indicators ore 
Fimbristylis illyrico V, Taraxacum tenuifolium IV, Bolboschoenus compoctus V, and 
Heleochloo schoenoides IV. 

6. limonio-Artemisietum coerulescentis Hie. (all. Holo-Artemision Pign.) 
is very characteristic of the dessiccoting hypersaline marshes in the seaward ports of delta. 

7. Coleogeto-Zonnichellietum maritimae (Hart.) Soo (all. Ruppion cirrhosoe 
lov.) is the main community of infrolittoral benthos across the logunor bottoms of delta, 
marked by Coleogeton marinus V, Zonnichellia maritima (Z. major) V, Ruppio cirrhoso 
(R. spiralis) Ill, Althenio filiformis II, Chora conescens IV, Tolypello spec. div. V. 

8. Botrachio-Patamogetum siculi (Hie.) lov. (all. Ruppion maritimoe Br.-BI.) 
occurs in the subsoline running waters of estuarine channels between the lagoons of this 
delta. It is marked by Potamogeton siculus V, Pot. loeselii IV, Bohochium drouiHii IV, 
Nymphoeo thermolis II, Coldesio reniformis II, etc. 

In more disturbed western ports of this delta, the precedent vegetation is mostly 
eliminated, and there may persist only sporadically some isolated fragments of Juncetum 
and Bolboschoeno-Scirpetum. Other degraded habitats include the different secondary 
ccmmunities of a synanthropic lagunor vegetation, absent in E ports of delta: Cynodonti
Piontaginetum coronopi (Hie.) Tx. replacing Agropyro-lnuletum in shingle, then Althaea 
-Colystegietum sepii Beef. along the polluted logunor shores, Solicomietum europeae Tx. 
and Suoedetum maritimoe Pign. instead of limonio-Artemisietum in salt marshes, Scirpo
Phrogmitetum Br.-81. instead of Arundino-Trphetum, and Zosterelletum noltii (Herm.) 
Gioc. replacing t~e Ruppietalio in logunor bottcms, etc. The most devastated and over
polluted westernmost lagoons closely to the Kordeljevo (Pioee) harbour include only 
Solsoletum sodoe Slav. in salt marshes, then Choetomorpho-Volonietum oegogrophiloe 
(Feld.) Gioc. on muddy bottom, and Enteromorphetum proliferae-intestinolis (Zoi.)Hort. 
on the shingly one. 

Reference 
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Growth and reproduction 

of Myt!lus galloproylnclal!s (LMK) 
In two greek districts 

(Kyparlssl Lagoon and Elefsls Bay) 

AngelinaMETAXATOS 

Zoological Laboratory, University of Athens, Athens (Greece) 

SUMMARY 

The growth and reproduction of Mytilus galloprovincialis was 
studied using a modified version of the von Bertalanffy equation. 
The difference in growth was attributed to the nutrient supply 
and pollution. Reproduction extended throughout the year. the main 
spawning occuring in the winter. 

METHODS 

The growth and reproduction of Mytilus galloprovincialis was 
studied.for approximately one year in Kypari~si lagoon and Elefsis 
bay. In the first case the mussels were collected from a pole 
culture; the ones from Elefsis bay were kindly supplied by Dr. 
Panayotides of greek N.C.M.R. who was carrying o.ut a settlement 
experiment in the area at the time. 

Length (L) and total wet weight (TW) were used as indices 
of growth. The von Bertalanffy equation was used as applied 
by Gulland (1969) and Thiesen (1973). The L. is derived from 
the graphic method of Ford Walford (1946) . Reproduction was 
studied by histochemical method~ according to Griffiths (1977). 

R E S U L T S A N D D I S C U S S I 0 N 

The allometric equation w-a*L• was estimated at every s~pling 
period. The exponent 8 was always lower than 3.00 and ranged 1n 
Kyparissi from 0.82 in January to 2.89 in September. The low value 
is associated with g~etogenesis and spawning. In Elefsis 
bay, ranged from 2.07 to 2.54. In Kyparissi. Lm was estimated 
to L. -9.97 and the von Bertalanffy was Lt-9.97*(1-ek). k--
0.10*(t+0.10). In Elefsis bay L.-5.57 and Lt-5.57*(1-e~). m--
0.1B*(t+0.20). The growth rate in Kyparissi is considerably faster 
than that in Elefsis. In fact it is higher than any other rate 
mentioned in the literature (Bayne 1976). The most likely 
explanation is the high concentration of nutrients in 
Kyparissi due to a nearby fresh water spring. The low growth rate 
tn Elefsis may be due to the pollution of the area which 
receives the domestic sewage and industrial wastes of Athens. 

The reproduction of Mytilus galloprovincialis was continuous 
throughout the year. but the main spawning occurred in winter. thus 
the larvae benefit from the abundance of food available at the 
beginning of spring. Whil~t the gametogenesis and spawning in 
Mytilidae is documented in the Atlantic and other sea areas. 
there is very little information available regarding the 
populations in Greek waters. In addition. the advantage of this 
study is that the exact age of the mus~els was known. 
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Recherches experlmentales sur les communautes benthiques 

le long d'un gradient d'estualre dans Ia lagune de Venlse 

S. PELAIA, A. OCCHIPINTI AMBROGI et R. SCONFIETII 

Dipartimento dl Genetlca e Microblologia, Sezlone Ecologia, Piazza Botta 1 0, 271 00 Pavia (ltalia) 
Centro ln1eruniversitarlo di Ecologia delle Acque Interne 

INTRODUCTION 

Des substr.t.ts expfriment.t.ux en bois de sapin <20 x 30 x 2 em> ont 
fU employfs pour ftudirr 1& structure et 1& dynamique spati.t.le rt 
hmporellr des commun.t.utfs benthiques intertid.t.lrs d.t.ns un estuaire. 
Lrs prfltvements ont ftf effectufs d.t.ns 1• b.t.ssin Nord de 1& 1.t.gune de 
Venise 1• long du p.t.rcours l.t.gunaire de 1& rivitre De10e <Fig.l). Cette 
rivitre, birn que d'un falble dfbit, permet de reconn.t.itre des 
gr.t.dirntl> fcologiques import.t.nts, p.t.r l.t. prfsence de marfes d'une 
.t.mp 1 i tude peu communr en Hfd i hrr.t.nfe ( 80-100 em>. 

Le macrobenthos sessile a ftf sulvi dans trois stations, en fixant 
sur des poteaux en bois appelfs "bricole", qui balisent le10 can.t.ux 
navlgablrs, unr sfrir vrrticale de :5 panne.t.ux <m.t.rqufs, l partir du 
nlvrau supfrirur, p.t.r Irs lrttres a, ~. ~. ~. rt t> <Fig.2>. De cette 
fa~;on Ia zone intertidal! rst entitrrment couverte1 le bord inffrieur 
du panneau ~ co I nc'i de avec le n i veau de mi -marie. Les panneaux f ta i en t 
remplacfs tous Irs deux mols, de mars 1985 l novembre 1986. 

0 2 
'k'i;l" 

Lr rrcouvrrmrnt a ftf calculf rn suprrposant au pannrau unr grlllr l 
malllr carrfr d'un crntimttrr dr c&tf. La surfacr 1 iml tfr par chaqur 
malllr rst consldfrft commr Ia superficlr unl talrr dr rrcouvrrmtnt, l 
l'lntfritur dt laqurllt on fvalut unlqutmtnt Ia prfstnct-abstnct dt 
chaqut tsptct. 

Sur cts panntaux nous avons ldentifif 7 Algues, 5 Spongiairts, 5 
Hydralrts, plusiturs Actinlairts, 3 Pflfcypodts, 5 Strpul itns, 3 
Cirrlptdes, 8 Bryozoalrrs, 6 Ascidits. 

DISCUSSION 

a) S! l'on txclut It pannrau 8 1 It plus haut, couvtrt stulrmrnt par 
plr!nr mtr dt v!vt tau tt par consfqutnt pauvrtmrnt colon"isf, l'on 
constat• tn trt ~ 1 t Its autrts panntaux Ia prfsrnct d'unt 
dlscontinuitf biocfnotiqur vtrticah marquft, pu"isqur It dfcouvrtmrnt 
tncort prolongf f1 !mint dt ~ pluslrurs fUmrnts. 

b> Quant au graditnt d'tstualrt, Its trois stations consldfrfts 
montrrnt dts communautfs btnthlqurs structurtllrmrnt bitn 
dlfffrtnclfts. Nous avons pu y rtconnaitrt drux groupts d'tsptcts. Lt 
prrmltr groupt, l fcoiQ9it plus typiqurmtnt d'tstuairt, caractfrlse h 
stchur h plus dtssalf <station 1 1 sallnitf dt 0 l 15 :v.. >.II comprtnd 
Irs Bryozoalrts IC!1!!frbankla ptACI Ill tt Its Vlctorrllidfs, hs 
Nrdralrn Cordrlppbora cupla tt Garytia francitcana, h Clrrlptdt 
ltlanuJ tburnrya. 

Le second groupt comprtnd par contrt drs tsptcts substant ltllemtnt 
marlnrs, incapablts dt tolfrtr d'lmportantts drssalurts. Cts tsptces, 
dont hs Bryozoairt Trlctllarla Inopinata, It Sp!rorbidf .!l.t!uL!. 
puudpcprrugata, Itt Ostrtidfs, hs Ascidits,lts Sponglalrrs tt Ia. 

=~~f~~~~'!:J:~r:r;natr~m,~l ~~a3ht'. c~lonlunt surtout Ia station ~. l 

La station ,i, aux conditions fcologiquts intermfdlaires, prfsente 
drs flfmrnts apparttnant aux drux grouprs fcologiqurs. Son pruphment 
:~:in~=~~~!~risf par h Bryozoairt Conoprum srurati rt par des 

c> La colonisation drs substrata txpfrlmrntaux montrr unr allure 
salsonnltrr rytbm!qurz ptndant l'blvrr Irs pannraux n'bfbrrgrnt que drs 
colonirs rarrs rt petltrs ou qurlqurs lndlvidus isolfs, alors qu' rn 
fU, lorsqur tous hs taxa sublssrnt unr fortr poussfe colonlsatricr 
Irs substrats disponiblrs sont compUtrment couvert• rt de multiplt~ 
fpibiosrs conduisrnt l un rtcouvrrmrnt pouvant attrindrr 200 l 300Y.. 

d) En fin d'fU, lorsqur It mil lru attrint son potrntlrl maxim.t.l de 
colon!"sation, 1~ station ~. Ia plus marinisfr, prfsrntr de• valtur• de 
ricbrs•• •pfciftqur rt dr dlvtrsitf •upfrirure• aux autrrs stations. 

'~ Crpr~d~nt, cr• di fffrtncrs, ~,at Unuen t aux niveaux supfr 1 eurs, ou 
1 exposttton prolongfe l 1 atr rxrrcr une action limitante et 
banal isantr, qui rstompe le gradient fcologique de 1 'rstuaire. 
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Eutrophle et dystrophle dans Ia lagune de Goro 
(Sacca dl Goro) 

Attilio RINALDI', Giuseppe MONTANARI* et Andrelna FERRARI** 

• Region Emilie-Romagne, Assessorat de I'Environnement, Bateau Oceanographique "Daphne" (ltalie) 
** Musee d'Histolre Naturelle, Universite, Parme (ltalie) 

La "Sacca di Goro" est une zone lagunaire situee au sud du delta du Po. 
~lle s'etend sur une surface de 32 km2 avec une profondeur moyenne d'l,3 m. 

Les eaux douces de detournement fluvial se jettent dans la lagune et, gra
ce a une bouche de 3 km, elle est en communication avec la mer ouverte. 

En julllet 1987, de graves phenomenes dystrophiques ont provoque la mort, 
par anoxie, d'une grande partie des Moules elevees dans des pares. Un programme de re
cherche a alors ete entrepris afin de cerner les causes et 1' evolution du probleme. 

Il prevoit la realisation d 'analyses et de prelevements en neuf stations 
situees a l'interieur de la lagune et en deux autres sur les principaux affluents (Po 
de Goro et Burana Volano), Lors des operations de controle, effectuees tous les quinze 
jours, les parametres physico-chimiques de base (temperature, salinite, pH, oxygene 
dissous et transparence des eaux)" ont ete mesures. Des echantillons ont ete preleves 
pour la determination en laboratoire des substances nutritives, de la chlorophylle 'j(' 
et du phytoplancton, du point de vue qualitatif et quantitatif. 

L' examen effectue le 22 julllet 1987, a 1' occasion d 'un grave etat d' anoxie, 
a montre que cette condition dystrophique a affecte les eaux profondes de toute 1 'eten
due lagunaire, tandis que celles de surface etait en etat d'hypoxie. Ces conditions 
ont ete relevees sinai qu'un grave processus d'eutrophisation, essentiellement du au 
developpement des Diatomees et ll des conditions meteorologiques et climatiques carac
terisees par des temperatures tres elevees, une forte irradiation et la stagnation des 
esux (absence de vent) . 

Lea analyses successives ont montre le retour aux conditions normales 
d'oxygenation, meme si le niveau trophique (des substances nutritives) est toujours 
reate proche de 1 'hypertrophie. 

Lea donnees qui ont ete rassemblees durant ces six mois de recherche reve
lent que : 

1. du point de vue de la concentration des substances nutritives, pendant toute la pe
riode soua examen (juillet-decembre 1987), la "Sacca di Goro" preaentait des condi
tions d'hypertrophie. Elles sont creees, en majeure partie, par lea apports flu
viaux du Burana Volano, qui se jette dana la lagune, ll 1 'ouest, et du Po de Goro ll 
1' est. Il faut y ajouter les eaux de pompage en provenance de zones agricoles (il 
s'agit d'eaux particulierement riches en nitrates) ; 

2. les concentrations elevees en substances nutritives perdent leur pouvoir eutrophi
sant (en termea de productivite primaire), loraque d 'autres facteura, tela que tem
perature et irradiation, jouent un role limitant la croissance des Algues ; 

3. les phen0111enes dystrophiques (conditions d 'anoxie et d 'hypoxia des eaux) ne se ve
rifient que durant 1' ete, lorsque la presence de grandee quantites de substance or
ganique (conatituees par des micro-algues mortes, si la periode suit ou coincide 
avec un "algal bloom") est accompagnee de temperatures elevees et de conditions hy
drodynamiques statiques (echanges Umites avec 1 'eau de mer et mouvement ondulatoi
re insuffisant). 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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Size variations of Sphaeroma serratum (F.) 

(Crustacea lsopoda) 
along a North-Adriatic estuarine gradient 

Renato SCONFIETTI and Roberto SOFFIANTINI 

Dipartimentp di Genetica e Microbiologia, Sezione Ecologia, Piazza Botta 10, 27100 Pavia (ltalia) 
Centro lnteruniversitario di Ecologia delle Acque Interne 

From November 1984 up to November 1985 four different populations of Sphaeroma 
serratwn (F.) were studied monthly in the middle zone of the Dese estuary 
throughout the northern Lagoon of Venice (fig. l). where this species is one of 
the main component of the Peracarid community. 

to/hen captures were sufficient, at least 100 random subsampled "not males" were 
measured every month in each site. Males were not measured, because they are 
usually too rare to allow a significant statistical comparison. 

DifferenL sex-ratios among the collecting sites might have altered the mean 
sizes, as males are usually bigger than female. 

S'l' •• 
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Fig. 1 - The lagoon course of the river Dese. The pie-diagrams show mean 
percentages of S. serratwn on total Peracarids within the investigated area. 

Fig. 2 - Mean salinities at low and high water at the surface. 

Except for the reproductive period in summer, when the juvenile lengths were 
homogeneous in all population, the minimum sizes were found in the upstream 
population, the maximum in the downstream one (fig. 3), with highly significant 
statistical differences. Life cycles show parallel dynamics. 

mm 

8 

e 

4 

2 

N 0 I J F 
'8-' '8e 

M A M 

4 
/ 

/ 

t.: .::.~~~~- -· 
f 

A S 0 N 

Fig. 3 - Seasonal variations of the mean sizes of S. serratwn "not males" at the 
opposite ends of its distribution range: e upper site; 4 lower site. 

In the upper limit of the range of S. selTatwn distribution, dwarf sizes are 
probably due to the low salinities at low water (fig. 2), that cause a 
remarkable osmotic stress in the I~opod and strongly reduce its growth rate. In 
fact in the upstream portion of the investigated area, where salinity is very 
low (fig. 2), the "marine" species S. selTatwn is rare or absent, the 
macrobenthic coDDDunity being only characterized by true estuarine species, i.e. 
the Hydrozoan CordyZophora caepia (Pallas) and the Bryozoan VictoreHa pavida 
s.l. Saville Kent (SCONFIETTI & MARINO, in press), together with the Amphipods 
EchinogCUTifTKII"Us pungens (M. Edwards), Leptocheirus pilosus Zaddach, Corophium 
orientale Schellenberg, and the Tanaid Heterotanais oerstedi (Kroyer) (SCON
FIETTI, 1987). Here S. eelTatwn is reo laced bv S. hookeri Leach. 

On the contrary, in the lower portion a better vivification from the sea 
through a wide and deep navigable canal, allows the settlement ot an almost 
marine con:mrunity, and favours the reaching of maximum sizes in S. ser!'atum, no 
longer stressed by. unfavourable salinity patterns (C.UNTER, l%1). 

However, though the chemical-physical features are near to the physiological 
optimum for S. serratwn, its population density is there reduced by an increased 
interspecific competition. 
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Observations on the Development of Artemla population 
In the Salt Lake of Larnaca 

In relation to the abiotic parameters of the Lake 

Nicos A. HADJISTEPHANOU 

Fisheries Department. Nicosia (Cyprus) 

INTRODUCTION: The purpose of this study was to collect information 
on the development of the Artemia population inhabiting the Salt Lake 
of Larnaca. Long term observationB were made on the abiotic par.ameters 
of the Lake water and the annual cycle of the Lake was described. The 
development of the ~ population was correlated to the function 
of the Lake. 

SITE DESCRIPTION:. The Salt ·Lake of Larnaca is the biggest and 
lowest in a series of lakes situated to the southwest of Larnaca town. 
It covers an area of 5.1 sq.km.and its lowest part lies 2.1bm below 
the sea level. Natural catchment area is about 5. 7 sq. km. 

MATERIALS AND METHODS: Observations on the abiotic parameters of 
the Lake started in 1981. Measurements in 10 stations inc lltded maKimum 
water .depth, temperature, salinity, pH and Dissolved 0Kygen. 

Artemia were sampled and preserved in formaline. They were then 
counted under a microscope and categorized under cysts, nauplii, pre
adults and adults. Adults were sexed and females were classified 
according to their reproductive state. Couples were also counted. 

RESULTS AND DISCUSSION: The basin of the Lake is dry and covered 
with a salt crust in the dry season .Water appears usually in November 
and evaporates in July or August. The mean monthly values of the 1981-
1986 measurements showed that the maximum water depth of the Lake 
reaches its highest value of 38.2cm in February. Mean monthly 
temperature for the same period ranges from 19.o•c in November to 
13.8•c in February and 32.5•c in August. Salinity decreases from a 
mean of 177ppt in November to 99ppt in February and increases towards 
dessication in August. pH increases from 7. 56 in November to 7. 77 in 
February and decreases to .b. bO in .August. 

The fluctuation of the above parameters reveal a pronounced annual 
cycle of the Salt Lake. This cycle can be divided into two periods& 

al The first period starts when water appears in the Lake and 
ends when the water depth attains its maKimum, in February. During 
this period the water parameters depend on the water intake. Depth and 
pH increase, while temperature and salinity decrease. 

bl The second period starts in February and ends when the Lake 
dries. During this period the water parameters depend on the 
temperature, which creates high evaporation rates. Depth and pH 
decrease in this period,while water temperature and salinity increase. 

Wide deviations from the five-year mean monthly values were 
observed in the values of the parameters in a given annual cycle, 
i.e., 1986-87. Maximum water depth reached 75cm in March 19871 at the 
same month the water temperature decreased to 12.3•c and salinity to 
54.8ppt. pH increased from its minimum value of 6.91 in December ,1986 
and attained its maximum of 8.12 in March,1987. 

The ·described annual eye le of the Salt Lake and the wide 
deviations of the parameters, occuring in certain years, create a 
highly uncertain habitat for the Artemia population in the Salt Lake 
o·f Larnaca. As a result, adaptations of the population were developed 
to ensure its survival in the existing environment. 

From the table below it can be seen that hatching occured at the 
end of December. The pH value was considerably lower than the 
described as the essential range of hatching 8.0-9.0 <Sorgeloos !lU;. §1.., 
t98bl .Given that the pH values rarely exceed 8.0, the adaptation 
this respect ensured the onset of the population· s development, the 
other parameters being relatively favorable. 

I~§~!!;: Composition of the ~!:.!<!!!!!!!! population in the Salt 
Lake of Larnaca in 1986-87. 

Mean numbers par liter are extrapolated to a m3 of water. 
T--------------------------------------------------------------------,. 
1- Artemia category) I I Pra-1 )Non )Coupl.)Oviger.l 
1 -------- I Cysts! ~auplii)Adults)Males)ovig.J I Famal.l 
)sampling dat.&----J I I I IFam. I I I 
l------------------·l------l--------l------l-----1-----l------l-------l 
I 7 Nov. • 1986 I 20300 I I I I I I I 
l------------------l------1--------l------l-----l-----l------l-------l 
117 Nov., 1986 I 90001 I I I I I I 
l------------------l------l--------l------l-----l-----l------l-------1 
I 2 Dec. , 1986 I 1 oooo I I I I I I I 
l------------------l------l--------l------l-----l-----l------l-------1 
129 Dec. , 1986 1252400 I 32400 I 200 I I I I I 
l------------------l------l--------l------l-----l-----1------l-------l 
115 Jan .• 1987 I 158001 1160 I 500 I I I I I 
l------------------l------l--------l------l-----l-----l------1-------l 
I 3 Feb., 1987 I 35800 I 2800 I - I 400 I 200 I I I 
l------------------l------l--------l------l-----l-----l------1-------l 
120 Feb., 1987 I 14000 I 40800 114400 I 200 I 400 I I I 
l------------------1------l--------l------l-----l-----l------l-------l 
118 Mar., 1987 I 275001 15500 I 2ooo I 13801 16301 I I 
l------------------l------l--------l------l-----l-----l------1-------l 
131 Mar., 1987 I 10670126330 I 8220 I 18901 35601 220 I 330 I 
l------------------l------l--------l------l-----l-----l------1-------l 
114 Apr., 1987 12490001156430 118290 I 85001 36501 1290 I 5000 I 
l------------------l------l--------l------l-----l-----1------l-------l 
128 Apr., 1987 11230001 4670 I 3160 1168301 43301 1000 I 9670 I 
l------------------l------l--------l------1-----l-----l------l-------l 
114 May, 1987 I 494001 - I 2600 1175001 35001 600 115200 I 
l------------------l------l--------l------l-----1-----l------l-------l 

l~~-~~:: __ ~~~~-----:-~~=~~:--=-----:--=---:--=--:--~~~: ______ : _______ 1 
After hatching the development of the population was very aloWJ 

for more than a month the population was eKclusively composed of 
nauplii and pre-adults. The slow development of the population can be 
eKplained by c;~enetic adaptation in response to environmental fActors. 

The dominance of cysts in •lmost all the collectE!d samples reveals 
aelection of the strain against ovoviparity. According to Lenz and 
Dana (in press> the production of cysts consists a maJor survivAl 
mechanism in populAtions inhabiting periodically unfAVOrAble 
conditions. BrownE! !!l.i !!l.l 1984) also concluded that ovipArity is 
preferred by biseKual strains inhabiting uncertain habitats. 
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Influence du facteur sallnlte sur Ia nematofaune 
d'une lagune sud-medlterraneenne 

Patricia AISSA 

Ecole Normale SupMeure de Bizerte, Bizerte (Tunisia) 

RESUME 

L' ihcidence du facteur salini te sur les peuplements de nematodes en milieu 
lagunaire a ete sui vie a 1 'echelle spatio-temporelle. Au plan temporel, la sali
ni te est effectivement un facteur ecologique fondamental meme si d. autres para
metres interviennent sur les caracteristiques biotiques. Au plan spatial, la 
salini te n • est plus qu' une composante secondaire provoquant une reduction de la 
taille des nematodes dans les zones li ttorales. D' autres facteurs dont la gra
nulometrie fine du sediment jouent un role essentiel dans la caracterisation de 
4 zones bionomiques .. 

INTRODUCTION 

Comme le fait remarquer BIANCHI ( 1984), la classification des lagunes cotie
res reste peu satisfaisante. Deux modeles de classification s' opposent : 
* le premier, le "systeme de Venise" (1958), le plus utilise, considere que la 
salini te represente le parametre essen tiel determinant 1' existence de gradients 
hydrologiques et biologiques dans les lagunes ; 

* le second, celui de GUELORGET et PERTHUISOT (1983), controverse, se base non 
plus sur la salini te mais sur le "confinement", fonction du temps, qui discri
mine a lui seul des zones bionomiques au sein des milieux a salinite variable. 

Sans parti pris pour l 'une ou l 'autre des deux theories, nous avons voulu 
tester 1' influence du facteur hal in sur les communautei!l de nematodes peuplant 
la lagune de Bizerte. Ce plan d' eau communique largement, au nord, avec la mer 
par un chenal profond. L'oued Tin.dja, qui se deverse dans sa partie ouest, fait 
communiquer la lagune etudiee (assez profonde) avec le "lac" Ichkeul (milieu 
moins profond a salini te plus variable). Une analyse spatiale de la nematofaune 
a ete realisee dans la lagune, a partir de 10 stations de prelevement echelon
nees selon un transect ouest-est, dans le but de deceler un gradient de salini te 
croissant vers la partie orientale. En outre, des prelevements mensuels effec
tues durant une annee au niveau d'une seule station sont destines a evaluer 
1. influence du facteur salini te a l' echelle temporelle. certains parametres 
lagunaires pouvant varier dans le temps et non dans l 'espace. Nous avons calcule 
un coefficient de correlation, pour chaque couple de caracteres, selon la formule 
de Bravais-Pearson afin d' estimer l 'importance respective de plusieurs parametres 
physicochimiques et biologiques. 

RESULTATS A L 'ECHELLE DU TEMPS 

La salinite, avec une moyenne annuelle de 36°/ 00 , apparait assez fluctuante 
au cours du temps puisqu' elle oscille entre un minimum de 31.6°/ 0 0 en avril et 
un maximum de 40.2°/ 0 o en aout. Cette variabili te du facteur salini te influe sur 
la structure communautaire et coenotique du peuplement de nematodes suivi durant 
13 mois. Si aucune relation n • a pu etre etablie par le calcul entre la salini te 
et l' abondance des nematodes egalement variable, une correlation negative signi
ficative est enregistree entre la biomasse to tale du peuplement et la salini te. 
Le calcul permet aussi d' apprecier 1' incidence de la relation unissant la compo
s ante haline aux parametres biologiques structuraux (nombre: d'especes S, riches
se specifique R:,S, indice de diversi te de Shannon ••• ). Les valeurs des coeffi
cients r hautement significatives revelent que 1' augmentation de salini te en ete 
provoqu; une diminution de la diversi te specifique. Cet appauvrissement specifi
que note llll aoQt s' explique en partie par l 'explosion deurograplllique des repre
sentants de la famille des Xyalidae, toujours bien representee tout au long de 
l 'anne e. Il n' est done pas etonnant de mettre en evidence une correlation posi
tive eritre la sa!"inite et l'abondance de cette famille. 

RESULTATS A L 'ECHELLE SPATIALE 

Malgre la distance separant les 10 stations (8km), les ecarts de salini te 
res tent faibles (pas plus de 2°/ 0 0 ). L • absence de gradient de salini te sur le 
plan horizontal confere une certaine homogenei te a la lagune de Bizerte. Seule 
la biomasse individuelle des nematodes est correlee significativement a ce para
metre, la taille des nematodes apparaissant plus petite quand la salinite s'eleve, 
notamment dans les zones li ttorales. D' autres facteurs biotopiques jouent un role 
preponderant : ce sont la profondeur, la temperature, le pourcentage de fraction 
fine f. f, la hauteur de la couche oxydee et 1 • indice de classement So rendant 
compte de l'hydrodynamisme. Quatre zones bionomiqu,es de superficie tres inegale, 
caracterisee chacune par certaines caracteristiques granulometriques ( f. f, So ••• ) 
et biologiques ( S, R. S, et surtout les especes di tes dominantes dont ladomi.";:;ance 
est superieure o\i egale a 1%), peuvent etre definies sans le concours du facteur 
salini te. 

CONCLUSION 

Dans le cadre restreint de la lagune de Bizerte, milieu ou la salini te 
parai t variable au plan tempore! mais homogene au plan spatial, le facteur sali
ni te n' est fondamental qu' a 1' lkhelle du temps. Les resul tats obtenus argumentent 
en faveur de la these de GUELORGET et PERTHUISOT, la caracterisation de zones 
bionomiques etant indui te par la resul tante de plusieurs facteurs interdependants 
(notamment les parametres sedimentaires). 
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Cycle annuel du phytoplancton dans une saline Slcillenne 

C. ANOREOU, C. TOLOMIO, M. BORTOLOTTO et M. MONTANARI 

Oipartimento di Biologia, Universita di Padova, Padova (ltalia) 

Abstract 
~aper contains results concerning the phytoplankton (density and biomass) in 
connection with the temperature and salinity in three ponds used as salt-works. 

The results led to ascertain a prevalence of Diatoms in the phytoplankton popula
tion. Statistical valutations pointed out that not only the biomass of Diatoms, 
but also that of Dinoflagellates, was highly respresentative of these environments, 

and that these biomasses were not affected by the salinity. 

Introduction 
En Ita lie il y a plusieurs salines qui sont tr€:s souvent 8. 1' abandon ou mal 

exploitees. Ces milieux sont subdivises d 'habitude dans une serie de bassins dont 
le premier se trouve tout proche de la mer ("vasca fredda") et les aut res, 

1' int€:rieur, sent progressivement mains pro fonds et plus sal€.s. 

Dans le but d' une eventuelle utilisation de ces bassins pour l' aquiculture, 
avons entrepris des recherches sur les biocenoses planctoniques et benthiques dans 

une saline situee pres de Trapani (Sicile occidentale, Italie). Notre travail 
concerne seulement les resultats relatifs au phytoplancton. 

Materiel et Methodes 
Nous av~s effectu€: les pr€:1€.vements tous les mois, it partir de Janvier jusqu'il. 

D€:cembre 1985. Pour nos recherches nous avons considere seulement les premiers 

trois bassins a partir de la mer (S1, S2, S3), car les autres etaient trop sales et 
peu profonds (5-10 em). Dans les bassins choisis nous avons fixe plusieurs 
stations pour 1 'etude du phytoplancton (densite et biomasse) par rapport aux va
riations de la temperature et de la salinite. Pour l' observation des echantillons 
biologiques nous avons suivi les memes methodes precedemrnent utilisees (Andreoli et 

Tolomio, 1985) . 
Resultats et Discussion 
~e--qu~ la temperature nous n'avons pas relev€: de diff€:rences re

marquables entre les trois bassins, tandis que pour la salinit€: nous avons me sur€: 

des valeurs beaucoup plus hautes dans le bassin le plus eloigne de la mer (53) 
(Fig.1). 

Fig.1 - Fluctuations 
de_ la temperature et 

de la salinite dans 
les trois bassins. 

Le phytoplancton, comrne deja observe dans des milieux semblables (Sortino !:! ~·, 
1985), est caracteris€: par un petit nombre d 'esp€:ces, qui diminue progressivement 

vers l'interieur (51=64 especes; S2=54 esp<kes; S3=35 especes). Les Diatomees sont 
plus nombreuses que les aut res groupes systematiques (Dinophycees, Coccolithacees, 

Chlorophycees et Nannoplancton (Microflagellees)), avec la predominance des formes 
tychopelagiques. Parmi les Chlorophycees il faut remarquer la presence, plutot in
solite dans ce milieu, d 'une forme du genre Pediastrum (~. cf. clathratum). 

Si l 'on analyse les fluctuations des valeurs de la densite phytoplanctonique et 
de la biomasse, on peut relever des differences remarquables entre les trois bas
sins ; les donnees quantitatives (Fig.2) sont bien plus elevees dans le bassin le 
plus sale (53). Le plus souvent les variations ont ete produites par les memes 
especes ; toutefois, pour ce qui concerne les formes les plus impliquees, il existe 
une certaine difference entre les trois bassins.Dans le bassin S3 dominent quelques 
especes qui appartiennent aux genr!'s Navicula et Amphora et, uniquement au mois de 
Mai, Cyclotella sp., Dunaliella salina et le Nannoplancton ; dans le bassin 52, au 
contraire, il faut signaler quelques especes du genre Licmophora (en Fevrier), 
Cocconeis scutellum (en Juin) et deux Dinophycees qui n' ont pas ete classees (en 
Septembre) ;dans le bassin 51, enfin, on met en evidence encore les deux Dinophycees 
mentionnees (en Septembre) et, en Juin, Cyclotella sp. et Cocconeis scutellum. 

Les valeurs elevees de la biomasse enregistrees dans le bassin S3 aux mois de 
Juin et de Decembre sent dues a la presence de Pleurosigma formosum et de ~· sub
salinum, qui, meme s' ils ne sont pas tres abondants ( 15.000 - 27.000 cell/1)' 
toutefois jouent un role important dans la biomasse grace a leur volume cellulaire 
remarquable (387 .850 et 137.712 pm 3 respectivement). 

l'll·r~ A =§~~ 
3 ... §i / Fig. 2 - Fluctuations 
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1 / ·../. .-...; ./ ton dans les trois 

0 
/:;_> ..... ;--. ·";"::l/ ·~l '·~ /~ bassins. 

M M1985 J 

L' analyse des variables qui d•acrivent les fluctuations temporelles dans les 
trois bassins a mis en evidence une correlation presque toujours significative 
(0,5 .( R <: 0,96) entre la biomasse et la densite relatives aux divers groupes du 
phytoplancton. Cependant ces parametres, rapportes uniquement aux Diatomees et 

IJinophycees, peuvent expliquer 98% de la variance to tale de chaque bassin; done 
ils sent tres representatifs. Toutefois nous n' avons pas obtenu,sur la base des 

donnees precedemment mentionnees (Figs 1 et 2), de correlations significatives 
parmi ces valeurs et la salinite. Par consequent il est fort probable que cette 
situation n 'est pas imputable aux variations de la salinit€: mais plutOt a d 'aut res 

facteurs, comme, par exemple, la diminution progressive du volume d' eau dans les 
trois bassins' a la suite de leur utilisation. 
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Nutrient dynamics and dystrophy 

In a Brackish Coastal Lagoon (St. Andre, SW Portugal) 
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• Departamento de Zoologia e Antropologia, Facultade de Ciencias de Lisboa, 
Laboratorio Maritima da Guia, 2750 Cascais (Portugal) 

•• Departamento de Ecologia, Unlversidade de Evora, 7000 Evora (Portugal) 

St. Andre <150 ha, ca. 1. 5m average depth, SW Portugal) is a land-locked 
lagoon isolated from the sea except during a short period in Spring (l/2 - 1 1/2 
months> when a man-made channel is opened through the sand barrier. Such feature 
makes it an ideal system for the study of lagoonar lll!tabolism. 

Chemical parameters variation from !larch 84 to !larch 86 <Fig. 1l shows low 
nutrient concentrations except for two types of periods: 1 Hate Autumn-Winter and 
2>Summer. 
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Fig.l. St. Andre lagoon - paralll!ters variation during a two years survey. lo values 
for !larch and April 85 when the lagoon was connecting with the sea. Chemical 
values expressed in )lgat/1. 

1. Late Autumn-Winter - lutrient IncoiiB 

During the raining period high concentrations of Silicate <Si~) and 
litrate <lOa> coming from the watershed are observed. The highest concentrations of 
JQ., in the lagoon water are observed after intense rainfall periods - Jan. 85 and 
Feb. 86 - and a strong correlation <p<O. 001) exists between I~ and precipitation. lo 
raising of phosphate <P04 - dissolved reactive phosphorus> is obeerved for this 
period. However it is well !mown that predollinant form of incolling phosphorus is not 
dissolved but particulate <particularly sorbed to clay>, During the reported period, 
precipitation correlates <p<O. Oll with turbidity which is caused by particulate 
<silt+clay) llllterial. The only other turbidity peak value is obeerved in Aug. 84 when 
a high phytoplanktonic biollllss was recorded <CAICHLA DA FOISHCA et al., in press). 

2. SuliiiiSr - Iutrient Sed111Bnt Release 

For Sulllll!r lKlnths high concentration of PO .. and Si~ were detected. As no 
loading of SiOa from the watershed is developing during the dry lK!nths, these peak 
values !lUst be explained as the result of internal recycling. 

SediiiBnt has a high organic content (12-1511 liDnthly average and 4811 llllXillUm 
values> and, as temperature raises, intense oxidative processes develop. The high 
llllcrophytic biollllss develops intense photosyntesis during the day but contributes 
to the nocturnal oxygen consul!lption and prevents adequate mixing of the whole water 
column causing '00!1111 diurnal low bottom dissolved oxygen values. IInder oxidative 
conditions of sediiiBnt-water interface no nutrient release from the anoxic layers to 
the water occurs. When anoxic conditions prevail phosphorus trapped in the sediEnt 
<eg. in iron COl!lpOUnds> passes rapidly into the water above at a rate as .uch as 
1000 tiiiBS faster than release,. from oxygenated sediEnts <GOLDILU II HORD, 1983>. 
Oxygen also plays a role in the control of Si~ which is also released in reduced 
condi tiona <VAIDHRBORGHT et al. ,1977). 

According to CHASSAIY DB CASABI.UCA <1979) the evolution of I/P ratio llllkes 
possible the prediction of dystrophic phenoEna. The behaviour of 1/P in Fig.l 
compared with PO .. and Si~ clearly traces the sediment anoxic-reduced conditions. 
The lower values of the ratio were recorded in Jul. -Aug. 84 when large fish 
liOrtalities and a set of environantal conditions usually refered to as "dystrophic 
crisis" occured <BERIARDO et al., in press>, In Sep. 85 fish !Klrtali ties ""re detected 
by local fisherlllln corresponding again to a low I/P value. 

Low values of 1/P ratio agree with high water phosphate and silicate 
concentrations. A whitish water layer attributable to iron compounds was observed 
indicating the release of these compounds fro• the sediments when anoxic conditions 
occur. Fish liOrtalities can also be related with iron hidroxid precipitation which 
could recover its gills and asphixiate the• <IACBADO CRIJZ,1969>, The fact that this 
precipitation occurs in the presence of ~. could explain the liDrtalities observed 
at noon <BBRJARDO et al. , in press>. So, low 1/P values could be better explained by 
a sudden raise of phosphate concentration <nor•lly low in these productive 
environments where dissolved phosphate is rapidly transfered to the vegetal bio•ss> 
than by a great decrease of nitrate. The high sediment release of Si~ under the 
reduced conditions of the dystrophies gives to this coapound a real interest in the 
prediction of this phenomena. 
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Occurence of a bloom of Gymnodinium catenatum Graham 

in a Tyrrhenian Coastal Lagoon 
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Gymnodinium catena tum Graham ( Dinophyceae, Pyrrophyta) is 
unarmoured, chain-forming dinoflagellate. The chains can be formed by 
a few ( 2-4), or up to more than 30 individuals 24-35lJ.l11 long and 30-
4llJ.ffi wide. This species is known to have caused paralytic shellfish 
poisonings ( PSP) in humans in Mexico, Spain and Australia (Campos et 
al., 1982). Extensive information concerning the toxicological 
properties of this species is given by Mee et al., 1986. 

Gymnodinium catena tum has a wide geographic distribution (Pacific 
coast of America, Japan, Australia, and the Atlantic coast of Spain), 
but its ecological characteristics are as· yet insufficiently known 
( Hallegraeff & Sumner, 1986; Hallegraeff et al. , 1987; Campos et al., 
1982). 

In early September 1987 a bloom of Gymnodinium catenatum was 
observed at Fusaro lagoon, located on the Southern Tyrrhenian coast 
of Italy. Fusaro is a euhaline coastal lagoon, showing low spatial 
and temporal variations in salinity, due to both a good connection 
with the sea and a scarce inflow of fresh water. In recent years, the 
lagoon has undergone heavy domestic pollution and extensive dredging 
that have drastically modified its morphological and ecological 
characteristics. As a consequence, anoxic conditions are often 
observed, particularly in the area subject to dredging, where the 
present bottom reaches down to more than three times (13m) the 
average depth of the basin ( 4m). 

Since this is the first: report of a bloom of Gymnodinium 
catena tum for the Mediterranean Sea and for a coastal lagoon, we 
bc,lieve that its presence may be considered interesting from both an 
ecological and an applied point of view (shellfish farming), 
considering that Gymnodinium catenatum exerts toxic effects at 
concentrations of 10 3 cells/1 (Estrada et al. 1984). 

Figure 1 shows a chain of Gymnodinium catenatum 
collected on September 9th and preserved in 4% 
neutralized formal. It is worth noting that 
preservation techniques have a strong influence on 
the variability of some morphological features of 
this species (Graham, 1943; Balech, 1964). 

When the bloom occurred, Gymnodinium catenatum 
reached total densities of 1.7·10 5 cells/1 (46% the 
entire population) . The remaining phytoplankton 
population consisted of about 30% phytoflagellates 
and 18% diatoms. Some physico-chemical parameters, 
measured at three stations along the main axis of 
the basin during the occurrence of the bloom are 
given in Table I. 

Previous observations in the same lagoon ( 1985, 
unpublished data) indicate the presence of this 

FIGURE :::.. species from June through September. In these 
samples Gymnodinium catenatum, which at times occurred at higher 
concentrations ( "'6 x 10 6 cell/1) than in September 1987, accounted 
for no more than 42% of the entire population. The remaining part was 
composed by diatoms ( 38%-78%), and phytoflagellates ( 17%-34%). 
The considerations of Bravo ( 1986), who suggests that the blooms 
observed in the Ria de Vigo may originate from cysts present in the 
bottom sediments, may represent an appropriate basis for hypothesizing 
that the Fusaro blooms are a possible consequence of the continuous 
resuspension of the lagoon sediments, and hence of the cysts, by 
dredging. 

Despite the lack of information regarding the toxicity of its 
population, the presence of Gymnodinium catenatum in the Fusaro 
lagoon may represent a possible complication for the reclamation 
programs aimed at restoring in the lagoon ecological conditions 
compatible with its century-long tradition in shellfish farming. 

TABLE I 

ST. h Temp. Sal. 0;, 0,. N-NO., N-N0 3 N-NH 4 P-PO., sio. Chla Phaeoa 
# oc PSU ml/l ?osat ).J.M ).J.M ).J.M i.J.M ).J.M )J.g/1 )J.g/l 

17 15.30 28. 44 38.19 6. 41 146.1 0 0. 52 1. 06 0. 45 9. 91 20.68 3.73 
24 16.03 28.45 38.18 5. 99 136.7 0.10 0.10 l. 07 0. 49 16.43 21.50 ll. 53 
29 16.23 28.61 38.15 5. 58 127.6 0 0.63 1. 30 0. 26 12.03 22.06 8. 76 
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E-llis 

Dynamique des populations d'Uivacees et cycles 
du Carbone et de I'Azote (lagune du Prevost, France) 

M.L DE CASABIANCA-CHASSANY 

B.A., USTL, Place E. Bataillon, 34060 Montpellier Cedex (France} 

Mots clefs : illvacees, lagune saumatre, composition elementaire des 
thalles, materiel particulaire, biomasse, sels nutritifs, etang du 
Prevost, Languedoc-France. 

Dans une lagune saumatre mediterraneenne, !'evolution saisonniere 
d'un systeme a Ulves flottantes est etudie par des mesures 
hebdomadaires en zone bordiere d'accumulation . Les mesures de 
biomasse en milieu naturel sont doublees par des experimentations en 
cages in situ. Etant donnee la variabilite du milieu, cette etude est 
centree sur !'analyse, dans l'espace et dans le temps, de la composition 
elementaire en C et N des thalles d'illves et du materiel particulaire 
des eaux ; les divers parametres hydrologiques et climatiques sont 
suivis parallelement. 

• 
• • 

Les populations d'illvacees ont ete suivies durant 7 mois, en lagune, 
par des mesures hebdomadaires en zone proche du bord (etang du 
Prevost, Languedoc, France). 

1 o. Des mesures quantitatives effectuees sur les populations naturelles, 
et des experimentations en cages "in situ", et des examens 
microscopiques des thalles, il ressort : 

a/ Les thalles d'Ulva rotundata (Blinding), espece la plus representee, 
sont amenes dans la zone proche du bord par des courants, apres leur 
croissance maximale; la biomasse d'illves flottantes (4500 g P.R. /m2) 
succedant a des populations d'Enteromorpha proliphera se maintient 
d'avril a juin, les thalles sous-jacents etant plus actifs. 

b/ Les processus des degradations apparaissent dans les Ulves de 
surface en mai puis sur !'ensemble de la masse algale jusqu'a 
degradation totale fin juillet. 

2°. Le suivi des cycles du carbone et de !'azote dans les differentes 
fractions de l'ecosysteme a illva apporte les resultats suivants: 

a/ La composition elementaire des illves (moyenne des echantillons de 
surface et de fond), montre au cours du temps un pourcentage 
decroissant en carbone (29,.7% a 23,85) et croissant en azote (1,18 a 
2,10%), le C/N variant de 21,78 ± 9,4 a 13,81 ± 7,80. D'autre part, le C/N 
des illves de surface varie de 25,4 ± 8,9 a 18,8 ± 9,5 et le C/N des illves de 
fond de 15,2 ± 9,09 a 9,8 ± 0,8 d'avril-mai a juin-juillet. 

b/ Ces rares donnees sur le materiel organique particulaire en etang 
font ressortir !'importance de cette fraction organique en milieu 
lagunaire. Le carbone et !'azote particulaire des eaux montre trois 
principaux pies dont le premier de 20mg/l de C et de 2,6 mg/1 d'N est 
situe un mois apres le pic de biomasse algale. Le C/N du materiel 
particulaire (7,99 a 7,75) moins eleve, mais non significativement 
different de celui des Ulves, confirme son origine ; neanmoins on 
observe une diminution du C/N en passant des thalles a l'etat de 
materiel particulaire. 

cl L'analyse des sels nutritifs des eaux montre de faibles teneurs en 
nitrites et nitrates, elevees en phosphates, avec un NIP inferieur a 1, 
typique de ces lagunes mediterraneennes peu profondes et eutrophes. 

3o) On conclut a la rapidite de degradation des thalles d'illves, et a 
l'importance des transformations de la matiere organique des thalles 
en materiel particulaire avec augmentation du pourcentage d'azote et 
diminution du pourcentage de carbone, au cours du temps, comme 
dans l'espace, de la surface vers le fond. 

D'autre part, la methode generale d'etude par !'analyse des differentes 
fractions azotees et carbonees du systeme, parallelement a la 
dynamique des populations, est une approche interessante du 
fonctionnement de ce type d'ecosysteme variable. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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E-III6 
Lagune de Mellah, Algerie : etude spatlo-temporelle 

des parametres hydroblologlques 

M.L. DE CASABIANCA-CHASSANY .. R. SEMROUD"" et F.L SAMSON KECHACHA*" 

• B.A., Universite des Sciences et Techniques du Languedoc, 
Place E. Bataillon, 34060 Montpellier Cedex (France) 

•• B.A., Universite des Sciences et de Technologie, 
B.P. Dar El Beida, Alger (Algerie) 

ReB~me: L'etude s'appuie sur les deux atouts essentiels dulac: 

1) sa topographie et son rtgime qui en font un vtritable modele de lagune saum{ttre 
mtditerrantenne tectonique ; ceci permet la mise en place d'un suivi spatio-saisonnier des 
parametres hydrologiques (temptrature, salinitt, 02•. SiO 2• NO 3• PO 4• NH 4• chlorophylle) 
et permet de dtfinir mouvements d'eaux, stratification et gradients . 

2) son absence exceptionnelle de pollution, ajoute un inttret suppUmentaire au suivi des 
nutrients et a la valeur du pic estival de phosphates (5 uatg /l). 

Mot•-clef: lagune mtditerraneenne, hydrologie spatio-saisonniere, nutrients 

Au Nord-Est de l'Alg~rie, prbs de la frontibre tunisienne, a une dizaine de kilometres a 
l'ouest d'El Kala s'~tend une lagune saumitre d'origine tectonique, le lac Mellah, (865 
hect., 5m20 de profondeur maximale). Reli~ a Ia mer au Nord, par un long chenal, (900 m), 
le lac re~oit au sud eta I' ouest les apports d'eau douce intennittants des oueds. 

Cette ~tude rend compte de 8 periodes de pr~lbvements effectu~s au cours de l'ann~e 1980 sur 
le grand axe dulac, allant du grau de l'l!tang a son extr~mitl! Sud, ou ont I!M positionn~es 7 
stations, sur 7 km. Aux dift'l!rentes stations ont I!M mesurl!s en surface et tous les metres en 
profondeur : templ!rature, oxygene et salinit~ a l'aide d'une sonde, tandis que des 
~chantillons d'eau ont I!M parallblement recueillis pour l'analyse des phosphates, nitrates, 
silicates, et chlorophylle . 

CLNA 24·21 II·SO SO·I2 •t2 

s•1•• 0 lliil EiZJ • 

OXYGEN PP111 
1-1 1·1 1•7 7-1 

0 m1l 

JUNE 

JULY 

aEP.OCT.NOV. 

A partir de !'ensemble des donnl!es, on dresse des coupes verticales de la lagune selon le 
grand axe du lac, representant lea principaux parambtres, dont certains sont figurl!a ici 
(ClNa, 02, P04, N03). En dl!pit d'une certaine variabilitl!, apparaissent lea principaux 
mouvements d'eau, stratification et gradients auivants : 

1) La p~nl!tration estivale de Ia mer par ftcoin aaleft s'observe sur le fond de l'etang (teneurs 
> 32 8°/oo au dellt de 4m de fond) ; 

2) L'importance de Ia stratification eativale se traduit par une baisse d'oxygbne s'accusant 
vera Ia fin de l'etl! et de Ia aurface vera le fond (teneura < 3ppm au dellt de 4m de fond de 
juillet a novembre) ; 

3) La montee estivale des orthophosphate& s'observe du fond vera Ia surface ; on note un pic 
tree elevl! (5 JUltg/1 en juillet), malgre I' absence apparente de pollution ancienne residuelle ; 

4) Pendant Ia periode hivemale d'apports d'eau douce, s'observe, avec Ia baisse de saliniM, 
une plus grande homog~neisation des eaux de surface, cependant qu'une zone anoxique de 
saliniM elevl!e persiste au dela de 4m de fond, (teneurs en oxygene < 3ppm) ; 

5) Le pic de Chlorophylle (llJUltg/1) se situe en juillet, en surface, selon un gradient 
comparable a celui de !'oxygene. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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The Callch Lagoon (NW Sardinia) 

general ecological observation and fry migration 

LA. CHESSA, S. CASU, G.M. DEUTALA, RA VACCA, 
G. CORSO, M. PALA, S. UGIOS, A. PAIS and S. TOLA 

lstituto di Zoologia, Universita, Sassari (ltalia) 

RESUME '-Lee tionneee d 'une etude eur La migration tl'Ophique de jeunes poiseons d 'intbet 
economique eont foUJ"'Tlise dans ce tl'avail., conduit dans La Lagune de Cal.ich (Sal'da~J. 
Lee 1'~Su1.tate ant dbrcmtl'e que, ma.l.{/l'e tee p1'ecai1'ee conditions ecol.ogiquee du base-z.n, 
1.e phenomena ee pl'esente 1'egul.ie1'ement. 

The Calich Lagoon :for its area is the third largest salt-ooarsh in NW Sardinia (Fig.l). 
It has been recognized :for a long tiae not only :for its great naturalistic importance 
(included by the CNR in the list o:f protected environaents-IIONTALENTI, 1967) but also 
as an economic resource :for c011111er·cial :fishing activities (FATICHENTI et al. ,1978;CHE§ 
SA, 1980). A:fter reclaastion work in 1938-40 the lagoon has become increasingly pollu
ted by both cheaical and microbiological :factors due to the developa~ent o:f aodern agri
cultural-zootechnical activities and industries present in the watershed area (400 ti
mes greater than the lagoon surt'ace) and for the increased anthropic pressure. It has 
been ascertained that the input ot' suspended utter is approxiutel,y lD times larger than 

the output with an accuaulation ot' about 10,000 t/y of suspended aatter (OREN et al.,l980). 
In consideration ot' all these t'acts the "Regions Sardegna" decided in 1978 to carry 

out a series ot' reclaastion work to iaprove the t'ishing productivity. 
In order to evaluate how the ecological state ot' the aarsh at't'ecte the entrance of T! 

leoateans t'ry, -have carried out froto Noveaber 1985 to October 1986, a research "ad 
hoc". It was observed during this period that a large aaount of the ungrazed filaaantous 
alga EnterotDOrpha inteatinalis (L.)Link was present, interfering with water exchange 
between the lagoon and the sea. For the fry sBIIpling- used sull "trawl-net" (15 aeters 
long) and s "fyke-net with rings"; to catch the glass-eels - also used "bundles of ayr

tle branches". Saaplings -re effected over a 24 hour period and the fishing gear con
trolled every 6 houre, once a aonth. A set of environaental paraaeters along a transect 
between the entrance and initial part of lagoon has been recorded at surf' ace and close 
to the bottom (data non included). The water teaperature of the lagoon varies be-en 9"C 

(December) and 27°C (August) , while the sslini ty values are bet-en 6So and 4~• • 
The Mullet t'ry sho-d the highest abundance: ~of the total yearly saaplings (Fig.2). 

The dominant species -re Lizs raaada (Risso)(2,145 specimens) and Liza aurata (Risso) 
(1,275 apecimens)(Fig. 3). The size at the March, April and llay entrance for~· raaada 
were 18.38:!: 1.3 -; 18.16:!: 1.3 -and 18.78:!: 0.9- respectively; while for~· aurata 
21.9 :! 4.2 am, 27 .8! 5.6 - and 24.07! 3.6 mm respectively. For !:· ramada our data corre

spond -ll with other si tea in the lledi terranean, both for size and appearance period 
(TORRICELLI et al.,l982; ZISIIAII & BEN TUVIA,l975). For~· aureta the peek of abundance 
in the Calich lagoon is anticipated with regard to that t'ound in the North TJrrhenian a
rea (GANDOLFI & TORR! CELLI, 1978) , but is delayed to that of the Israeli coaata ( ZISIIAII 
& BEN TUVIA, 1975): thus the theraal conditioning phenoaenon is evide11t. Li:u ~ 
(Risso) appears in the Jlarch aaapling (40 speci-ns), while 6 speciaens of~ cepha
lue L. were collected be-en Noveaber and Deceaber. Regarding the other Teleosta, 35 
specimens of~ ~ (L.), ~ aurate L. and Dicentrarchus labrax· (L.) we
re saapled as a whole (Fig. 4). 

In spite of its precarious ecological state, the entrance of llullet rr,. in the Calich 
lagoon is good and coaparable froto a qualitative and quantitative stand point with that 
of other lagoons in the central and southern Italian areae. The lack of previous deta, 

though partial, of this kind for the Calich lagoon, aakes a comparison iapoeaible. Froto 
the date of CIIESSA (1980) relative ho-ver to the adults stage, it can be shown that the 
Mullet are the quantitatively doainant group (69.~) while species ot' greater economic 
value such as gilthead and baas constitute only 1.2% of the total catch. 

We think that the ecological condi tiona and therefore the aigration of fry in the la
goon can be greatly iaproved by the opening ot' a second aouth, in fact the particular 
shape of the aarsh long and narrow is one of the aost critical aapecta of this sub-system. 
The opening of a new aouth could be aade in a point to the East, but near the present 
mouth (Fig. 1). At the end of the reclamation work, "in progress", a replication of this 
study is reca.aended as this could show the real biological potential "yield" ot' Tale
oats fry, thus giving indication for its exploitation and rational aanagement. 
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Fig. 1 - A,B,C: Fishing ge.r location (A:".yrtle branches";B:"fyke-net";C:"trawl-net") 
.0.: position of the 2nd ..,.rth proposed. - -

Fig. 2- Species dollinance of Teleosts fry <- year's data - no speci~~e~~s found in 
Novetlber, Decetlber and fr011 July to October). 

Fig. 3 - Nuaber of individuals of Mullet fry collected ~thly ~no speci•ns found 
fr011 July to October). 

Fig. 4- Hullber of individuals of fry, of c-rcial value, collected 110nthly. 
- Not SHPled in January, February and June -

~ 
CHESSA L.A. 1180. Bol.l. Soc. Studa Sci. kt. 11: 111-131 
FARRIS G. A. ,FA~ICHElf'ri F. ,DEIAIA P. ,DECliERC1li V. I VISCOII'.ri L.1180.~ 4:m-liJI. 
FA~ICHErri F., DEIAJA P., FARRIS G.A., ARRU A., CHESSA L.A. & 'rORRE A.1B78. Bo2.l.. Soc. 

Studa Sci. /lat. 1?: 101-158. 
GANDOLFI""(i;-& '!!ORRICELLI P. 19?8. Ateuo Par.ua, Acta llat. 14: 157-166 
NO/ITALElf'ri G. (ad.). 116?. ~i datla "RWfll'«Z .;:;:;;,;iji«J...n n. 38, CIIR, Roma. 

OR§ O.B.,OOPHE/1 II. & GORDIN B. 1980. PH1~ ~· UniHl'tlitll of Saaao.Pi. llll pp. 
TORRICELLI P. > 'fO/IGIORGI P. I AUlA/lSI P. 118!. Filllunoiaa Raaaa:I'C11, 1: !1B-Z34. 
ZISJIANTI L. & BEll TUVIA A •. 19?5. Aq'llactlltlll'6, 6~.---

This study hae been supported by a grant froto "Jiiniatero della Jlarina .. rcantile" 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

E-llis 
Distribution spatlale du phytoplancton de l'etang de Thau 
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Les mesures realisees dans I'Etang de Thau en 1986-87 avaient un objectif 
prioritaire: definir que! type de reseau de stations, que! rythme de prel!wements, que! 
choix de variables serait le mieux adaptes pour comprendre les processus a l'interieur 
de chaque compartiment trophique et leur poids relatif dans le fonctionnement general 
du reseau. Mais il est evident que repeter en quatre occasions Ouin et octobre 1986, 
fevrier et mai 1987) un reseau de 63 stations sur une lagune littorale de 7500 hectares 
en suivant 28 parametres represents une densite d'information exceptionnelle en milieu 
paralique, qu'il imports aussi d'analyser en temps que tel. C'est ce que nous presentons 
ici pour le compartiment des producteurs primaires photosynthetiques en nous appuyant 
principalement sur !'analyse spectrofluorimetrique des chlorophylles a, b et c et de leurs 
produits de degradation. Ceci permet d'aborder !'aspect biomasse avec une grande 
precision mais egalement d'approcher Ia structure des communautes par cette voie 
ataxinomique; cet aspect sera d'ailleurs complete par une analyse des taxons les plus 
representes et de Ia diversite specifique. 

1 Distribution spatlale de Ia blomasse chlorophyllienne 

La distribution de Ia chlorophylle a , basee sur !'ensemble des quatre campagnes 
spatiales, met en evidence un remarquable gradient croissant le long de l'axe principal 
de l'etang, du sw vers le NE, avec des isolignes "diagonales". Les teneurs sont 
inferieures a 1.7 mg. m·3 dans le tiers sud-ouest, entre 1.7 et 2.4 mg. m·3 dans Ia partie 
medians et superieures a 2.4 mg. m·3 vers Sate. A priori , cette distribution peut 
correspondre a deux hypotheses distinctes si l'on admet , compte tenu des faibles 
apports terrigenes, que les sels nutritifs constituent le regulateur principal de Ia 
production primaire: 
• le developpement actif du phytoplancton a partir d'un point source de sels nutritifs 
situe au sud-ouest, le gradient spatial etant !'image du temps de latence de 
developpement du phytoplancton. 
• un "enrichissement" passif en phytoplancton, Ia source etant marine. Un tel transit 
ocean - etang semble irrealiste vu I' oligotrophie mediterraneenne. Cependant, l'eau 
"mediterraneenne" entrants est celle de l'arriere port de Sate dont nous ignorons les 
caracteristiques chimiques et Ia teneur en phytoplancton. 

Cette repartition de Ia Chi a est calquee sur Ia bathymetrie. Mis a part les 
bordures de l'etang partout peu profondes, Ia profondeur s'accentue au fur et a mesure 
que l'on approche de Sate. Si l'on exprime Ia biomasse chlorophyllienne non plus par 
unite de volume mais en l'integrant sur toute Ia hauteur d'eau sous 1 m2 de surface, le 
gradient s'accentue considerablement. Cette observation qui n'avait rien d' evident a 
priori, entrains un certain nombre de consequences: 
• pour des filtreurs aptes a profiter de toute Ia colonne d'eau, Ia nourriture disponible 
est de 6 a 8 fois superieure dans les zones profondes. 
• malgre Ia frequence de vents forts, le brassage vertical et les echanges horizontaux 
qui en decoulent, Ia repartition spatiale de Ia chlorophylle est fortement Mterogene. 
• il semble y avoir une liaison entre l'intensite des apports d'energie auxiliaire (lies au 
vent) et Ia production primaire, meme si cette relation est difficile a interpreter. 

2 Causes de ceHe distribution spatlale 

Ceci confirms que les ecosystemes sont, avant tout, des systemes physiques. 
Apte a repondre rapidement a toute stimulation exterieure grace a son taux de 
renouvellement eleva, le phytoplancton depend de l'energie solaire directs 
(photosynthese) ou de l'energie auxiliaire (temperature, vents, turbulence) qui en derive. 
II est done logique, particulierement dans une laguna ou les apports en sels nutritifs par 
le bassin versant sont faibles, de rechercher les forces physiques qui regissent Ia 
production et Ia distribution du phytoplancton, communaute a faible controls interne. 

Dans l'etang de Thau, Ia circulation et les echanges avec les systemes exterieurs 
dependent du regime meteorologique: precipitations, vents et pression jouant sur Ia 
maree. Parmi ces caracteristiques agissant sur le systems lagunaire de Thau, les 
apports exterieurs lors des cno~es peuvent etre negliges car ils sont occasionnels, limites 
en raison de Ia petitesse du bassin versant (280 km2) et episodiques (climat 
mediterranean); ils n'ont pas eu d'effet en 1986-87 . 

Quant aux echanges avec Ia mer, ils agissent de deux fac;ons: 
• en modulant indirectement et avec un effet-retard plus ou moins accentue sa 
production 1) par action de Ia turbulence (done de l'histoire lumineuse des algues) sur 
Ia production, cet effet etant beaucoup moins prononce qu'en mer 2) en modifiant le 
degre de fertilisation en sels nutritifs a partir du milieu marin et du sediment 3) par un 
eventual "ensemencement • d'especes marines. 
• en jouant directement sur sa distribution spatiale: entree ou sortie de biomasse par 
les graus, homogeneisation ou stratification verticales, creation de zones d'accumulation 
ou de faible concentration. 

II reste a prendre en consideration le regime des vents et Ia circulation qu'il induit, 
dans les deux a trois jours qui precedent chacune des campagnes. Quand il n'y a pas 
de vent bien etabli (juin 1986 et de mai 1987), Ia circulation a peu d'effet sur Ia 
distribution du phytoplancton. La cartographie de Ia Chi a differs par contra lors des 
campagnes precedees par un vent de W·NW ayant permis l'etablissement d'une 
circulation a trois cellules; ainsi, en octobre, les isolignes de chlorophylle sont presque 
paralleles a l'axe longitudinal de l'etang sans que soit remis en cause le gradient 
croissant de Marseillan vers Sate qui tient a une dynamique de production differentielle 
et permanents. II faut voir dans cette structure un effet des courants avec, a cote de Ia 
cellule de circulation qui isole Ia region proche de Sate, deux cellules longitudinales 
tournant en sens inverse: un courant axial NE·SW et deux courants de retour le long des 
deux bordures de Thau. 

3 Structure des communautes a partir des rapports plgmentalres 

ScMmatiquement, Ia presence de chlorophylle b traduit celle des Chlorophycees 
(influence continentale?), Ia presence de chlorophylle c celle des Diatomees (influence 
marine?). Quelques tendances apparaissent ainsi a l'examen notamment du rapport Chi 
b/Chla: 
• !'elevation de ce rapport dans Ia partie Ia plus continentale au sw de l'etang: b 1 a 
generalement superieur a o.o5 (octobre 86), partois a 0.2 Ouin 86) voire o.3 (mais 87). 
• Ia dominance totals des Diatomees lors de Ia floraison observes en fevrier 87, le 
rapport restant, dans touts l'etendue de l'etang, en-dessous de 0.05. 
• !'importance des Chlorophycees dans touts Ia zone des pares a huitres, en fin de 
printemps (surtout net en 1987), meme si les biomasses atteignent seulement des 
valeurs moyennes. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

• 



• 

E-III9 

Ecological dynamics and main criteria for the rehabilitation 
of a littoral marsh (Aibufera of Majorca, Balearic Islands) 

A. MARTINEZ TABERNER, V. FORTEZA, G. MOYA and G. RAMON 

Departament de Biologia, Universitad de Illes Balears, 07071 Palma de Mallorca (Espal'\a) 

Introduction 
The Al bufera of Majorca has an approximate extension of 24 

km··. It lies to the northeast of the Island and has been recognized 
by the UICN, INRB and ICBP as an area of conservational interest. 

During the last century it was almost completely dried up and 
transformed from a zone of divergent waters that formed many small 
ponds into a group of channels where the waters are forced to reach 
the sea through the shortest and fastest way (fig. 1). This 
criterion, while useful for desiccation, is the less natural for the 
normal course of the waters. When the potential energy is low the 
waters tend to spread out and occupy the widest area before arriving 
to the sea. 

CB) 
• N/P 

Fig. 1.- <A> Before 1859 
<B> 1988 

Fig. 2. <A> Coastal lagoons 
<B> Channels 

The environment of the Albufer12 include artificial and natural 
lenitic zones as well as artificial lotic zones. Both types of 
environments have been studied separately by :means of factorial 
analysis to understand the general features of the system. 

Coastal lagoons 
Parameters related to the salt contents are strongly 

correlated and offer high charge coefficients over the first axis 
which can be related with marine influence. 

As factors of positive charge the second axis shows the 
nitrogen components and as negative the pH and the temperature. This 
axis can be interpreted as a production gradient. In fact, higher 
temperatures, an increasing in the pH and a decreasing of nutrients 
take place in moments of active photosynthesis <fig. 2>. 

It could be expected that the phytoplanktonic chlorophyll "a" 
would be much more related to the temperature and the pH. The reason 
comes from the fact that primary production is carried on mainly by 
aquatic macrophytes which compete advantageously with phytoplankton. 
Therefore the second axis must be linked to ·the performance of 
phytobenthic communi ties. 

Channels 
The charge factors of the first axis are similar to those 

described for coastal lagoons and the second axis presents phosphates 
as the principal positive charge factor, and the relation nitrogen
phosphorus as the main negative charge factor. Nutrients are 
originated in two different areas. From the upper part of Al bufera 
arrives the contribution of the crop fields and from the lower part 
arrives a direct input of urban origin. The gradient that appears in 
the second axis is established between thase two extremes (fig. 2>. 

Rehabilitation criteria 
Coastal lagoons depend on natural processes, salinity 

variations and macrophyte activity. Lotic environments also nepend on 
marine influence but also are affected by an artificial influence. 

Desiccation has caused an increase of halophytic vegetation, 
which ocuppies nowadays 96% of the humid zone. Filling of lagoons and 
geometrical arrangement of currents forces submerged vegetation to be 
lotic adapted while other species, more adapted to lenitic 
environments, are decreasing or have disappeared, as Trapa natans or 
Nymph12e12 alba <MARTINEZ TABERNER, 1986), 

Basic criteria for rehabilitation would be the following: 

1. Reassure the present dynamics of the lagoons and eliminate those 
disturbing factors of the lotic environments. 
2. Increase free water zones by ,progressively restoration destroyed 
lagoons in order to achieve a rise in food resources and in the 
number of habitats <AGAJoli & WAISEL, 1986; BJoRK, 1972; ENGEL, 1984>. 
3. Change water circulation pattern in order to fractalize its route. 
4 · Avoid environment regular! ty and try to smooth the gradient so 
that it can be occupied by a great number of species with different 
environment tolerances <LYNCH & GABRIEL, 1986>. 
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an hypertrophic stressed ecosystem 
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The Albufera of Valencia is the largest oligohaline coastal lagoon in Spain. It 
is a shallow water body (mean depth of 1 m) with a surface of more than 22 km • 
Historically it has suffered important human impacts which can be summarized as: 
(l) transformation of marsh-lands into rice fields mainly during XIX century; 
(2) industrial development and population increase since 1960. The Albufera 
receives the flow of about 50 channels coming from adjacent ricefields and a few 
streams, all of them heavily contaminated with domestic and industrial sewage 
waters. In the last 25 years this lagoon has shifted from a transparent and 
clear water body above macrophyte prairies to an opaque green water body over a 
anoxic black sediment. The intention of the present paper is to show and to 
evaluate the factors causing this change. Previous papers (Soria et al, 1987; 
Oltra and Miracle, 1984; Serra ~. 1984) have been dedicated to the state of 
the Albufera since 1981. The present paper is an integrated study comparing the 
limnology of the inflowing channels with that of the lagoon. 
RESULTS AND DISCUSION 
Samples have been taken during an annual cycle (year 1985) from the mouth of 
channels arriving from the Northern part heavily contaminated by sewage and from 
the Southern part comprising agricultural waters with some domestic effluents. 
Samples were taken also from several points inside the Albufera. Table 1 shows 
mean values for these three sets of samples. Domestic and industrial effluents 
are loaded with phosphorus and ammonia, while agricultural waters are rich in 
nitrates, On the other hand, the waters inside the Albufera have relatively low 
concentrations of nutrients. However, the stress, produced in the lagoon, by the 
nutrient load, is shown by the extremely high chlorophyll contents and primary 
production values. Other parameters associated with primary production such as 
pH and alkalinity, vary accordingly; they are respectively high and low inside 
the lagoon. Primary production is limited to the surface, because the high 
phytoplankton density (c.a. 2 million individuals/ml or their biomass 
equivalent, 300 mg/1) determines the light extinction coefficient (secchi disk 
values vary around 0.1-0.2 m). Maximum primary production in late spring reaches 
7 g C/m2 .day and the minimum in winter is arround 2 g C/rrl- .day. A principal 
components analysis (fig. 1) was made with the samples characterized by the 
physicochemical and biological variables indicated in fig. 1A. The first 
component can be associated with eutrophy: photosynthetic pigments, seston and 
oxygen have the highest loadings at the positive end while nutrients, alkalinity 
and light penetration have the highest loadings .at the negative end. This 
component separates the Albufera samples from the channel samples. The second 
factor is determined by orthophosphate, ammonia, alkalinity and salinity at the 
positive end versus nitrate, nitrite oxygen, redox and light penetration at the 
negative end. It separates the Northern from the Southern channels. 
Phytoplankton in the channels is dominated by chlorophyceae or diatoms, but the 
lagoon is densely populated throughout the whole year by continous blooms of 
cyanobacteria and heterotrophic bacteria. 
In conclusion, the Albufera functions both as a quimiostat and a sewage 
purificative treatment pool. Great amounts of nutrients and organic matter enter 
into the lagoon, whose outflow is almost free of limiting nutrients. On the 
other hand, in the lagoon, nutrients and organic matter are converted into 
biomass, which is removed from the system into the sediment, but some fraction 
of it is exported through the outflows to the sea. 

Table 1. Anull118!1lS for 1<:65 of nut:rients an:! other~ a990ciata:l with )ilytoplanktm 
~ inside the Albufera an:! in the lD:lBt representative :inf1cw ciEmels. The priDBry prodoc
tim inside the lagom is 1 g C/m'h in the surface an:! 0.05 g C/m'h at 0.311. Nitrate, lllllUiia 
an:!~ in,.,Vl, alkalinity in IDB!fl an:! chl<JrO!i!yll inJ18fl. 

N); m: 0-P Alk. Jil Chlor .a 
Jn!ustr:ial + da!estic sewages (North) 9 13XJ 113 4,3 7. 9 70 -
Agricultural>ete:rs (Sooth) 39) ~ 5 3.9 7.7 10 
Albufera 32 10 0.1 2.3 9.0 340 
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Fig. 1. Principal components analysis. 
(A) Factor loadings of the physicoche
mical parameters. (B) Plot of samples' 
in the space dimensioned by the first 
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11. Zonation benthlque 
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ABSTRACT - FIRST RESULTS OF A HYDROBIOLOGICAL STUDY ON THE RIVER MAGRA ES'IUARY 
(LIGURIA, ITALY). II: BENTHIC ZONATION. 

Four organismic assemblages were found in the estuary and in the facing marine 
tract. Their distribution is mainly related to sediment types and bottom water 
circUlation and is consistent with that known for Mediterranean coastal lagoons. 

L'ecologie des estuaires a ete mains etudiee en Italie par rapport a celle 
des lagunes, etant donnee la diffusion majeure de ces dernieres (SACCHI, 1979) et 
la rarete de veri tables estuaires "a maree". Dans un but de comparaison nous avons 
done entrepri s 1 'etude du benthos de 1• estuai re de la Magra, un petit fleuve qui 
se jette en Mer Ligure orientale. 

Le benthos a ete preleve en 10 stations, dont six le long de l'estuaire, et 
quatre dans la zone marine en face, deux a gauche et deux a droite de la bouche du 
fleuve. Les echantillonnages ant ete effectues par drague du type "anchor dredge"; 
le tamisage s•est fait sur une maille de 1 mm. Quatre peuplements, se succedant de 
lamer vers l'interieur, ant ete reconnus (Fig.1). 

Dans la zone marine devant 1' embouchure, sur des sediments de sable 
terrigene, on rencontre la typique biocoenose "des sables Fins Bien calibres" 
(SFBC); les especes caracteristiques les plus abondantes sont les mollusques 
Sp.WuA.a -dub-Vwn.c.ata, Acan..tfwc.am:li.a .tu.betr.c.o.lai:.a, Sphaetr.ortaA-da mu.:tab.L.U.A et NevvU:ta 
j.o4ephin.a, les polychetes Ouen.i.a f_uA.i_f.oJ/ITI.i.-j et Neph.tfu;.4 hombetr.[;il , les crustaces 
W..og.en.M pur;.U.ato/1. et L.i..oc.a/l.c.in.u4 vlVII7.a../,.iA • 

Dans l'embouchure, les sediments deviennent plus vaseux. La presence d'une 
endofaune dominee par T ape4 dec.JJ44a.tu.-d et V en.e/I.Up.iA == rappelle la biocoenose 
des "sables Vaseux de Mode calme" (SVMC). A celle-d, cependant, se superpose une 
mouliere a frJv_t.U.JJA g.aU.optt.ovmci.a-l..i.A, avec une riche faune sessile associee, 
constituee par des cirripedes (13a..l.anu-d amph.U;U.;te et B.petr.f_o/l.a.tu.-d), des serpuliens 
(Y'omatocetr.o-d :OUqp.etetr. , r> • .l.amaA.cku et Vetun.U..i.o{M-W 4i:/l..i..a:tJ_cefM) et des ascidies. 
La cauposi tion et 1' organisation de ce peuplement heterogene correspondent bien a 
la COIIIIIUilaute "rheophyle des graus et des chenaux" decrite par BIANCHI (1987) pour 
les lagunes italiennes. 

En amant, sur des fonds sable-vaseux, s'etablit une biocoenose "Lagunaire 
Euryhaline et Eurytherme" (LEE), caracterisee par les mollusques Cetr.Mtode/IITI.Q 
edu).e et Ab/l.a ovata et par le serpulien F.i..c.opoma;i:llA I =lt!Mci.Me.Ua) en.i.~CU-d; 
cette biocoenose s'etend sur la plupart de l'estuaire bien qu'en presence d'une 
salinite qui ne s'eloigne pas des valeurs marines. GUELORGET et PER'l'HUISOT (1983) 
avaient deja remarque que 1' installation des cOI!IIIIlllautes sa\.11118tres depend du 
"confinement", fonction du renouvellement hydrique par rapport a la mer, plutat 
que de la salini te. 

F-7.!:~;:) biocoenose LEE 

• 

biocoenose SVIIC 
+ 1110ulillre 

0 500m 
1....----1 

lf}.}}f.~~) biocoenose SFBC 

Fig. 1 - Schema de la zonation benthique observee 
dans l'estuaire du fleuve Magra. 

Encore plus en amant, les sediments deviennent silteux et tres riches en 
Jlllltiere organique et sont habites par des polychetes capitellides et par le 
mollusque Co/l.buA.a g.i.bba qui, d'apres SALEN-PICllliD (1985), est un indicateur des 
"fonds de decantation". Il s• agit la d'un peuplement plus "lllllrin" par rapport au 
precedent, ce qui entra.tnerait une inversion dans 1 •echelle de confinement. 

Il ressort de ces premieres donnees qu'il existe dans l'estuaire de la Magra 
une zonation benthique complexe et correspondant, dans ses traits essentials, a 
celle connue des milieux lagunaires, ce qui temoignerait en faveur de l'unite du 
monde "paralique" (GUELORGET et PERTHUISOT, 1983). 

Les recherches en cours sont destinees a contr8ler la validite de la zonation 
benthique observee, en etudiant en particulier sa persistance dans le temps et ses 
variations saisonnieres. 
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ABSTRACT - FIRST RESULTS OF A HYDROBIOLOGICAL STUDY 00 THE RIVER MAGRA ESTUARY 
(LIGURIA, ITALY). I: HYDROGRAPHY 

than'ttle ~s~~p!~r~!m th!i~i~y1:ra~;~=~~ t=~~< ~~-s=~i'~ 
oscillatory IIIOVements with a frequency higher than the tidal one. 

inflows more 
and exhibits 

Avec un bassin versant d'environ 1686 km2 et un d~bit moyen de 40.6 m3 -sec·' 
(mais pouvant atteindre 1440 m3 ·sec-1

), la Magra est l'un des plus grands fleuves 
ae jetant en Mer Ligure. Son estuaire debouche dans la partie orientale de cette 
mer, pres de 1a limite entre Ligurie et Toscane, et s' etend sur plus de 5 km pour 
une largeur de 0. 5 km dans sa partie terminale. 

Les premiers resultats d'une recherche sur les caracteristiques ecologiques 
de ce milieu sont reportes en ABBATE et alii (1988), tandis qu'une etude 
hydrogeologique de la zone a ete condui te par AN'IOOELLI ( 1977) . 

Notre travail a pour but la definition du systeme de circulation et de 
melange des eaux, de laquelle puisse ressortir une caracterisation hydrographique 
de cet estuai re. 

Des mesures de salini te ant ete effectuees par sonde CTD le long de profils 
verticaux de la surface au fond, en differentes stations espacees l'une de 1' autre 
d'environ 500 m. Dans quelques stations selectionnees ant ete en outre effectuees 
des mesures de vitesse et de direction du courant par des correntometres Aandera, 
laisses en place pendant 10 heures; en mbe temps on evaluait l'amplitude de la 
maree, par mareographe, pres de 1' embouchure. 

La distribution de la salinite a mis en evidence que l•estuaire de la Magra 
est du type "hautement stratifie" (BARNES, 1974): en regime de crue (Fig.1a), en 
particulier, on peut distinguer tres bien les deux couches d' eau, la superficielle 
presque douce qui coule vers la mer et la profonde marine qui forme un veritable 
"coin sale". Dans des conditions de moyen (Fig.1b) et faible (Fig.lc) debit cette 
stratification est mains marquee et l'estuaire s•approche du type "partiellement 
melange". 

En n• importe quelle condition du fleuve, il persiste au fond une couche d'eau 
a salinit~ proche a la marine d'en face (S a 31-36%o). D'apres les valeurs de 
courant, il resulte que cette couche d'eau marine se deplace coame une seule 
Jllllsse, avec des mouvements oscillatoires alternativement vers l'amont et vers la 
mer; Les inversions de ce mouvement se produisent avec une frequence plus haute 
que celle li~e a la Free. La vitesse moyenne journaliere est tres faible, etant 
inferieure a 5 em-sec- , avec direction vers l'amont. Ce type de circulation est 
dQ en partie a la morphologie du fond, comportant 1' existence de fosses profondes 
plus de 10m dans la partie haute de l'estuaire: ceci determine des analogies avec 
la circulation des fjords (McCLUSKY, 1981). 

Ces caracteristiques ant une grande importance du point de vue biologique, 
permettant la penetration d'une faune franchement marine, et liee aux "fonds de 
decantation", tres a l'interieur de l'estuaire. 

Fig.1 - Profils longitudinaux de la salinite, en trois differentes 
situations de debit: haut (a), moyen (b) et faible (c). 
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Evolution de Ia turbidite des eaux 

de Ia lagune de Ghar El Melh (Tunlsle) 
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43 avenue Charles Nicolle, 1002 Tunis (Tunisia) 

Abstract : Water tubidity varied between 0,6 and 74 NTU in the center of the 

lagoon; the result have shown a clear dependance bet••een rainfall,wind ,current 

and the turbidity of the lagoon, precipitation delivers sediment from riverine 

source and strong winds produce currents which, by their action maintain the 

particulate matter in the water column. 

Resume : La turbidite des eaux a varie entre 0,6 et 74 NTU dans le centre de 

la lagune, lea resultats ont montre une nette dependance de la turbidite avec 

les precipitations qui ventilent lea eaux chargees dans la lagune et avec les 

vents forts qui provoquent la remise en suspension des sediments et des parti

cules fines par la creation des courants. 

La lagune de Ghar El Melh (Tunisie septentrionale), littorale eury

haline d 1 environ 3000 ha. de superficie et d I m~tre de profondeur moyenne 

rec;oit lea deveraements de 5 oueda ll regime torrentiel drainant la basse valUe 

de la Medjerdah; cette lagune rec;oit aussi les eaux de ruissellement d 1 un bassin 

versant de 10500 ha.,ces eaux ont achemine en 1984 environ 1,7 million de ~tres 

cube d 1 eau vers la lagune dont la charge soli de varie entre 0, 9 et 5g/l. 
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La turbidite des eaux lagunairea eat principalement rEgie par cea 

apport•;en effet elle a fluctuil entre 0,6 et 74 NTU dana le centre de la lagune 

et entre 0,9 et 296 NTU plu1 ll l 10ue1t; ce per~tre a Evoluil au coura des 

sabona avec des maxima en hiver et d .. minima en 1!til (Fig.!). La repartition 

•patfcr.o:temporelle a 1110ntril des gradients dlcroiaa~ntl de la turbiditE d 1 une part 

de l'Oueat vera 1 'E•t ll partir dea dEbouchEs des oueda et 1uivant la direction 

priviUgile de• vents forts, aachant qu'un vent de 6m/a peut engendrer une 

turbiditE de 0,6 l 5 NTU (L.C.H.F.1978a) et d'autre part' du Nord vers le Sud 

en direction des graua, du c&tE de la mer 1ea vaguea arrivent ll mettre en 

suapenaion mime le sable fin (L.C.H.F.1978). 

La turbidite· eat fortement correlile avec lea precipitations (r•O, 75) 

et avec lea courantl (r•0,86), qui aaaurent reapectivement 1 1 apport des matilriaux 

fins, et le maintien en 1uapenaion de cea particulea par 1 'effet dynamique des 

courant•; sachant. que dana cette lasune lea courants sent esaentiellement rilgis 

par lea vents ( ROKDHANE 1985 ) • 
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Recherches blonomlques experlmentales 

dans l'etang de Is Benas (Prov. Orlstano, Sardalgne) 
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Le "Stagno de is Benas" (fig. l) est une petite lagune laminaire (suoerfide 
120 ha, profondeur mOyenne 1.5 m) qui se trouve sur la cOte occidentale sarde et 
n'est reli€e a la mer que par un long canal artificiel. Le grau en est 
frequemment ensabte; les apports d' eaux continentales sont pratiquement 
inexistants et les rapports avec une vaste etendue sa lee astatique, dite "Sal' e 
Porcus", sont limites et irreguliers. Temperature et salinite de la lagune (fig. 
2) dependent done surtout du regime ombrothermique de la region. Une masse d 'eau 
si exiguti est cOmplE:tement soumise a 1 'action de brassage exercee par le 
11maestrale", vent du IV quadrant regnant et dominant. L~ absence d 'une vegetation 
benthique importante permet d'ailleurs d'enregistrer de faibles rythmes 
nycthemeraux dans les facteurs mesologiques (fig. 3). Le fond de 1' etang est 
entierement constitue de sediments incoh€rents, oil dominent les sables riches en 
calc8.ire des dunes environnantes, vivantes ou fossiles. Seule une restreinte 
zone centrale a un fond vaseux. Avant 1983, lorsque d€buterent d' importants 
travaux de reamenagement du grau et du secteur nord de 1' etang, la cooperative 
locale de 11echeurs denon<;ait un produit annuel brut de 350 q de poisson, tres 
loin des valeurs enregistrees en d 1 aut res lagunes sardes il egalite de superficie 
et de profondeur, bien qu'inferieur il la realite pour des raisons fiscales. Il 
s'agit lil essentiellement de muges et de quelques autres especes il ecologie 
lagunaire, car la recolte de bivalves (Cardium gZauaum Lam. et Tapes sp.pl.) 
n' est pratiqu€e qu' au niveau artisanal dans une zone restreinte au sud-ouest, le 
long d 1un court phytolittoral il Phragmites auatroZia Trin. La faune benthique de 
l'etang etait deja tres pauvre avant les travsux de reamenagement: elle etait 
dominee, sur quelques csilloux epars, par Monodonta arti.C!UZata Lam., ensuite 
disparue; les moules ne colonisaien·t pas 1 'Eitang, malgre quelques efforts, 
infructueux, de mytiliculture. 

Apres 1 'achevement des travaux de dragage, rious 
avons fixe dans les 7 stations indiquees en Fig. 1 
des substrata artificiels en PVC, consti tues par 
des sections de tubes cylindriques dent ls 
superficie exterieure equivant aux standards 
communement adoptee pour les panneaux plats (600 
cmZ). Une serie complete. de cylindres etait 
prelevee et anslysee tous les deux mois, tandis 
que d 'aut res substrata etaient examines apres 6, 
12, 18 ou 24 mois. 

Cette recherche a permis de confirmer que le 
peuplement local ne suit pas la tendance il un 
equilibre domine par Myti.Zua galZopr(lf)inci.aUs 

Lam. et Balanus sp.pl., que l'on considere generslement coume typ~que des 
lagunes du type "tyrrhenien". A la fin de 1 'experience biennale le recouvrement 
total du substrat, tant il 1 1 ext11rieur qu'il l'interieur des cylindres, restait 
au-dessous de 70%, ne consistant qu'en une couche "bidimensionnelle" due presque 
exclusivement au Bryozosire encroutsnt Cryptosu"la pa~Zaeiana (Moll), toutefois 
rare sur les panneaux bimestriels, et au Spirorbide Janua pseudoCOI'l"U(lata 
(Bush), qui domine au contraire sur ceux-ci. 
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ParsllUement, le peuplement des fonds detritiques de 1' etang ne semblsit pas 
encore oriente vers une reconstitution des equilibres primitifs. Parmi les 
Gasteropodes, on n 1 y retrouve que de rsres Rissoides et quelques Ceri.thi.um. En 
ete, le benthos est domine, 1i cote de rares algues, par Ie Bryozoaire de grande 
taille Zoobotryon verti.ci.2Zat;um (Delle Chiaie), qui ne s'est pourtant jamsis 
fixe sur nos substrats experimentaux. Les causes de ls pauvrete et du faible 
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dynamisme des peuplements benthiques doivent etre recherchees dans le confine
ment topographique et ecologique d'is. Benas, traduit par une vivification marine 
irregulUre et aleatoire et par une tendance marquee il la sursslure estivale. 
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E-III15 
Les milieux hyperhallns Sardes. 

II - Presence et varlablllte de Plrenella conlca (de Blalnville) 
(Gastropoda Prosobranchia) 

Cesare F. SACCHI, Giaoomo SAGUO et Renate SCONREITI 

Oipartimento dl Genetics e Mlcroblologia, Sezione dl Ecologla, Piazza Botta 10, 27100 Pavia (ltalia) 
Centro lnterunlversitarlo dl Ecologla delle Acque Interne 

Sardaigne et Sicile sont les seules regions italiennes oil vit avec certitude 
Pirenella oonica. Cette espece, decrite sous le nom de Cerithiwn conicum (de 
BLAINVILLE, 1826, Faune Franr;aise, p.l58) a ete ensuite consideree comme un 
ensemble de plusieurs especes distinctes, que PRIOLO (1956, Atti Aoc. Gioenia 
Catania: 272-273) reconduit toutefois a l'espece de Blainville, polymorphe en 
tai lle, sculpture et ornement du test. Cependant quelques Auteurs (D'ANGELO et 
GARGIULLO, 1978, Guida conchiglie mediterranee, Fabbri Ed., Milano; NORDSIECK, 
1982, Europ.Meeres- Gehauseschnecken, Fischer, Stuttgart) soutiennent encore la 
presence de plusieurs Pirenelles en Mediter:ranee, oil elles representent la 
famille tropic<tle des Potamididae. Pour 1 'Italie, on reconnai:trait deux especes, 
P. conica et P, tricolor, dont la derniere avait ete dikrite, au niveau sous
specifique, par PALLARY (1904, Journ. de Conchyliologie, Paris, 52: 212-248), 
Auteur bien connu par sa tendence a multiplier les especes sur la base de 
caract€:res assez flous. Cette note, limitee aux caracteres de la coquille - les 
seuls utilises par de Blainville comme par Pallary - resume les resultats d 'une 
etude de plusieurs annees, realisee sur UTI abondant materiel de la Sardaigne 
meridionale (fig. 2)' qui peuvent etre condenses dans les points suivants: 

a) ecologie des PireneUes sa:rdes. Ces Prosobranches ne peuplent que des eaux 
qui, toute 1 'annee ou pendant plusieurs mois, ont une salinite superieure a 
celle de la mer, vivant sur des fonds sablo-vaseux ou finement detritiques. Il 
s' agit la, soi t d' etangs entierement hyperhalins (Porto Botte, Porto Pi no, 
salins de Carloforte) soit de secteurs confines de lagunes littorales ou de 
petites baies (Mistras, Marceddi, Malfatano). 

mm conica s.s. mm tricolor 
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I • I 

Pi no Marc Mist Malt Pi no Botte Marc Mist Malt 

b) variations de taiUe. Bien que considerables (fig. 1) ces variations sont 
essen tie llement dues au volume des tours, surtout des derniers, car leur nombre 
total reste constant, autour de 13 a 14. Les plus gros individus vivent a 
Malfatano, au fond d 'une baie entaillant profondement la cote et a proximite 
d' affluents a debit saisonnier (hiver). Dans cette station, les Pirenelles sent 
graduellement remplacees, en allant vers des eaux ouvertes, des salinites moins 
elevees et un fond plus sableux, par Cerithium vulga-twn Bruguiere. Les "geants" 
se doivent probablement a UTI trophisme local plus favorable. Les tailles adultes 
minimales s'enregistrent dans les etan.~:s sursales de Porto Pinn et Porto Botte. 

c) polychromatisme et sm<lp-tza>e de la aoquille. Ces caracteres ont servi a 
Pallary pour creer sa nouvelle entite. En realite, plusieurs stations 

<J conica s.s. 

~tricolor 

Fig.2 

presentent, constamment ou episodiquement, une morphe identifiable avec la ssp. 
triaoZor de Pallary (fig. 2). Cette morphe peut meme etre la seule presente 
(Porto Batte). Aucune substantielle difference de microdistribution ecologique 
n'a pu etre demontree entre la morphe tricolor et la morphe unicolore. Position 
et nombre des tubercules du dernier tour ne permettent pas non plus de confirmer 
la diagnose differentielle de 1 'Auteur nord-africain. 

d) une seuZ.e espece polymo:rphe vit done en Sardaigne, d'apres l'ecologie et 
les caracteres de la coquille; 

e) PireneUa tricolor doit ainsi rentrer,selon nos donnees, dans l'espece P. 
conica (de Blainville) comme simple morphe tricolor (Pallary). 
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E-III16 
Etude et surveillance des phenomenes de "malaTgue" 

par teledetectlon aerlenne. 
Bllan d'experlmentatlons reallsees sur l'etang de Thau 

(Herault, France) et perspectives 

Benoit SEGALA et Christian ARMANGAU 

C.E.R.G.A. Tel~etection et Universlle de Montpellier II (France) 

ABSTRACT : Fro• exp.ri•ents about ab11ervatian of dystrophic crish in a 
aedit•rrAnean lagoon , with a saall r•aot•-••naing airborn• syst•• , 
charachristica of this phenauna are noticed. Far special interest about 
pheno11ena·s shrt, a there&! infrared 11urvey is suggested to detect early its 
firat aigns and to test aethods int•nded for protecting lagoon activities. 

Dans hs ai I i eux lagunaires ••di terrantens , lea phtno••nes de ••hi gue , 
ou cri••• dy&trophiquu , p•uv•nt ttre considtrta co••• des procttssus nature!• 
d · autortgulati on d• I · tco11yst•••· I Is. r•prt11entent c•pendant une vtr i table 
nuiunce , un effort d'aquaculture intensive pouvant ttre antanti en quelques 
heure11. D• plus , si certAins hct•ur11 hydrologiques ou •tttorologiqu•• •n 
hvori••nt I• dtchnche•ent , d · autr•• , •oins natur•ls , peuvent ttre 
raisonnabh•ent IIOUp~onnts d'en acc•ntuer J& frtqu•ncll OU J'a•pJeur. C'nt 
pourquoi , si une que! con que sal uti on peut ttre •nvi aagte pour prtserver In 
tU evagots , dn aoyens dol vent ttre •i • •n oeuvre pour rtal i ••r une aurvei !lance 
du •ilieu , afin de chercher et tester des •tthad•• d• prtvention ou de 
protection , et ceci dana le cadre d'une rtelle gestion dn •ilieux lagunaires. 

Pour ttre ttn •nure de deter•! ner It!• probabi I i tts de cri n , ou 
siapleaotnt dHotcter Ills prttaiera indices , II est ntcotsuire de bien coaprendre 
taus In procenus de dtclenche•ent et d• propagation 1 et d• rtdiaer un• 
survoti !lance efficace d• I • ttang. L•• ate ani •••• physico-chi 11i qu•• et 
biologiqun •i• en jeu sont en ce una relativot•ent bittn connus , hndill que 
l'oba•rvation et h surveilhnce d'un• ll&ldgue par des dthodes claniquots de 
terrain paunt , en gtntrd 1 que! que• probU•••· En •ff•t , lea •••urea aont 
souvent insuffiuntes par leur ponctuditt dans un ailieu aussi vutot , 
prtsentant une grande variabilitt dans I '•space •t dans le haps. C• phtno•tn•, 
au dtclenche•ent saudain et loc&!id , l tvolution rapid• , est par Jut-•••• 
difficih l nisir , d'auhnt plus qu'il apparatt trt11 lit l Ia usn d'uu au 
sein d• !&quotlle Ills IIOdifications • 'optr•nt ' et dane a h qual itt et • Ia 
dynaaiqu• de cette •a••• d'uu bi•n individudht•. 

Ennignu•nh dn uotriunhtions <•l da 1982 et 1983 
Fac• l ce phtnoatne difficile l apprthender, Ia UadHection apparatt 

tout d 'abord co••• un 11oy•n efficace pour surveill•r I 'thng 1 globde•otnt , 
rapidea•nt •t de h~on aystttutique. 

C•• exptrinnhtions ant ttt l'occuion de poursuivr• I•• dtveloppeunts 
d'une atthodologie d'abservation drienn• , bute sur un •n•••bl• atroportt 
Ugotr , qui repon principale•ent sur u souphsn ( apti•isation d• Ia 
rtpttitivitt en fonction des tvolutions du •ili•u , des phtno•tn•• ou d• Ia 
•tttarologie l , et u co•plt•entaritt av.c Ills usur•s 'in situ• ( rtsolution 
et frtquence d 'observation co•patibllls , coordination per•ettant d · usoci•r •n 
h•p• rtel I 'obnrvation dri•nne et Ia •vtritt-terrain" l. 

La rtdintion dlt cette optration durant d•ux t~dsona estivalots a p•r•i• 
tgaleunt d• dtgager certains enseign•unts inttrotuants sur 1•• phtno•tn•• d• 
11alaigue 1 

- leurs condition• propices , avec dn aituationa dttorologiquots au 
hydrologi que• hvori sant un certain confi n•••nt. Des i ndi c•• prtcurseurs 
ant pu ttre dthcth : praliftrations dgaltts, bloa• phytoplanctoniquot , 
turbid! tta anora&les. 
- l•urs condition• de dtcl•nche•ent •t In lieux d'apparition, ovec Ia 
•in en tvid•nce de I • association du phtno•tne l une uaaot d ·uu bi•n 
individudiate 1 d 'oil h notion de 'foyers' qui natssent soit dans Ills 
1taux profandes, dans lea eaux supotrficiell•• ( zones p•u profondes ou 
i11oU•• l , ou dans des endroits caracUrhts par une faibl• agitation au 
par un• surcharge org&nique chronique ( zones d'accu•ulation ou de 
biodtposition : en particuli•r !Its zon•• conchylicalell ). 
- leurs conditions de propagation et d• diaaipation , avec l nouveau le 
rille pri•ordial d• 1& dynuique des diver••• ·•assn d'otaux en prtunc• 1 

qui hvorise ou non Ia contaaination d'autres •••••• d'ellux , Ia 
gtntraliution du phtno .. ne , ou au contrair• le r•nouvelh••nt des •aux 
par In tchangn ••r-ttang , ln rillqun ttant •adulh en fonction d• la 
situation dttorol ogi que. 

P•r•p•cti v•• 
Ceth optration a per•i• d• •antrer l'inUrtt d'un hl sysu .. de 

surv•i llance , qui do it donn•r Ia poni bil itt d• t•ster des •adea d • act! on vi 11 

l via du phtno•tn• et de ••• constqunces , l!&ill ausai d'tvilluer lea riaqu•• 
tventu•lll et infor•er rapide•ent !Its profesaionn•lll. Pour cela , il •••bl• 
i •portant de 11 'inttr•s•er particul Ur•••nt aux conditions de son dtclench•••nt. 

Ainsi , la ther•ographh ( inforutions sur Ia qudiU •t Ia t .. ptrature 
superficillll• de I 'eau , de jour co••• de nuit l n•bllt sptcid•••nt adaptte l 
l'ttude des ••cant•••• : lea cri••• •• dtcl•nchant dans d•• •n••• d'eaux 
individualist•• et rtchaufft•• , par t••P• calli• , •t en liaiaon av•c une 
surconao••ation d'oxygtne ( c•• deux dernUres conditions ttant souvent rtunies 
en fin de nuit en ptriode estivale l. Une observation atrienne en ther•ographie 
p•r•ettrait une surv•illence auui bien diurn• que nocturne , une cartographh 
prtcille d•s difftrentn •a•••• d'uux individualist•• dans l'ttang 1 un• 
dttection des chang•••nts de qualitt d ·•aux au d•• tltvations anor•&!•• d• 
tuptrature ( avant •••• tout• •odificlltion de I' aspect visible de ce• eaux l , 
et done un• localisation d•• •ndroits propices au dtcl•nch•••nt. Alors 
pourraient ttre ••ti•*• lea risque• possibles < en liAison &vee lea prtvillions 
•tUorologiqun , l'obnrvation de l'hydrodyna•ique d• l'ttang , et toutn In 
autr•• infor•ations •t ••sure• qui p•uv•nt ttre r•cueilli•• sur l'ttang ) , 
et des intervention• r.apides , en des •ndroits bien prtcis , d•stintes l 
li•i ter Ia propagation au ln dtgtts , d•vr.ahnt ttre t .. u ... 

Enfin , un tel systt•• d• dtt•ction prtcoce des phtno••n•" de •d.aigue , 
s'il doit dtboucher aur Ia rech•rche de solutions concrttn vis 4 vis du 
phtno•tne , devr.ait tgd• .. nt pouvoir nrvir de f.a~on syt~U .. ttqu• .au suivi de 
c•t ttang d• Thau et concourir ainsi l une ••illeure gestian d• celui-ci. 
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E-IV1 

Chemistry of Lake Burullus 
1 - Changes In Nutrients Chemistry between 1970 and 1987 

A. ABDEL-MOATI .. , A.l. BELTAGY* and M.H. EL-MAMONEY* 

• Institute of Oceanography and Fisheries, Kayet Bey, Alexandria (Egypt) 
•• Department of Oceanography, Faculty of Science, Alexandria University, Alexandria (Egypt) 

Nutrient components were measured In Lake Burullus (Fig.1) during 
the period Jan. - Dec. 1987. The results are compared with other 
observations reported in the literature. 

MEDITERRANEAN SEA 

31° E 

Fig. 1. Location of sampling stations and the 4 subdivisions 
(basins) of Lake Burullus. 

Table 1, summarizes the annual average values of different nutrient 
components observed for the different regions of the Lake during 1987. 

Table 1. Mean values of nutrient salts in Lake Burullus during 1987. 

N0
3 N0

2 
NH

3 
RP0

4 
RSi0

2 Ch/a 

ug at/1 mg/m 
3 

Zone I 1.58 0.46 7.10 1.26 58.6 6.61 

Zone II 1.29 0.21 4.18 0.73 54.11 4.31 
Zone III 5.20 1.00 6.48 2.32 71.00 10.82 
Zone IV 8.15 1.68 5.97 2.13 83.60 4.85 

lligher averages observed in zones III and IV reflect the effect of large 
amounts of drainage. water discharging into both zones (> 75 96 of the 
total amount of drain water reaching the Lake). It is worth to mention 
that this effect was mostly localized to the southern boundaries of the 
Lake i.e. few kilometers off the outlets. However, the levels of nutrients 
In ~he other zones are p_robably controlled _by dynamical conditions between 
dram water supply and marine water invasion through the Lake openning. 
Lower concentrations may be also related to consumption of nutrients 
by aquatic plants which are densily populating these areas. 

The a~erage concentration of DIN in the Lal<e ,was 10.8 J..tg at/1 
constltutmg about 2896 of TN. Ammonia constituted the larger part of 
D_IN (about 5596) ~ollowed by N03 (36 96) and No2 (9 96). However, the 
dissolved orgainc mtrogen fraction constitutes half of the dissolved nitrogen 
In the Lake water which In turn represent about 5596 of the total nitrogen 
content. 

On the other hand, dissolved phosphorus contributes more than 6596 
of the total phosphorus content of Lake Burullus. The organic fraction 
of the dissolved phosphorus (average _1.35 J..tg at/l) represents between 
43 - 57 96 of the total dissolved phosphorus (TDP), while particulate 
phosphorus (average 1.56 J..tg at/1) constitutes no more than 4096 of the 
total phosphorus content of the Lake water. 

The low inorganic N/P ratio I.e. 6.7 1 1 calculated for the Lake water 
may indicate that nitrogen could be more critical than phosphorus for 
phytoplankton growth and production In the Lake. Compared with studies 
on other northern Delta Lakes, Table 2 shows that Lake Burullus followed 
the highly productive Lake Manzallah In the abundance of nutrients. 

Table 2. Mean N/P & Si/P ratios in different Nile Delta lakes. 

Locality L. Idku L. Manzalah L. Mariut L. Burullus L. Burullus L.Burullus 

N/P 

Si/P 

2:1 

132:1 

11:1 

73:1 

2.4:1 

5.4:1 

1!rl0-71 

16:1 

562:1 

197g-'19 

17.12:1 

114:1 

19g7 

7:1 

41:1 

Signf!cant changes had taken place in the nutrient chemistry of the 
Lake smce 1970. The levels of nitrogen (mainly nitrate) and silicon have 
decreased .by one and three times since 1970, while on the contrary, the 
concentration of reactive phosphorus has Increased about four times. 
Not only t.he levels of these elements have changed, but also their ratios 
~ave d~astlcally declined (Table 2). The probable cause of such variations 
IS th~ mcreased rate of drainage water entering the Lake draining nearby 
reclaimed lands. The reduction and complete cessation of rich-silicon 
Nile water reaching the Lake opposed by the continual Invasion of marine 
water through the Lake - Sea connection. However, these changes were 
reflected on the present status of phytoplankton population and consequently 
on the fish yield of the Lake. Recorded data on the average phytoplankton 
biomass (EI-Sherlf, personal communication) show a remarkable decline 
in the total number of species during the last 10 years. 
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E-IV2 
Trace elements status In surficial sediments 

of Lake Manzalah (Egypt) 

A.R. ABDEL-MOATI and N.M. DOWIDAR 

Oceanography Department, Faculty of Science. Alexandria (Egypt) 

Introduction 

Lake Manzalah is the largest of the four Nile Delta lakes in Egypt 
(surface area about 900 km2). It provides more than 70% of the total 
inland fisheries of the country. In view of the increased role of 
drain water reaching the lake, in the last 20 years, important changes 
have taken place in the water and bottom sediments quality which needed 
to be evaluated and documented. The total -anuual fresh and drain water 
inflowing into the lake is 6680xl06 m3. 75% of this water is 
discharged by Had us {agricultural drain, 50%) and Bahr-El-Baqar 
(domestic and industrial sewage, anoxic, 25%) which opens into the 
southern basin of the lake. 

Material and Methods 

Using a modified Ekman grab, surfici'al bottom sediments were 
collected during April 1982 from 25 stations. Additional samples were 
collected from the mouths of different drains. Exchangeable metals 
fraction were determined using 1 M NaOAC at pH 8.2 (Gibbs, 1973; 1977) 
while the residual form was determined according to Tessler et al. 
(1979). The concentrations of Al, Fe, Mn, Zn, Cu, Cd, Pb, Co and Ni 
were determined using Model 34000 ICP-emmission spectrometer. The 
precision and accuracy of the methods were checked against Standard 
Reference Material 1645 River Sediment from NBS and found satisfactory. 

Results 

The areal distribution of exchangeable and residulil forms of the 
elements showed a common feature of increasing levels towards the 
southeastern basin of the lake, the area highly affected by drainage 
water. Values tend to decrease gradually towards the lake center. 
This trend matchs with the bas inward increase in grain size. The 
frequency distribution of residual forms showed that >50% of Al, Zn, 
Cu, Pb & Co felt in the concentrations range 40-50 mg/g, 60-80 IJg/g, 
20-40 !Jg/g, 40-60 !Jg/g and 20-30 !Jg/g, respectively. On the contrary, 
the concentrations range of Fe, Mn, Ni & Cd occupied wider scale 
reflecting high irregular! ty and patchiness. 

The increase in the levels of residual metals at the lake-sea 
connection is mostly due to coagulation of colloidal species to produce 
particulate form in the mixed zone, some of which may be lost to the 
sediments. 

The relative abundance of elements as observed from their average 
concentrations (Table 1) was: Al>Fe»Mn>Zn>Pb•Ni>Cu>Co»Cd. The 
average exchangeable I residual elements percents were insignificant 
for Al (0.029%) and Fe (0.03%), low for Ni (11.7%), Cu (9.0%) & Co 
(4.1%) but valuable for Mn {37.3%). 

Table 1. Mean residual metals concentrations {!Jg/g) in Lake Manzalah 
surficial sediments. 

A1 Fe Mn Zn Pb Ni Cu Co Cd 
NW 38,533 32,267 717 59 54 47 48 22 6.3 
L.P. 43,497 36,487 716 67 51 53 42 26 7.5 

Discussion 

The geochemistry of Lake Manzalah sediments reflect to a great 
extent several conditions resu-lting from water inputs and different 
characteristics of bottom sediments. Generally, all metals are 
enriched in the area affected by main drain-s. At the mouth of 
Bahr-El-Baqar drain the prevailing anaerobic conditions reduces the 
solubility of reactive metals which are subsequently expected to 
precipitate as sulphides. This is reflected on the relatively low Cu 
content of the overlying water and enrichment in sediments. The 
enrichment of some metals like Co in the sediments of anoxic stations 
is probably due to their co-precipitation with metals on sulphide 
sediments. 

On the contrary, at the mouth of Hadus _agricultural drain, with 
overlying oxic conditions, high values of residual Fe and Mn were 
observed. In such waters the solubilities of both metals decreased due 
to formation of higher oxidation states or lower solubilities of oxides 
and hydroxides. Many soluble species in water could be scavanged due 
to oxide formation. This explains the elevated levels of Ni, Cd and Pb 
in these stations. · 

Both Fe and Mn are known to be closely associated in their 
geochemical cycle. This is clear from the positive correlation 
relating both elements in Lake Manzalah (r•0.6747, p<O.OOl). 
Significantly positive correlations between studied elements in 
suspended matter and sediments indicate the interaction between both 
phases. However, the concentrations in suspenssion (IJg/g) for all 
elements were higher than those of sediments indicating the role of 
suspended matter in carrying these elements to the bottom. 

In comparison with 1968 sediments (McComas, 1983), results showed 
a remarkable increase in the levels of Al, Pb and Cd. Increased water 
discharge of highly industrialized areas surrounding the lake may 
explain such elevated levels. Compared with other Nile Delta lakes, 
Lake Manzalsh is generally enriched in nearly all studied elements. 
However, when matching the average values of differnt elements with 
those of standard shale, we observed that Cu, Pb, Cd, and Co are highly 
accumulated in lake sediments and thus could be a source of 
environmental problems. 
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E-IV3 
Dans le lac de Bafa, une piche Interessante 

grAce a une methode orlglnale 

S. BAUK et M.A. USTAOGW 

Ege University, Science Faculty, Department of Biology, 
Section of Hydroblology, Bornova-lzmir (Turkey) 

Le lac de Bafa est l'un des lacs les plus import an., de Ia region d' Anatolie Ouest 

(Fig.l). La superficie de ce lac est de 65 km' (1), Ia profondeur maximale est d'environ 

19 m, et Ia saliniu\ varie entre 2..98 %o et 5.62 %o. 

Dans ce lac d'origine alluviale a faible salinite certaines esp~ces catadromes ont pu 

s'introduife (Muge, Bar, Anguille) (2). Toutefois. sa basse salinite rend possible le 

developpement d'esp~ces d'eau douce: carpe, silure, poisson d'Ulubat (esp~ce endemique 

de Turquie, l!canthobrama mirabilis ). On trouve egalement, en tr~s faible quantite, 

d'autres esp~ces assez rares de milieux salins et aussi d'eau douce comme Chondrostoma 

nasus, Barbus capito, Pomatoschistus marmoratus, Atherina boyeri, Gambusia affinis, 

Lipophrys pavo. 

ca Bordi!!Uf de 
Salazburnu 

411rn. 

Fig. 1 : Carte de localite du lac de Bafa et configuration de Ia zone de peche. 

Actuellement, les six especes de poisson d'interet economique de ce lac sont les 

suivantes:cyprinus carpio, Mugil cephalus, Liza ramada, Anguilla anguilla, 

Dicentrarchus labrax, llcanthobrama mirabilis. Mais les ep~ces les plus pechtles sont 

les muges et le poisson d'Ulubat. 

La peche est faite par des professionels qui se sont regroup6 en une cooperative 

de 800 membres. L'essentiel des captures est obtenu dans Ia bordigue, cependant les 

pecheurs utilisent egalement dans le lac des nappes a petites mailles, des filets fixes et 

des trappes a poisson. Cependant, leurs utilisations sont interdites entre le mois de 

mais et de juillet sauf pour Ia capture de I' anguille. Cette bordigue qu'on appelle 

Sak1zburnu se trouve dans un canal artificiel de 3 a 6 m de largeur et de 3 km de 

lon!,'Eur qui rejoint Ia rivi~re de Biifiik Menderes (Grand Meandre). 

La bordigue est efficace surtout en juin, juillet et en septembre, octobre ou l'on 

capture respectivement Mugil cephalus et Liza ramada. Le muge capiton (Liza ramada) 

procure Ia majeure partie de Ia peche annuelle d'environ 75 a 100 t (3). L'importance 

de Ia quantite pechtle par cette methode de Ia Bordigue de Sak1zburnu dans le lac de 

Bafa preuve !'interet que l'on doit y porter. 

Pour migrer, les muges capiton pen~trent du mois de septembre a octobre dans le 

canal de communication entre le lac et Ia Biiyiik Menderes, puis Ia mer Egtle. Cependant, 

cette migration se fait en faible quantite de fac;on naturelle aussi, pour Ia provoquer,on 

crtle un courant d'eau douce pompee du Biiyiik Menderes et stocktle entre deux digues 

A et B (Fig.1) dans un premier temps, ens.uite, ulterieurement, libertle par l'ouverture 

de Ia porte metallique de Ia digue en communication avec Ie lac, generant ainsi un fort 

courant d'eau qui attire alors en grande quantite les bandes de muges qui remontent 

jusqu'a Ia bordigue. Alors que Ia premi~re partie de cette operation est realisee 

pendant Ia journee, Ia seconde se fait Ia nuit. 

Cette methode effectuee pendant seulement 4 a 6 semaines, permettant cependant 

une capture de 75 a 100 t, montre son efficacite surtout pour Ia peche du muge 

capiton et permet ainsi une peche interessante dans le lac de Bafa. 
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An expatriate population of Acart!a granl G.O. Sars 
(Copepoda, Calanolda) In an experimental tank 

on the shores of the Dead Sea 

Ch. DIMENTMAN and M.S. ALMEIDA PRADO-POR 

Department of Zoology, Hebrew University, 91904 Jerusalem (Israel) 

In the summer of 1984, a series of exper.i.ment;al tAnks were 
built on the shores of the Dead Sea with t.he purpose of 
chepking the eventual effects of a sea-water canal connecting 
this Jake with the Mediterranean. Unfiltered seawater 
collected from nearshore was pumped into cisterns and used to 
replenish a central control pond. From this pond, which 
suffered only the climatic influences of the Dead Sea valley 
(-397 m below M.S.L. ), water was mixed with different rates 
of Dead Sea water( 324 gram/1). 

Even at the rate of 10% Dead Sea water, only hypersaline 
organisms, like Ephydridae larvae appeared. 
However in the sea-water pond, a peculiar assemblage of 
marine animals developed. In this pond in which seawater has 
been filled only once , salinity was maintained through 
periodic addition of freshwater at an average Mediterranean 
level, but with fluctuations from 30.4 to 40.00 ppm. 
In the sea water pond ,the calanoid copepod Acartia grani 
G.O.Sars 1908. stood out, as the only abundant zooplanktonic 
organism. To our knowledge, this species has not been 
reported yet from the Eastern Mediterranean. 

The nearest locality from where information about this 
species is available, are the Southern estuaries of Portugal 
(Vilella, 1965,1'972 ). According to this author who for the 
first time described the development of A.~rani, this 
species is extremely resistant in pond-culture and develops 
between the temperature span of 17-21 C and at salinities of 
34-35 ppm. 

We can explain the odd appearance of Acartia grani at a 
distance of more than 100 km from the sea,first of all by the 
existence of resistant eggs, such as reported by several 
authors in other species of Acartia. Second, water 
temperatures in the experimental pond decreased during the 
winter to 10 C, a temperature uncommon in the open water 
of the Eastern Mediterranean. Indeed, during the summer, when 
the pond reached 30 C, A.grani was absent. Third, we assume 
that discrete populations of this extremely neritic species 
might have escaped biological collecting in the Mediterranean 
but were sampled by the pump of the cistern. 

The peculiar low water temperatures combined with the 
capacity of laying resting eggs, enabled Acartia grani to 
bloom in such an unexpected environmental setting. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

a 



II 

E-IVs 
Preliminary study on phytoplankton-zooplankton relationship 

In Burollus Lagoon (Egypt) 

Zeinab M. EL SHERIF and Sawsan M. ABoUL EZZ 

National Institute of Oceanography and Fisheries (Egypt) 

Lake !3urollus is a shallow brackish water lagoon with an area of about 50,000 

hectar, lying at the north of the Nile Delta, along the Mediterranean coast of 

Egypt. The present work deals with quantitative estimation of phytoplankton and 

zooplankton and their relationship as they represent the first and second trophic 

level in the food cycle respectively in the lagoon. 

Estimation of the standing crop of phytoplankton was carried out 

mcnthly during year, 1987 from twelve st_a~ions representing the different habitats 

of· the lagoon by using the sedimentation technique where the phytoplankton was 

calculated as their total number per litre. From the same stations the zooplankton 

samples were collected by filteration 250 L of water with standerd plankton· net and 

calculated as their total number per cubic meter. 

The phytoplankton community is mainly represented in Lake Burollus by m(lmbers 

of Bacillariophyceae and Chlorophyceae which constituted about 49.11 \and 31.66 \ 

by number of the. total phytoplankton respectively. While Cyanophyceae appeared in 

small numbers ( 1. 73 \). Other forms ;:>f Euglenophyceae and Desmokontae persisted 

also as rare forms but the appearance of one species of Flagellates with highest 

density at the eastern lake during May, raised the other forms to 17.5 \ of .the 

total phytoplankton. The average annual value of the total phytoplankton in the 

lake amounted to 1 , 039,641 U/L. 

The zooplankton population in the lake was represented mainly by Cladocera, 

Rotifera and Copepoda, they constitued about 33.8 \, 26.5 \ and 25.8 \ by number 

of the total zooplankton respectively. Other groups of less frequency comprised 

Protozoa, Ostracoda, Malacostraca,'·free living nematodes and insects larvae were 

also recorded (13.9 '\,). The average annual of zooplankton in the lake reached 

100,972 organisms/m3. 

The highest standing crop of both phytoplankton and zooplankton appeared in 

the western sector of the lagoon which reflects its eutrophic characters. 
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(Fig. 1) ~easonal variatio~s of the standing crop of phytoplankton 
t~r t~gg{gn~ef:f. L1 tre and zooplankton population in thousand 

Tte variations of the phytoplankton - zooplankton standing crop are given 

in (Fig. 1). The highest numbers of phytoplankton were always accompanied with 

a low count in zooplankton; with exception of month of September. The species 

composition of the community plays an important role in the grazing process. As 

example the high count o~ Rotifera and Cladocera which are herbivorous was 

accompanied with low count of phytoplankton during July, On the contrary, during 

September the simultaneous increase of both phytoplankton and zooplankton can be 

attributed to the increased number of Cyclopoida which are mostly considered as 

carnivorous organisms. (Hartig, ~ .!!_. 1982). 

This work has been financed by the U S A I D, through contact between MJMSC 

and NIOF, in the framework of an agreement with the Academy of Scientific Research 

and Technology. The authors wish to express their gratitude to Dr. Ali I. Beltagy, 

Principal Investigator of the Lake Management Project (Lake Burollus) for his 
encouragement. 

Hartig, J.H., D.J. Jude and M.S. Evans, 1982 

Cyclopoid predation on Lake Michigan Fish larvae. 

Can. J. Fish. Aquat. Sci. 39: 1563-1568. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

E-IV6 

70 

Plankton of Lake Maryut Outlet (West from Alexandria) 

Shoukry K. GUERGUESS 

National Institute of Oceanography and Fisheries, Kayet Bay, Alexandria (Egypt) 

The eutrophic brackish water lagoon (Lake Maryut) is contin

uously pumped out to the sea ~hrough the outlet of Umum drain 

(Max pumping station, St. 3). The waters of the 2 canals crossing 

this lagoon (Umum drain and Nubariah canal) mix with the lagoon 

waters before reaching the sea. 

In order to investigate the effect of mixing of lagoon 

waters with the drain and canal waters, samples have been regularly 

collected from two localities, immediately south of the lagoon 

(Unmixed drain st. 2 and canal st. 1) and from the outlet of 

the drain (st. 3) and adjacent inshore sea water (st. 4) (see map). 

Comparison of the conditions in sts. 1-2 & 3 shows·drastic 

changes caused by the mixing of agricultural drainage waters 

with the lagoon waters. The changes concern both the characteri

stics of the waters and the phyto and zooplankton associations. 

Mixing increases the S%o only slightly (3.5-3.3 to 4.9 %o). The 

pH shows little variation (7.8 to 7.7). The relative saturation 

in 0
2 

on the whole is low in the agricultural drainage waters 

(54.5- 59.2 %). But mixing with the lagoon waters with their 

high load of organic matter further decreases the 0 2 content to 

comparatively very low values (av. 36 %). The adjacent inshore 

sea waters show a recovery in the 0 2 content (av. 68.1 %). The 

phosphate content rises to a very high value. In the agricultural 

drainage before mixing, it ranges from 0.25 to 3.2 ~Ml- 1 • While 

at st. 3, the range was 2.2 to 6.8 ~Ml- 1 • It is likely that, 

other nutrients become also enriched (see table). 

The effects of eutrophication are reflected on the plankton 

biomass and composition. The composition is typically brackish, 

the number of species increases (from 26, st. 1, to 35 st. 3, for 

phytoplankton and from 35, r--------------------------------. 
MEDITERRANEAN SEA 

st. 1, to 45, st. 3, for 

zooplankton). The phyto

plankton increases from 

19000 cell 1-1 to 210000 

and the zooplankton from 

7000 to 90000 org.m-3, 

Nitzschia spp., Biddulphia 

sp. and Bacillaria paradoxa !:----------:-.....:S~-=---=-~.._--=--:--~~u 
are dominant at sts. 1&2. They are glomerata, 

Euglena spp. and Spirulina sp. Rotifers dominate the zooplankton at 

st. 3 (Brachionus calyciflorus, followed by~· angularis, ~· ~

ria,~· plicatilis and~ longiseta). In the agricultural 

drainage waters, the dominance is shared between the same rotifer 

species and cladocera (~ longirostris and Moina ~) and 

copepoda (Mesocylops leuckarti). 

The brackish plankton associations extend sea-ward to the middle 

of Max Bay. Beyond this area, a change is observed and Tintinnids 

are dominant. 

Monthly averageS%., pn, o2 %, P04 /P (~ Ml-l) Phytoplankton 

(cells 1-1), Zooplankton (organisms m-3 .) and No. of phyto~lankton 
and zooplankton species in the different localities (Average of 16 

months). 

st. 1 st. 2 at. 3 st. 4 

Av. S %o 3.5 3.34 4.92 10.47 

Av. pH 7.8 7.7 7.7 7.8 
I 

Av. Dissolved 02 % 54.5 59.18 36 68.13 
Av, P04 /P ~ Ml-1 1.4 1.77 4.65 3,98 

Av. phytoplankton cells C 1
19000 1500 210000 222000 

Av. zooplankton org. m-3 7000 2400 90000 55000 

No. of phytoplankton species 26 30 35 41 

No. of zooplankton species 35 28 45 36 
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Fish populations In Lake Burullus, Egypt. 

I. Species composition In four fishing gears 

M.T. HASHEM* and C.F.H. HOSNY** 

• Institute of Oceanography and Fisheries. Kayet Bey, Alexandria (Egypt) 
•• Oceanography Department, Faculty of Science, Alexandria University, Alexandria (Egypt) 

Introduction 
Previously the species composition of Lake Burullus was studied by 

Libosvarsky et al. ( 1 972), Libosvarsky and Darrag ( 1 97 5). Hashem 
et al. ( 1973) studied the composition and abundance of mullets in the 
lake based on commercial and experimental catch data. The present 
study concerns a survey of fish species caught by four of the most 
common fishing gears used in Lake Burullus, namely Dora (fyke nets), 
Takem (Mullet trammelnets), Nasha (Tilapia trammelnets) and Gawabi 
(wire traps) • The abundance of the commercial species in the catch per 
unit effort of each gear was calculated. 

Material and Methods 
Monthly samples were collected during the period from January to 

December 1987 using four types of fishing gears; Nasha, Balla, Dora and 
Gawabi. Catch per unit effort for Gawabi is the catch in weight of 
five units of traps with 18 mm mesh size set for 24 hours. CPUE of 
Nasha is 10 units joined together and set for 24 hours, each unit is 15 
m long with mesh size of the inner layer ranging between 17 and 24 mesh 
bars per 50 em. CPUE of Balla is 10 units, 15m long with mesh size of 
the inner layer ranging between 26 and 32 mesh bar per 50 em. CPUE of 
Dora is a 200 m long leader net, 35 mesh bar per 50 em, set for 24 
hours, combined with 6 fyke nets with mesh sizes ranging between 30 and 
45 mesh bar per 50 em. 

Results and discussion 
The ichthyofauna of Lake Burullus can be grouped into four major 

categories: tilapias, mullets, freshwater fishes and fishes of marine 
origin. 

Altogether 29 fish species were identified in the catch of the 
four most commonly used gears of the lake. Mullets are represented by 
five species: Mugil cephalus, Liza ramada, :h· saliens, !;_. aurata and 
Chelon labrosus. All seem to be indemic to the lake fauna, with the 
exceptio~ aurata that was not included among mullets listed by 
Libosvarsky and Darrag ( 1 975). 

Freshwater fishes, other than tilapias, included 7 species, only 
three of which, i.e. Haplochromis desfontainesii, Bagrus bayad and 
Anguilla anguilla, have previous record in the lake. The other 4 
species, i.e. Hemichromis bimaculatus, Clarias Lazera, Labeo niloticus 
and Dalophis imberbis, were only observed in the lake during the 
present study. It has to be mentioned that other species were recorded 
by Libosvarsky and Darrag ( 1 975) and were not recorded during the 
present study. Their presence is uncertain, though not impossible, 
since they could have been missed by the 4 gears used during the 
present study. 

Fishes of marine origin are temporarily present in the lake, 
especially in the area of the Lake-Sea connection. They do not 
contribute a considerable part in the fish population of the lake. 
Yet, it seems that at least four of them, i.e Dicentrarchus labrax, 
Solea vulgaris, Enqraulis encrasicholus and Gobius sp., are consistant 
members of the ichthyofauna of the lake. However, there are other 
marine species that contribute much in the fish fauna of the lake, 
namely: .Q. punctata, Sciaena aquilla, Umbrina cirrosa and Crysophyris 
auratus, although not permanently represented in the catch. 

Evidently, the list of fishes heretofore recorded mostly in the 
northern half of Lake Burullus is not· exhaustive. Beyond doubt, more 
fish species, both marine and freshwater, could enter this part of the 
lake. However, the occurrence of other species recorded during the 
present study or in previous studies seem to be rare and sporadic. 
In order to overcome the difficulties that may arise from this bias we 
will present the overall catch of the four gears as percentage average 
catch per unit effort . as follows: 

Balla Nasha Dora Gawabi Averag:e 
Tilapia 17.31 88.31 8. 99 73.64 47.07 
Mullets 66.74 4. 55 59.86 11 .86 35.76 
Marine 10.03 2.26 27.47 0.69 10.14 
Freshwater 5.88 4.89 3.12 13.82 6.93 

This shows that, tilapias constituted on the average 47.07% of the 
catch from Lake Burullus. The four tilapia species, although are more 
or less equally abundant, but tend to have the following order of 
abundance: !· zillii, Q. aureus, ~- g:alilaeus and Q. niloticus. 

On the other hand, mullets that constituted 35.76% of the total 
catch, were mostly represented by Liza ramada, that was the most 
abundant fish species constituting-rT":7% of of the total catch of the 
four gears (77.4% of the mullet catch), followed by Mug:il cephalus 
constituting 5.62% of the total catch (15.7% of the mullet catch). 
Among marine fishes, So lea vulgaris constituted 3. 49%, followed by 
Crysop~yri~ auratus ( 1. 98%), Dicentrarchus punctata and _Q. labrax 
(const~tutJ.ng 1.6 and 1.54%, respectively). Among freshwater fishes, 
Clarias lazera was the most abundant in the catch of the four fishing 
gears ( 4.1 3%), while the rest of all freshwater fishes were less than 
2%. 

There are almost no data to compare our results with, except for 
the work of Libosvarsky and Darrag (1975) on Lake Burullus. However, 
their results were confined to four months only (January to April 
1972). They have shown that, in the catch of fyke nets during that 
period, mullets, or rather Liza ramada constituted on the average 
73.9%, while tilapias were only 5. 3% of the catch. 
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Introduction 
The mullet population of Lake Burullus is comt?osed of five 

species, viz: Muqil cephalus, Liza ramada, !;_. saliens, !;_. aurata and 
Chelon labrosus. Quantitatively, L. ramada constitutes 77% of the 
mullet population. The present study deals with the age composition, 
growth equations for length and weight, and estimates of rates of 
mortality in an attempt to throw light on the fisheries of this species 
in the lake. 

Material and Methods 
The present study was performed on 3835 ~ndJ.vidual of L. ramada 

caught from different areas of Lake Burullus. The sampling took place 
each month during the period from January to December 1987, using 
different fishing methods of various mesh sizes in order to cancel the 
effects of efficiency and selectivity of the fishing gears • 

Random subsamples were taken each month for biological studies, 
during the whole period, a total of 497 fish, ranging between 80 and 
350 mm in total length, were sampled. From each fish data on total 
length (measured to the nearest mm), total weight (weighed to the 
nearest gm), and scale samples were collected. Length weight 
relationship was computed according to the cubic relation l'l=cL • 
Length at age were computed from length distribution data (Gulland, 
1983), and coefficients of total, natural and fishing mortalities as 
well as rate of exploitation were determined as given by Pauly ( 1 984). 

Results and Discussion 
Age determination from scale readings revealed the presence of six 

age groups of !;_. ramada in Lake Burullus. Age length key constructed 
from these data were used for the transformation of the length 
frequency data of the 3835 collected fish into a length composition 
table from which the followiny mean lengths at ages were deduced: 
12.87; 17.54; 23.09; 28.99; 32; and 34.67 em, respective to age grou.-s 
I to VI. These values are lower than those given for oter Egy<)tian 
waters, but are close to those given by Arne (1938) in the Gulf of 
Gascogne, Ezzat (1965) in the etang de Berre. Moreover, 
Alebertini-Berhaut ( 1 975), studying the growth rates of 0-age grou.:> of 
:h· ramada in Marseille, found that it com.-letes its first year of life 
at a length of 125 mm. 

The percentage occurrance of each age grou<J shows that among the 
six age groups represented in the catch, age grou.:> II constituted about 
66%, followed by fishes of age group I (29.13%) and age grou~,> III 
( 4. 88%). Fishes older than 3 years constituted less than 0. 5% of the 
population. Rafail ( 1 968) analysing age com<)osi tion of L. ramada, 
along the Egyptian coast of the Mediteranean Sea, found six age classes 
having the following relative frequencies: 55.6; 22.8; 10.4; 6.2; 2.9 
and 2.1% (n=338) for respective age groups I to VI. Hashem et al. 
( 1973) have shown that fishes of age group I constituted 84% of the 
population of :h· ramada in Lake Burullus. This indicate that this age 
structure was the natural case for this S<)ecies in the lake. 

Linear growth of L. ramada in Lake Burullus was found to be 
expressed mathematically by the following equation: 

~fie= r!~~~i~~ b:t~e!~P~~~~l 4~!~~~g· ~1;5 ~~j and total weight (in 
gram) for 497 individual of :h· ramada ranging in length between 10 and 
35 em was found to be curvilinear and was expressed mathematically by 
the formula : log l'l' = 3.0764 log L- 2.2911 (r=0.975) 
The theoretical equation expressing growth in weight could thus be 

:i:t~~2:~;3 [1 - EXP(-0.1465(t+O. 7455)) 13 • 0764 

Values of· the exponent 'n 1 of the length-weiyht equation indicates 
that ~· capite is in good conditions and that it grows heavier 
relative to its length· in longer fishes. This value was higher than 
that given by various authors in other Egyptian waters and in the 
Mediterranean. 

In a preliminary estimation of mortality rates exerted on L. 
ramada in the lake, using the Beverton and Holt equation the total 
mortality coefficient 'Z 1 was found to be equal to 0. 6766. Meanwhile 
the natural mortality coefficient 1 M' was computed using Pauly equation 
and was found to be equal to 0.5750. The fishing mortality coefficient 
was thus found to be equal to 0.1016. The rate of exploitation, or 
amount of death due to fishing, was found to be 0.0738. This figure 
indicates that the population of :h· .ramada is very weakly exploited, 
and that most of the mortality exerted on this population is due to 
natural causes. The age structure of the population of L. ramada 
indicates that fishes of· age group I and younger are the most- affected 
by this mortality. The length-weight relationships, on the other hand, 
showed that older age groups grow well under prevailing conditions in 
the lake. Whether these results reflect the actual state of the 
population of :h· ~ in Lake Burullus needs more investigations. 
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Anguilla fisheries In Lake Manzalah, Egypt 

C.F.H. HOSNY and N.M. DOWIDAR 

Oceanography Department, Faculty of Science, Alexandria (Egypt) 

Eels were fished by professional fishermen from Lake Manzalah 
using fyke nets, with bags of different mesh sizes ( 30, 40 and 45 mesh 
bars per 50 em) during the period from December 1984 to the end of 
March 1985. To ensure the best possible catch, nets were set parallel 
to the lake-sea connection in three parallel sets, each consisting of a 
200 m long leader combined with 23 fyke nets. 
Silver eels were separated from the catch and for each fish total 
length and total weight were measured; sex was determined by both micro 
and . macroscopic examination of the gonads and the eels were grouped 
into definite females and those with lobulated organs. After proper 
treatment of otoliths age determination was made by reflected light 
against a black background. In the present study the calculation of 
age started at the first opaque freshwater ring. 

From the analysis of the catch of the experimental fyke nets used 
during the present study, it was clear that the catch of eels was at 
its maximum during December, when it constituted 31.95% of the total 
catch. It decreased sharply in January to almost half this value, i.e. 
16.58%, then reached its minimum in February and March ( 9. 24% and 
7.91%, respectively). This may show that the season of migration of 
silver eels from Lake Manzalah starts early in November or even 
sometimes in October. 

The study of sex ratio in the eels catch showed that males 
constituted less than 1% of landed eels in December, then increased 
gradually in the following months reaching 100% in March. This would 
clearly indicate that females start their migration and leave 
freshwater grounds earlier than males. According to El-Gayar et al. 
( 1 985) the opposite occurs in Lake Edku and Lake Burullus where males 
are found to start migration earlier than females. On the average of 
the season, females constituted about 88% of the eel catch in Lake 
Manzalah, while during the same season ( 1984-85), females were 82% of 
the total eel production in Lake Burullus, and only constituted 20% in 
Lake Edku ( El-Gayar et al., 1 985). 

The analysis of the size composition of 550 male and 655 female 
showed that males ranged between 33 and 49 em in total length and that 
68% of them were between 37 and 41 em. Females, on the other hand, 
were much larger in size, ranging between 42 and 87 em. 60% of them 
were in the length range of 58-71 em. 

Interpretation of annual rings layed on otoliths of 99 males and 
132 females (Table 1) showed that males reach their silver stage 
earlier than females, i.e. after 4 years of freshwater life, and that 
migrating males are represented by six age groups, while females start 
migration after 6 years of freshwater life and the older individuals 
were 1 3 years old (freshwater life). Wide differences in growth rates 
between males and females were observed, females being much longer than 
males at any given age. Furthermore, wide length range in each age 
group is obvious with considerable overlapping with the following age 
groups. 

Absolute value of growth in length (t> 1) show that, for males, the 
rate of increase in length decreases progressively with age until the 
age of 9 years when it increases slightly. In contrast, length 
increments in females show no constant trend in variation with age. 
The same observation is true for variations of weight with age for each 

Table 1. Length and weight data of silver eels caught from Lake 
Manzalah ( 1 984/85). 

Eels with small and lobulated gonads 
Age IV v VI VII VIII IX 
L (em) 36.78 39.93 42.40 44.34 45.86 48.05 
Wt (gm) 11 o. 9 130.7 145.2 166.5 178.7 192.5 
Females 
Age VI VII VIII IX X XI XII XIII 
L (em) 47.07 54.24 62.10 69.7 74.3 79.08 82.46 85.7 
Wt (em) 227.8 300.8 565.0 774.3 977.0 1116.7 1336.1 1600 

However, values of increment in weight relative to increment in 
length ( 11w/ t>l) clearly show an increase with age in the case of 
females, while it decreased in males. This would imply a state of 
deterioration in the condition of males as they grow longer. 

The equations expressing the length-weight relationships of 1 48 
males and 347 females were as follows: 

log W = 3.1734 log L- 2.9451 for females (r=0.9656) 
log W = 3.1934 log L- 2.9911 for males (r=0.9743) 

The value of the slope of these equations indicate that females tend to 
grow heavier with respect to their length, while males tend to be very 
slim with growth in length. 

For the calculation of the condition factor of silver eels 
adopted the cubic relation K=W/L 3 • 

However, Frost ( 1945) tried to prove that eels do not obey the 
cube law because eels tend to become more bulky and heavier as they get 
longer. Yet, Bur'net (1952) proved that eels obey the cube law in their 
length-weight relationship. In addition, Vladykov ( 1955) stated that 
the increase in fatness occurs in the eels at the stage when they 
descend to the sea. 

Values of the condition factor of females showed progressive waves 
of decrease and increase with increasing length, while males showed a 
continuous decrease in condition with length. The average value of 
condition factor for each sex being 2.3661 ±0.2851 for females, and 
1. 94 75±0. 1 718 for males. This again shows the high degree of 
robustness that females posess over males. 

Comparison of values of condition factors with previous studies 
show that although they were all performed on yellow eels (Sinha and 
Jones, 1967; Ezzat et al., 1984), yet values of the exponent 'n' and 
the values of 'k' obtained in the present study lie within the normal 
range for this species. 
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Detergents In Lake Borollos 

Thanaa H. MAHMOUD and Ali I. BELTAGY 
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Kayet Bey, Alexandria (Egypt) 

llnrmful effects of detergents in natural waters may result from their 
general impact on the biogeochemical cycle of other pollutants and biogenic 
elements. It may also increase the solubility of many toxic substances. 
An increased concentration· of surfactants in natural waters affects the 
exchange processes of gases and ions as well as colloid stability and 
formation of solid phases in natural aquatic systems. Here we present 
detergent concentration data measured by spectrophotometric method 
during the period January - December 1987 in Lal<e Burullus. Detergents 
content ranged between a maximum of 0.89 mg eq. LAS/1 recorded in 
April and u minimum of zero recorded during winter months. 

MEDITERRANEAN SEA 

Fig. 1 • Location of sampling stations and the 4 subdivitions 
(basins) of Lake Borollos. 

For the sake of the present discussion the lake was divided Into 4 basins 
which are connected to each other (Frg. 1). Fig. 3, shows the monthly 
distribution of detergent concentrations during January through Decemb~r 
1987 at the four basins of the Lake Borollos. It can be noticed that basm 
l had the highest concentration especially during April and May. Fig. 
4 represents the frequency distributior1 of the concentration of methylene 
blue active substances in Lake Burullus surface water during the year 
1987. 

E J'l. 

-------Wohr l~nl~ I 

" 

Fig. 3. The monthly change of detergents concentrations 
in Lake Borollos (mg eq. LAS /1) 

The results Indicate that Lake Burullus is not heavely polluted with 
detergents. Detergents concentrations was on the average of 0.17 rng 
eq. LAS/1. Parts of the lake iri front of Bo1Jgha:z; area contained higher 
concentrations than any other parts of the Lal<e. 

Fig. 4. Frequency distributiuon of concentration of detergents 
in Lake Borollos during January- August, 1987 

It also shows lhat pollutions of sea waler in the area of Alexandria, 
Abu Qir Buy west of the Boughaz area could be the main source of pollution. 
by detergents. The study also Points to the possibility of using detergnts 
as tracer for urbQn pollution for marine environment. 
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Surface heat balance of Lake Burullus 
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Studying the heat balance of lakes has various applications in limnology 
and meteorology. This balance determines the contribution! of the different 
factors affecting the heat budget. 

In the present work, different processes controlling the surface heat 
budget of Lake Burullus are studied; In addition , the monthly heat balance 
of the water body relative to the yearly mean temperature was computed. 
The different heat balance components (Qr, Qe, Qc, and Qw) were computed 
usil\g semi-emperical equations. 

The Lnke is situated at the northern part of the Nile Delta between 
the two branches of the Nile,(Fig.i). The Lake area is ca. 546 km2; it is 
rather narrow and Its breadth varies between 5 and 17 km. The sole 
conneclion with the Mediterranean Sea is a narrow opening (Al-Boghnz 
out let) through a sandy stripe of land , that separates the Lake from 
the Sea. The depth of the lake varies between 0.42 and 2.07 m, increasing 
westerly and northerly. 

MEDITERRANEAN SEA 

Fig. 1. Lake Burullus 

3101! 

During the year 11187 and Jan. 1988, 19 hydrographic stations were covered 
monthly. The mean monthly hydrothermal parameters were calculated. 
A direct measurement of the evaporation was carried out In one station, 
In order to get the evaporation coeffecient of the area under Investigation 
< o.tGII5667 x to-6 >· 

The annual surface heat balance of the water of Lake Burullus shows 
that the value of the heat gain at summer Is less than the value of the 
heat loss at autumn and winter. The net heat loss in 1987 was calculated 
to be 5.54 k cal/cm2 .. The main factor affecting the surface heat balance 
in Lake Burullus is Qe as shown in Fig. 2. This heat loas from the surface 
must be compensated . This compensation follows a horizontal 11eat 
transport from the drainage water, pouring from six drains into the southern 
borders of the Lake. Moreover, Qb which is the heat gain from the bottom 
of the lake, may be considered as another source of heat to the Lake water. 
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Fig.2 The monthly surface heat balance components. 

From Fig.· 3 , It Is clear that Qs 1¥1d Qw started their positive values 
In April. Q5 started to lose heat ill August, while Qw started to that In 
October. During the period fromAugust to October the Lake lost heat 
as a result of maximum evaporation occurring during this period. The 
lake water of high heat content was transported to the Mediterranean 
Sea through Al-Boughaz out let causing more heat loss during the same 
period. 
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Fig. 3. The monthly surface heat balance (Q5 ) and the monthly 
heat content of the Lake water (Ow) in 1987. 

Qr: the absorbed solar radiation, Qc: the heat loss or gain due to conduction 

Q8: the surface heat exchange, Qe: the heat loss due to evaporation 

Qw: the heat loss or gain due to the vertical turbulence and horizontal 
movements of water bodies 
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Preliminary Investigation on the levels 
of heavy metals In the sediments of Lake Burullus 

M.H. EL-MAMONEY, A.i. BELTAGY and A.H. NAWAR 

National Institute of Oceanography and Fisheries, 
Kayet Bey, Alexandria (Egypt) 

The Recent sediments of the bottom of Lake Burull us, Egypt. 
have a specific textural composition. Shells and shell fragments 
co1.1stitute a significant. part of the sediments. Shelly materials 
seem to be a determinant factor in the distribution of grain 
size. Sands are represented mainly by shells, shell fragments, 
quartz, feldspars, ostracods and foram tests. Little amounts 
of heavy minerals form a minor part of the sediments. The fine 
fraction of the sediment is composed of silt and clay derived 
from the Nile Delta soils. According to Beltagy (1985) the 
carbonate content of the sediments of Lake Burull us, on the 
average, is less than 30%. The organic matter content varies 
between 1.0 and 2.0%. 

The pH and Eh of the sediments were measured. The concentrations 
of Cd, Cu, Fe, Mn, Ni, Pb and Zn were studied in the different 
fractions of the sediments, viz: carbonate, 2N HN03 extract and 
the total sediments. The averages of the results obtained are 
presented in table 1. The contribution of the different components 
of the sediments to the tota 1 amounts of the meta 1 s studied 

was calculated and presented in table 2. The study indicates 
that,. the biogenous and hydrogenous components contribute between 
20 and 30 % of the total content of Fe, Zn and Pb; and between 
40 and 50 % of Cu, Cd and Ni, while 81 % of the total Mn is 
contributed by the hydrogenous components. The re 1 a ti onshi ps 
between Eh and both Mn and Fe in the extractable fraction are 
established and shown in Fig. 1. 

Table.!.- Average Concentration of Heavy Metals in 
Different Components of the Sediments (ppm) 

Element Cd Cu Fe% Mn Ni Pb 
Component 

Total Sediment 4. 3 66.8 3.46 826.0 63.9 110.2 

2N HN03 Extract 1. 9 30.7 1.04 671.0 30.1 24.3 

Carbonate 4.2 8.6 0.07 159.7 13.9 27.5 

Table. 2.- Percentage Contribution of 2N HN03 Extract 
to the Total Heavy Metal Content of the Sediments 

Element Cd Cu Fe Mn Ni Pb 

% Contribution 44 46 30 81 47 23 
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Fig.l.- Relationship Between Fe {o), Mn {t) and 
Eh {mv) of the Sediments 

It is concluded that, the amounts of heavy metals contributed 
to the Lake are within the natural background 1 eve l s and the 
shells of organisms contained higher amounts of Cd, Pb and Zn, 
and it could act as a sink for those elements in this well defined 
area. Biogenic carbonate also affects the relationship between 
both Fe and Mn and Eh, and results a pronounced scattering in 
the diagrame ( Fig.l). 
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Donnees concernant Ia communaute zooplanctonique 

d'une lagune fortement adoucle (Ia lagune Sinoie) 

Teodora ONCIU et Maria RUSU 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

La derniere vingtaine d' allnees, la structure qualitative du zoop1ancton de 
1a 1agun.e Sinoie a subi de profonds changements dus a 1' adoucissement prononcc 
des eaux de la lagun.e. Apres 1975-1980, periode d'oscillations des conditions 
ecologiques, on a constate une tendance a leur staoilisation, refletee aussi par 
une augmentation ponderale et numerique du zooplancton (l). C' est Justement 
l'annee 1984 la plus significative de cette periode; aussi l'a-t-on choisie pour 
Bllalyser la structure qualitative et quantitative de la communaute zooplallctonique. 

Des echantillons quantitatifs de zooplancton ont ete preleves chaque moia, 
de mars jusqu' a septembre, des eaux de surface ( o-25 em), d 'un reseau de 7 sta
tions, a savoir: une station (numero l) a l'extremite nord de la lagun.e, tout 
pres de 1' embouchure du callal d' adduction d' eau douce, sui vie par d' aut res selon 
1 'axe longitudinal de la lagune (numero 5 1 6 et 7 a 1' extremi te sud). Sur l 'axe 
transversal, perpendiculaire au premier dans la station numero 3, se trouvent 
encore deux stations: l'une a proximi te du cordon littoral (4), 1' autre devant 
le rivage ouest (2). On a fait des comparaisons avec la zone maritime voisine 
(l'horizon Q-10 m) en ce qui concerne la salinite,1a densite des zooplanctontes, 
ainai que 1e nombre d' especea et 1' indica de di versi te ( d' apres SHANNON-WIENER): 

STATION: 3 4 5 MER 
JIOIS Sa1ini te (g NaCl 1-1 ) 

IV 0 1 31 0,38 0,24 0,28 0,62 
v 0,29 0,40 0,38 0,43 0,57 
VI 0,17 0,15 0,40 0,20 0,24 
VII 0,26 0,47 0 144 0,61 0,61 
VIII 0,61 0,58 0,62 0,57 O, 72 
IX 0,54 1,16 1,12 1,00 1,05 

IV 
v 
VI 
VII 
VIII 
IX 

IV 
v 
VI 
VII 
VIII 
IX 

IV 
v 
VI 
VII 
VIII 
IX 

11 
130 
145 

22 
261 
468 

11 
15 
10 
9 

13 
15 

2,53 
2,43 
2,30 
2,35 
2,90 
3,08 

60 
299 
146 

57 
399 
595 

8 
15 
11 
8 

13 
16 

0,92 
1,84 
2,13 
2,04 
2,45 
2,79 

Densite (1000 ex.m - 3 ) 

11 35 53 
260 653 759 

2308 1193 1606 
41 118 97 

381 130 338 
343 663 622 

Nombre des espeoes 

10 
13 
13 
9 

13 
13 

9 
14 
14 
9 

12 
13 

13 
18 
13 
10 
14 
12 

Indica de diveraiU 

1,02 1,32 2,28 
2,65 2,87 2,90 
1,03 1,28 1,35 
2,51 2,22 2,07 
2, 70 2,80 3,05 
2,61 2,20 2,57 

o,67 
0,48 
0,38 
0,58 
0,91 
1,11 

61 
446 

3644 
128 
259 
148 

13 
18 
16 
9 

14 
13 

2,09 
2,80 
1,21 
2,20 
2,64 
2,81 

0,69 
0,64 
0,48 
0,58 
0,57 
2,35 

95 
300 

3634 
185 
112 
392 

10 
14 
12 
13 
15 
15 

10,41 
15,70 

13,66 

6 
480 

135 

16 
17 

16 

1,01 

On a determine 47 especes,dont 44 holop1anctoniques (19 Rotatoria, 9 Clade
cera et 16 Copepoda) et 3 meroplanctoniques (des larves veligeres des bivalves, 
larvas zo!J de Rhi tropanopeus harrisii tridentatus Jla.i tland et nauplii de ~ 
improvisus Darwin). Parmi celles-ci, seulement 3 espeoee (Leoane sp., Daphnia 
longispina Jlfiller et Heterooope caspia Sara) ont ete presentee toute la periode, 
dans toute la laguna Sinoie. 

La densite moyenne du zooplancton a ete de 515833 ex.m-3 , lee valeurs mini
males ont ete renoontrees au printemps, tandis que lee maximales en eta, 
realisees en proportion de 8o-90 ~ par lee Cladoceres (Bosmina longirostris 
Jlfiller, Cornigerius maeoticus (Pengo), Daphnia longispina). 

Ajoutant A ces donnees 1' analyse de 1' indioe de Bimili tude (de sORB!! SEN ) , 
on peut dUimiter dans la lagune quatre zones distinctes: 

-La zone nord,i'ortement marquee par l'apport d'eau douoe (stations 1 et 2) 
a eu una salinite moyenne de 1,8~ (avec 3~ plus basse que la moyenne de l'en
tiere laguna). On peut y signaler durant toute la periode le plus haut indica de 
diversUe, le plus grand nombre d'especes (34) et lea plus reduites valeurs de 
densite. Pendant las cruee printanieres du Danube qui determinant aussi dans la 
laguna un apport plus grand d'eau douce, oe n'est qu'ioi qu'on a trouve 
quelques especes dul9aquiooles (:Buo:rclops macrurus macrurus (Sara}, Acanthoc;rolops 
~ (Rehberg), Argonotholca i'oliaoea Bhrenb.). 

- La zone a proXimite de la mer Noire (stations 3 et 4), dont la salinit~ 
moyenne (3,43 1-e) a et.S 18 ~ plus elev6e que celle de la lagune. La presence des 
nauplii de Balanus seulement en mai peut indiquer soi t 1' eXistence d 'un noyau 
de geniteurs sur lee fonds de la laguna, soit la penetration des masses d'eau 
marine comme suite des orages qui ont eu lieu ce mois. Pendant le printemps, 
dans la zone marine voisine on a trouve des copepodes de la laguna (Calanipeda 
aguae-dulcis (Jeri tech), Bu.rytemora hirundoides Nordquist} indiquant une fui te 
d'eau vera la mer. 

- La zone centrale de mixage {stations 5 et 6), dont la salinite moyenne 
(2,97 %o) a ete semblable A celle de toute la lagune. Lee valeurs de l'indice de 
diversite ont ete plus petites par rapport A ce11es de la zone nord. Parmi lee 
28-30 espeoes determinees pour cette zone, i 1 y avai t 23 qu' on trouvai t dans tout 
le bassin. 

- La zone sud (station 7) dont la salinite moyenne a ete avec 4,5ct. plus 
haute que la moyenne g~nerale. C'est ici qu'on a aignale lee denaites maximales 
du zooplancton, ainsi que lea plus grands indices de diversite, une abondance 
d'especes (33-34) et la preeenoe de Brachionus caJ.ycif1orus var. anuraeiformis 
Brehm, Moina micrura Kurz, Acanthoo olo s vernalis vernalis Fischer, A.nanus 
(S~rs), Microcyclops varicans Sara , ~ Sars et Rhitropa.nopeus h~ 
trl.dentatus, qu'on ne trouve plus dalls lea autres zones. 
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Studies on the core sediments of Lake Edku, Egypt 
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SUMMARY:- Core sediments were sampled from Lake Edku, an Egyptian shallow brack

ish water delta lake connected to the Mediterranean Sea, and the samples were 

subjected to some physico-chemical investigations. Contrary to water content, the 

density of wet mud increased with depth in most cores. The organic matter, the 

calcareous substances, the allochthonous materials and the diatom-silica were 

deposited in variable amounts at various depths of the cores. The quantitative 

distribution of these components was found to depend upon certain factors which 

were discussed. 

Lake Edku, a· shallow brackish water lake, is connected to the Mediterranean 

Sea through a narrow outlet. Its chlorosity varies according to locality and sea

son. This lake receives huge amounts of drainage waters via three main drains. 

The lake l;>ottom varies in structure from muddy to sandy mixed with silty materials. 

The present study deals with core sediments of Lake Edku to illustrate the verti

cal variations in their quantitative composition. Ten short cores were sampled 

at different regions of Lake Edku and the samples were subjected to some physical 

and chemical investigations 

The external events have a considerable effect on the nature, composition and 

distribution of the lake sediments (Saad, 1976, 1978). The allochthonous sediments 

entering into Lake Edku with the drainage and sea waters are distributed by water 

movements throughout most of the lake; they were deposited in variable amounts at 

various depthe of the cores. The recent allochthonous minerogenic materials cover 

the autochthonous organic sediments or mix with them. This hinders the exchange of 

nutrients between the sediments and the free water (Saad, 1970, 1976, 1984). Var

iations of water content of the lake sediments are due to the nature and type of 

these sediments. Lower amounts of water were found in deposits enriched with mine

rogenic materials. The decrease in the amount of water with depth in most cores 

was generally correlated with an increase in the amounts of allochthonous minero

genic materials. Contrary to water content, the density of wet mud increased with 

depth in most cores. 

The amounts of different components of the lake sediments deposited at var

ious depths of the cores depend upon several factors. The higher amounts of orga

nic matter found in some sediment samples are due mainly to the great amounts of 

the autochthonous and allochthonous organic matter reached these sediments 

(Saad, 1984). It must be also assumed that the degree of preservation of the orga

nic matter in these samples wq.s high. Shells and shell fragments of calcareous or

ganisms accumulate on a considerable portion of the· lake bottom (Saad, 1978). The 

higher amounts of calcareous substances found in some sediment samples are rela

ted to the abundance of these shells (Saad, 1974, 1976, 1978). The diatomaceous 

silica gave variable amounts at various depths of the cores. The higher amounts 

found in certain sediments samples reflect the richness of these samples with 

diatom frustules (Saad, 1976, 1978, 1984). 
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La dynamlque du phytoplancton du lac sursale Teklrghlol 
pendant les annees 1984-1987 

V.H. SKOU<A, Mariana NAZIRU et Maria RUSU 

lnslltut Roumain de Recherches Marines, Constantza (Roumanie) 

~~ This work: presents the development cycle o~ ph;rtoplankton of lake Teld.rgh!ol 

in the 1984-1987 period. 

Dans nos notes anUrieuree (1979, 1981, 1983, 1984) neue avone preeente !'evolu

tion bydrologique de ce lac et eon influence sur la d;ynamique qualitative et quanti

tative du ph;rtoplancton. 

Pendant la periods 1984-1987 on a conetaU une stabilisation et meme une amelio

ration de ees parametres -bydrolos:tques. I.e niveau du lac baiesa de + 131 om (rolp. mer 

Ioire) en 1984 il. + 102 en nn d 'amu!e 1987. l'aze.llUement, la salini t4 aucmenta H

prement, de 53.5 ,. %o en 1984 (valeur mo;renne annuelle) a 57,4 g %o en 1986. Maie, 

plus importante eat la diminution inceesante de la teneur en aaote total qui, de 5,6 

ZB/1 en 1984 baieea a 0,28 mg/1 seulement en 1986. Diminua aussi la deneiU du ph;rto

plancton, entra!nant l'au&mentation de la transparence dee e&U% de 180 em environ en 

1984 a 210 em en 1986, avec une valeur ma:dmale de 450 em, fait qui favorisa le do!ve

loppement de 1' algue Cla.dophora. 

Le pbytoplancton du lac eat ca.Ncto!rieo! par la dominance dee ee~cee dul9&Q.uioo

lee, a l(rande plaetioi te pbysioloeique, Lee ee~cee d 'orir;ine marine OU llaumAtre 110nt 

1110ine nombreueee. Maie, d'enrime importance eat le fait que, depuill 1981, quand a 

ceeee la florai11on chronique due &11% Gloeobot:rxe olorinue (hi ver) et Sxn!chococcua 

~ (aU), on conetate de11 apparitions et dieparitione brullque11 de nouvelles ea

~cee, dent quelque11-une11 peuvent ee developper d 1une meniere exploei'Y&. Dane cette 

demiilre po!riocle apparurent dane le plancton lee eepilcee suivanteel lioloalll!!!!ld.& le

opolieu.ia Tl:lompaon et Diotxoaph!Eilllll e~enbe:arpanWD en 1984 1 Wbaena miniata SINja 

et Dend%omonu orotoetzlill Slcuja en 1985, Oarteria m:ultifilie J'reeen, lioloe!!Z!!!Id.a 

neclecta Thomp11on et GYmnodinium eu:ytopu!ll Sku.ja en 1986 et Trachelomonae hiapida 

Stein et T, re!!Ularill Sk. V, en 1987. 

Cheque annes on peut diatin&uer de 3 a 4 associations ve~talell eucceeeivee, en 

tone tion de la aaison, On trouve en 19&f lee· dominantea sui vanteao Ni tuchia oloate

rium en hivar, Glenoclinium szmnodinium au printempe, Oharaciopei11 a.r+etulata en t!to!, 

Dictyoapbaerilllll ehrenberld.&n\1111 en automne. En 1985 dominantea turent Thalaaeioaila 

R!:!:Y! en hiver, Ohroomonas caudate au printempe, Dendromonaa cmtoetzlie et ~

znaki& leopolieneill en 8t4 - automne, Dendromonaa reate dominants juequ 1 au printempe 

1986, quand elle e11t remplact!e par Gymnodinium !U!YtOpu!ll et Ch1orobotge polrclorial 

lll&ie il redevient dominant quand-mlme pendant toute la periode t!U - autOJII!Ie, Jllltin, 

en hiwr 1987 le phytoplancton eat domino! par Ohroomonae caudata et Trl!ehe10111onae 

~. au printempe- ChloroboWe polyoloria, en o!U-~- 'hach!l!I!!!N!u, 

en utoome lea deux eeplooee du genre WoloaV!l!lt1aa W,ne«l.ecta et W,leopolieneh. 

DaDa le p1ancton du lao on trouve cheque &nnH un nombre rolduit d'eepilcee, de 

12 a 17 aeulement. Sa ~que quantitative eat proleentn ~ le Tableau 1, 

Tableau 1 

La denei U et la biomaeee du pbytoplucton du lac Tekir!biol pendant 

lee annt!ee 1984 - 1987 

Moie / !Jmle 1984 19115 19116 1967 

DeMitol Jlo.cell£1 

n 39.297.000 1.566,000 4.762.000 
In 30.576.000 10.460.000 6;550,000 
IY 31.3113.000 12.243.000 ·~6117.000 4.196.250 
v 23.94.4.000 2.100 8.040.000 125.660 
VI 477,500 32.150 195.660 
VII 156.600 171-400 935.000 79.000 
VIII 3.137.000 2.125.700 1.1117 ,J.40 
IX 3.254.500 4.620.000 118.330 
X 6.249.100 3.583.500 1.220.000 1.01)3. 790 

Mo;rellllll 16,883.200 4-764.100 .3.978.000 1.!).40.980 

lli-!6/..•3 

II 30.790,0 7.1110,0 57.428,9 
III 43-9911,0 132.160,0 46.390,0 
IY 81:112,0 167.230,0 43-560,0 33.136,0 
v 122.037,0 9,6 20.540,0 123,7 
VI 1.801,7 147,2 449.9 
VII 92;6 513,8 904,2 501,2 
VIU 4·560,0 9.612,4 13.3111,7 
IX 4.1150,4 10.006,0 6.374,0 
X 34·378,, 7·945,5 8.1180,0 3.3ll,O 

l'lo;reDII8 40.595,2 52.911,5 17.200,0 1,,205,3 
==-===~;======--=-=~~~~ 

<a conetate que, ~ute de conao-teure, le pbytoplanoton e'acCUIIIlle pendant 

touts la periode aut0111D8 - printe~~pa. Dana le aoment oh apparaft 1a !I!!l!!!!o elle con

eOllllll& activement le ph;rtoplancton en a11g1aentant ea deneito!. Par la suite, le pbyto

plancton diminue brusquement, Bl:uNJ.te, diminue aueei le cona0111111ateur en 8t8. En oee 

circonetancee, le pbytoplancton commence de nouveau a a' aocumuler, Cette dynamique 

eerrt!e montre 1' importance du pbytoplancton dane la bioo!conomie du lac, en tant que 

nourri ture pour un important !acteur de la p41o!do~ae du lac, 
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E-IVI6 
Le rOle de I'Aigue Cladophora yaqabunda L. 

et du Phyllopode Artemla salina Leach. 
dans Ia peloldogenese du lac sursale Teklrghlol en 1984-1987 

V.H. SKOU<A, Maria RUSU et Mariana'NAZIRU 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

~~ Dynamics· of the species Cladophora vagabunda L. and Artemia salina Leach. 

production is presented in the mentioned period. 

Pendant lee decenniea paeaeee (3) l'algue Cladophora etait repandue sur toute la 

longueur dee cotes dulac, jusqu 1a 4,5 m de profondeur. Pendant l'automne elle forma 

de grandee plaques flottantes, accumuleea par lee vents dana lee golfes en grandes 

quanti tea. MaJs pour cea annees on n'a pas d 1 evaluations quantitative&. 

.Aprea 1970 lea eaux phrt!atiques firent rehausaer le niveau du lac. Lea falaisee 

s'activl!rent et le materiel terri«i>ne colmata le fond rocheux dur, La diminution de la 

transparence dee eaux juequ 1 ~ 20-}0 em seulement, due tant aux suspensions q\l'a la 

floraieon inceesante dee eapl!ces Gloeobotr;ya clorinus et Blnechococcua curtua a eu 

pour consequence ls reduction de son etendue en profondeur. Pendant la premiere carto

graphie de 1976, 1' algue cesaa d 1 exiater au-desaous de 1, 5 m de profondeur. 

.Aprea 1981 le niveau du lac commence a baiaeer legerement et la transparence a 

&\18!1lentt! aprea la dispari tion dee deux especes mentionneee. L. areal de 1 I algue a pu 

s•elargir inceaaamment, en gagnant de nouveau la profondeur de 4 m, ou meme la depaa

eant en quelques points, 

Lee evaluations quantitative&, effectueee a l 1aide du ecaphandre autonome, en 

poida frais 1 turent de 1.655 tonnes en 1984, de 1.548 tonnee en 1985, de 2.054 tonnee 

en 1986 et de 1.315 tonnee en 1967 seulement, probablement 8. cause de la diminution 

de la teneur en aaote dee dernil!rea annt!ee. 

Etant conditionnee par la presence du fond rocheux non colmate et d 1une bonne 

transparence de 1 1 eau, Cladophora consti tue un chainon tree fragile de la production 

de 1 18coeyeteme, t"ait cl&irement demontre par la t"luctuation de sea productionll 

arumsllee, 

Le aooplancton du lac 'l'ekirghiol eat tree pauvre en eepecee. an rencontre quel

ques rotUiorea, cyclopidee et harpa.ctieides, ainsi que le phyllopode .lrtemia salina. 

0 1 eat le principal coneommataur du pbytoplancton, ainsi que du sooplancton de pet! te 

taille, Lee chainee trophiquea du lac sont courtesl phytoplanoton - J.rtemia; peyto

planoton - aooplancton - .Artemia. Le dernier chainon n'a pas de coneommateur et, 

eneuite, 8&8 cadavrea contribuent a la pelo!dogen!oee, 

Son cycle de developpement eat conditionne par le regime thermique de l'annee, 

Pendant lee moie froide, 1 1e11pl!ce est prt!aente dane le plancton et le benthos du lac 

eoue forme d 1 oeut11 de resistance • .A mesure que 1 1 eau ee chautfe 1 ee produi t leur 

eclosion, .Apparait la premil!re r;olneration de 1 1 annt!e, qui pond dee Oeufll partheno

r;oln8tiques, Se auocMent puis juequ 1en automne un nombi:e de 6 ~nerations, qui 

atteig:nent le atade adulte (Tableau 1); la 78 dieparait en hivar comme nauplii, 

Tableau 1 
Bvolution du pbyllopode .Artemia aalina au coure dee anneea 1984 - 1987; ---

de I a VII eont indiqu8ee lee generations eucceaaivee en ex/m3 

======;:;:::;:;;:;::;:::===--=-~----==============:=.::=.===:=.==:::====== 

!nnee 

Moie 

IV I 
v I 
VI II 
VII III 
VIII IV 
IX v 
X VI 
XI VII 

:Biomaaae 

(JJ«/m3) 

III I 
IV I 
v II 
VI III 
VII IV 
VIII v 
IX VI 
X VII 

:Biomasse 

(m&fm3) 

Nauplii 

51 
60 I 

).01) 
86.325 II 

6.070 III 
1.705 
9·430 v 

10 

~ 

1984 

Jeune11 .ldultee llauplii 

0 0 I 14 
56o I 150 II 19.965 I 

0 I 1.530- III 22.950 II 
453 II 702 IV 2. 740 III 

1.383 III 1169 V 535 IV 
0 IV 15 

1,184 V 261 VI 1,820 VI 
0 VI 220 

1.170,43 

Zooplancton total 1.414,51 

1966 

4 0 0 
218 0 0 I 
767 I 416 I 36 I 

249.520 II 18,640 II 448II 
12.037 III 253 III 263 III 

46o IV 0 IV 0 
1.722 v 1.405 v 230 v 

215 VI 173 VI 85 VI 

~ 
Zooplancton total 

1.0]0,87 

1.093,24 

222 
780 I 

45.448 II 
9.591 III 

OIV 
1,()40 IV 
1.568 v 

19115 

J eunea .Adul tee 

0 0 
410 I 3-920 

7.7117 n 11.326 
}.850 III 5.523 

111 IV 2.888 

2.620 v 271 

4.813,23 

4.818,25 

1987 

0 0 
790 I 110 

6,385 I 93 
295 II 58 

7,192 IV }20 
113 IV 143 
308 v 625 

869,31 

870,60 
'===== ======--====-----========:::::======== 

liln fonction de la quantitt! de nourriture dont l'eepl!ce diapo11e, l'effectif de cea 

generations eat tree inegal, .Aprlte le developpement inteneU du debut de l'ete et 

apres avoir consomme le pbytoplancton jUIIqu 1a sa dieparition presque totale,lleff~oti! 
d'~ diminue bruaquement. La population auemsnte un peu vera 1 1 automne, en paral

lHe avec le phytoplancton. Parfoia, en novembre apparait la 7e r;o!neration qui ne peut 

atteindre le ata.de miir et disparait a cause du refroidiasement de l'eau, .Aux biOmall888 

moyennea realiseee,pour le volume de 70 mil.m3 eau (1,2), les productions en poidll 

fraia furent de 590 tonnes en 1984, de 339 tonnea en 1985, de 76 tonnea en 1986 et de 

56,5 tonne a en 1987, On constate done la diminution de la population de l'ea~ce, qui 

suit fidl!lement la dynamique du pbytoplancton, Oomme valeurs totalea, le lac a produit 

2.254 tonnes de materiel peloidot.-!one en 1984, 1.887 tonnea en 1985, 2.130 tonnee en 

1986 et 1. 368 tonnas en 1987. 
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E-IV17 
Etude des parametres physlco-chlmlques 

et des sels nutritifs dans le lac de Bafa (Aydin, Turqule) 

INTRODUCTION 

0. YARAMft2.•. S. BALIK .. et M.R. USTAOGLU .. 

• Ege University. Fisheries College, Bornova-lzmir (Turkey) 
•• Ege University. Science Faculty, Department of Biology, 

Section of Hydrobiology, Bornova-lzmir (Turkey) 

Le lac de Bafa,situe entre 37"31 'N et 27"27 'E au sud-ouest de 1' Anatolie, 

est un lac d' alluvions de barrage. C' est une ancienne baie qui, dans 1' Antiquite, a 

ete separee de la mer par lea apports d' alluvions de la riviere Bii:-\ik Mende res· Ac-

tuellement, la riviere changeant de lU, passe a 1 km environ du lac ( 1, 2) • La lon

gueur maximale entre les deux points les plus eloignes est de 15,3 km, alors que sa 

largeur est de 4, 5 km. La superficie du lac atteint 65,8 km
2 

; le lac est situe a dix 

metres d'altitude et sa profondeur maximale est de 19m (Fig. 1) · 

Figure 1. Localisation des stations. 

MATERIEL ET METHODES 

Dans ce travail, nous avons etudie quelques parametres physico-chimiques et 

des sels nutritifs ; la salinite Ct.), la temperature ("C), l'oxygene dissous (mg/1), 

le pH, lea aestons (mg/1), No;-N, No;-N, NH~-N, Po4
3
-P(pg/l). Des prelevements men

suels ont ete effectues de septembre 1986 a aout 1987. en surface, sur quatre stations 

caracteristiques du lac de Bafa. Tous les echantillons ont ete faits dans des bouteil

les en PVC et conserves dans· le melange glace-sel jusqu' au laboratoire. Les determina

tions d'oxygene dissous, de temperature et de salinite ont ete realisees ~· Pour 

lea sels nutritifs, nous avons utilise un spectrophotometre Perkin-Elmer, Modele 35 

(3, 4). 

RESULTATS ET DISCUSSION 

Dans le Tableau 1 sont rassembl&e les moyennes annuelles de chaque parame

tre pour quatre stations. 

St. 1 St. 2 St. 3 St. 4 

Salinite (%o) 4.21 :;: 0.42 4.33 :;: 0.32 4.49 :;: 0.37 4.39 :;: 0.37 

Temperature (°C) 19.68 :;: 5.29 18.42 :;: 4.82 19.07 :;: 5.03 19.75 :;: 5.22 

Oxy.dis.(mg/1) 8.75 :;: 1.53 8. 96 :;: 1.35 9.87 :;: 2.35 8.44 :;: 1.36 

pH 8.05 :;: 0.21 7.93 :;: 0.32 8.10 :;: 0.29 8.15 :;: 0.22 

Seston { mg/1) 10.86 :;: 3. 75 13.16 :;: 4.94 33.23 :;: 32.49 12.44 :;: 4.96 

NO:i-N (pg/1) 8.14 :;: 2.06 3.50 :;: 0.94 7.28 :;: 4.09 4.77 :;: 1.35 

N03-N (pg/1) 14.06 :;: 8.07 13.35 :;: 6.84 9.66 :;: 7.24 11.77 :;: 7.56 

NH;-3'1 (pg/l) 94.84 :;: 54.03 89.59 :;: 49.51 110.12 +83. 79 126.79 +100.07 

PO 
4 

-P (pg/1) 16.63 :;: 8.56 16.41 :;: 10.67 17.97 :;: 8.59 18.29 :;: 18.45 

Tableau 1. Moyennes annuelles des parametres etudies. 

D' apres le Tableau 1, on trouve, en surface, des concentrations identiques 

dans le lac de Bafa. Les resultats obtenus revllent des concentrations de salinite 

(%.) de 2.93 a 5.62 ; de temperature ("C) de 9.7 il 31.5 ; d'oxygene dissous (mg/1) de 

3.00 il 15.23 ; de pH de 7.05 il 8.70; des sestons (mg/1) de 0.20 il 179.70 ; des No;-N, 

No;-N, NH~-N, P04
3
-P varient aussi de 0.00 il 49.61 ; de 0.24 il 41.00 ; de 0.00 a 

504.46 ; de o.oo a 93.93)-lg/1. 

Nous constatons que lea sels nutritifs augmentent en hiver a cause des 

pluies. Nous pouvons done conclure que le lsc de Bafa est un lac constitue d'allu

vions de barrage, presentant un caractere eutrophique similaire il celui des autres 

lacs d 'Anatolie Occidentale (5). 
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Fifteen years of scientific deep drilling 
in the Mediterranean Sea : a review lE 

JeanMASCLE 

laboratoire de Geodynamique Sous-Marine, B.P. 48, 

06230 Villefranche-sur-Mer (France) 

Being almost totally surrounded by orogenic belts the present day 
Mediterranean Sea represents probably one of the best model of an in 
progress continent to continent collisions. Subduction/collision and 
related back arcs extensive evolution have combined in the creation (and 
destruction) of continental margins and related restricted oceans basins 
where tectonic, sedimentary and oceanographic processes have been 
closely and continuously interacting. The resulting geology has since 
many decades been particularly attractive for earth scientists and has 
lead to many scientiflc cruises and to the organization or three Deep 
Drilling expeditions. 

Leg 13 of the Deep Sea Drilling Project (in 1970), Leg 42 A of the 
International Program for Ocean Drilling On 1975) and more recently Leg 
107 ·of the Ocean Drilling Program (In 1986) have been devoted to 
stratigraphic, regional and thematic geological targets in the 
Mediterranean Sea. This presentation intends to review the significant 
results derived from 27 ·drilled sites In order to help to rocuse new 
global earth sciences problems th~t can be adressed In the Mediterranean 
Sea. 

lE Les condenses qui figurent ci-apres sont ceux re~us a la date re
quise. Ceux parvenus ulterieurement feront l'objet d'une diffusion 
interne. 
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G-I2 
Les changements paleohydrologlques 
du secteur Medlterranee-Atlantique 

de 18 ooo ans BP a I'Actuel : 
apport de Ia micropaleontologie 

Michelle Helene CARALP 

U.A. 197, CNRS, lnstitut de Geologie du Bassin d'Aquitaine, 
Universite de Bordeaux I, 351 Cours de Ia Liberation, 33405 Talence Cedex {France) 

La zone d'echanges hydrologiques entre Mediterranee et Atlantique, de part et 
d' autre du detroit de Gibraltar a subit entre le dernier maximum glaciaire 
(18 000 ans BP) et l'actuel des variations importantes mises en evidence par des 
etudes mi crof auni ques (For ami niferes benthiques notamment). 

Les resultats presentes sont obtenus a partir de l'etude de diverses carottes 
implantees a l'Est du seuil de Gibraltar, en Mer d'Alboran et a l'Ouest du seuil, 
dans le Golfe de Cadix. Oans chacun des bassins, ces carottes sont situees a 
differents niveaux bathymetriques et plus particulierement dans le domaine de 
profondeur de chacune des masses d'eaux existant actue11ement dans ces regions : 
eau de fond Nord-Atlantique (NAOW) et overflow mediterraneen (MOW) pour la partie 
Ouest, eaux mediterraneennes intermediaires (MIW) et profondes pour la partie Est. 

Les bassins profonds (1 200 - 1 400 m en Mer d'Alboran, 1 500 - 2 800 m dans 
le golfe de Cadix) presentent de5 evolutions paleohydrologiques opposees depuis 
18 000 ans BP . 

Riche en nutrients et bien oxygene du maximum Glaciaire jusqu' a 13 000 ans, le 
bassin d'Alboran devient beaucoup mains favorable a la vie benthique de 13 000 ans 
a l'Actuel. La degradation que l'on suit pendant le Bolling-Allerod et le Younger 
Dryas devient maximum entre 10 000 et 7 000 ans a la base de.l'Holocene; elle 
para it synchrone des deve 1 oppements de sapropels en Medi teranee orienta 1 e. 

Dans le Golfe de Cadix au contraire, des conditions peu favorables a la vie 
bent hi que existent a 18 000 ans. Ell es sont 1 a consequence de 1' arret de formation 
d'eaux profondes en Mer de Norvege et de la faible production d'eaux bien oxgenees 
aux latitudes nordiques. Les eaux profondes baignant le bassin de Cadix sont sous
oxygenees et tres pauvres en nutrients comme d' ai 11 eurs tout 1' Atlantique N .E. Ce 
n'est qu' a partir du Younger Drias que les microfaunes benthiques temoignent de 
changements hydrologiques qui vont conduire aux conditions actuelles au NADW bien 
oxygene bai gne ces niveaux profonds. 

Les domaines epibathyaux (500 - 800 m) de chaque cote du seuil de Gibraltar 
ont en revanche une evolution assez comparable a l'Est et a l'Ouest pendant toute 
la periode de temps consideree avec des conditions ecologiques favorables a la vie 
benthique. Il semble que la presence de microfaunes assez homogenes de part et 
d' autre du seuil a trois reprises : fin du stade isotopique 2, Younger Dryas, 
Hal ocene superieur, pui sse etre i nterpretee comme 1 a marque de 1' accentuation 
temporaire des echanges Est-Ouest. 
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Estimation of regional movements 
in the Southern and Central Italian Region 
and adjacent seas from aeromagnetic data 

Maurizio FEDI and Antonio RAPOLLA 

Dipartimento di Geofisica e Vulcanologia, Largo S. Marcellino 10, 80138 Napoli (ltalia) 

Magnetic and palaeomagnetic data gave, during last decades, major 
contributions to the comprehension of the dynamics of many regions of 
the Earth. 

As what regards palaeomagnetic data, the determination of the ma
gnetic properties of sampled rocks together with age estimates, produ
ced important results as far as the presence of rotational movements 
of tectonic plates or micro-plates are concerned <Tar-1 ing, 1971>. 

In oceanic areas, the observation of parallel bands of magnetic a
noma! ies alternatively Northward and Southward directed, gave one of 
the main keys for under-standing and evaluating the crustal spreadi ngs 
<Vine and Hat thews, 1963) • 

Moreover, also a shape analysis of magnetic anomalies caused by bu
ried bodies, can be performed, in this context, for searching the di
rection (i.t. declination and inclination> of the total magnetization 
vector. In fact, if such direction is not corresponding to a N-S or 
S-N ont1 the abnormal shape of the anomaly can bt directly related to 
rotational Rovements. 

Fig. Aeromagnetic field of the Tyrrhenian Sea <Southern I-
taly>, simp! ified from aeromagnetic data, AGIP, 1981. Magnetic anoma-
1 its with an abnormal direction of the total magnetization vector are 
drawn with a shaded area, for the Raxima, and ~o~ith points for the mini
ma. For each anomaly is also indicated (by an axis) the estimated di
rection of the total magnetization vector (from Fedi and Rapolla, 
1988) 

A numbu of such anomalies ~o~ere pointed out in the Southern-Tyrrhe
nian Sea <Fedi and Rapolla, 1988> analysing the aeromagnetic field mea
sured by A.G.I.P. <1981>. They were interpreted as due to an anticloc
kwise rotation of the region, of about 30-500 <Fig. 1>. Enlarging the 
study to the available aeromagnetic data. covuing the remanent part of 
the Southern and Central Italian Region and adjacent seas, we were a
ble to detect other abnor111al direction anomalies_, with angles of about 
-400 and 400, This should furnish a valuable lecture key of the geod
ynamics of the region. 
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Messinian vegetation and climate 

H.-J. GREGOR" and E. VELITZELOS** 

• Grozenbell (Federal Republic of Germany) 
•• Athens (Greece) 

Neogene Floras in the Mediterranean and their macrofloristic compositions 
and palaeoclimatic implications put forward doubts on the Messinian salinity 
crisis. The typical uppermost Miocene floras like for example from Carbonara 
Scrivia (Italy), Pikermi (Greece), Paghi(Kerkira) and Ankara-Beynam (Turkey) 
etc. are composed of deciduous or evergreen plant taxa of humid character (lau
rel, Acer, Glyptostrobus, Platanus, Quercus, Ulmus, Salix etc.) and give no idea of 
any xerophytic or early Mediterranean element (perhaps except Cupressus) .A simi
lar picture we find in the new Messinian seed-flora of the Stirone river (Fiden
za) ,where we find for example"Toddalia", a special humid plant from SE-Asia 
today. A look on the abundant prae- or post-Messinian floras (especially with 
fruits and seeds) show the same picture and thus the salinity crisis from the 
palaeobotanical ppint gf yiew was og 11 crisis" or catastrophe in the real sense 
Now the question arises how to explain many geological phenomena in the Medi
terranean with a warm-temperate (subtropical), humid climate, which is confirmed 
by the fossil laurel-, evergreen and mixed-mesophytic-forests from the upper 
Oligocene to the lower Pleistocene (Santerniano). 
There are some ideas about a "shift" from the Neogene Cfa-climate (sensu KOP
PEN) to a Cw-climate, which means a coming up of a winterdryness. We find plants 
in our fossil floras which occur nowadays in the winterdry Chinese Cw-climate 
and thus we can dare to compare our fossil climate with the Recent one - the 
same aspect is found in W-Germany. In such a climate the dessiccation in the 
wintertime (up to 3 months) is higher than the precipitation and allows to 
build up gypsum- and salt-deposits etc. 
These macrofloras, showing us the autochtonous vegetation in the Mediterranean, 
are quite distinct from the microfloras, which seem to have a certain amount of 
xerophytic plants (Gramineae etc.) ,but from far away (allochthonous). This is 
due to windbo;rn pollengrains or those transported by water. 

Iri respect of these palynological records we have to reconstruct perhaps 
really "arid" conditions in Central-Asia or anywhere else,from 'where the pol
Iengrains have come. There is also influence of the African continent, but this 
does not attack my research. 
Some of the current literature is brought here and in the run of a project 
in Munich we try to solve all questions concerning Neogene fruit- and seed
floras,but also leaf-floras and especially the problem of the vegetation in 
Messinian times in the Mediterranean. 

GREGOR ,H. -J. (1988): Contributions to the Neogene and early Quaternary floral 
history of the Mediterranean.- Rev. Palaeobot. Palyn., in press. 

GREGO.R,H.-J. & VELITZELOS,E. (1986): Erste Ergebnisse zur neogenen Florenge
schichte des Mediterrangebietes, insbesondere Griechenlands.- Cour. Forsch.
Inst. Senckenberg, 86, S. 279-281, Frankfurt a.M. 

- (1987): Evolution of Neogene Mediterranean vegeta-
tion and the question of a dry upper Miocene period (salinity crisis).-

Ann. Inst. Geol. Publ. Hung. , LXX, S. 489-496,7 Fig. , Budapest 
VELITZELOS,E. & GREGOR,H.-J.(T988): Some aspects of the Neogene floral 

history in Greece.- Rev. Palaeobot. Palyn., in print 

GREGOR, H. -J. (in prep.): The Neogene History of the Mediterranean Vegetation. 
I. The Iberian Peninsula 

II. France 
III. Italy 
IV. Greece 

V. Balkanese and Turkey 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 



G-ls 
Eratosthenes Seamount : 

a mid-ocean dip-stick recording 
the late Tertiary and Quaternary marine geological history 

of the Eastern Mediterranean 

F.W. McCOY* andY. MART .. 

• Lamont-Doherty Geological Observatory, Palisades, NY 10964 (U.S.A.) 
•• National Institute of Oceanography, IOLR, 31080 Haifa (Israel) 

The Eratosthenes Seamount is second to the Mediterranean Ridge as the 
most prominent physiographic feature in the eastern Mediterranean. The 
seamount is separated from adjacent structures such as the Nile Cone, the 
Levant Basin and Cyprus by a deep moat along its circumference. It is a 
simply folded, pre-Messinian structure, and as such bears sedimentary and 
structural evidence to the geological events that affected the eastern 
Mediterranean during the last 7 million years. We presume that due to its 
unique structural position and history, a thin but complete late Tertiary 
and Quaternary sedimentary sequence can be obtained from the Eratosthenes. 
This obtainable sequence would probably record the marine depositional 
environments of the eastern Mediterranean during the desiccation and the 
subsequent rejuvenation of the sea in the Mio-Pliocene transition period 
and during the various glacial period and the associated deposition of 
sapr-opels. The Eratosthenes Seamount would also bear evidence for the 
tectonic collision events along the Cyprean Ar-c and tll,eir- dating. The 
collision between Eratosthenes Seamount and Cypr-us pr-eceded the tectonic 
collision along the Hellenic Arc. Since the Eratosthenes collision was not 
affected by subsequent halokinetic pr-ocesses, details of the Afr-o-Eur-opean 
tectonic collision could be encountered and inter-pr-eted. Bore~oles of the 
Ocean Dr-illing Pr-ogr-am on the Er-atosthenes seamount and its envir-onment 
would illuminate the major- geological pr-oblems of the easter-n 
Mediterr-anean, namely, 
- Plate tectonic regime in the eastern Mediter-r-anean 
- Early stages of conver-gence and collision pr-ocesses 
- Pr-e-Messinian sedimentar-y history and paleoceanography of the eastern 
Mediter-ranean 
- Messinian and Plio-Quaternar-y sedimentology, geochemistry, 
paleoclimatology and paleoceanography 
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The Mediterranean : 

a deep-sea archive for global changes in sea level 

Judith A. McKENZIE 

Geological Institute, ETH-Zentrum, 8092 ZOrich (Switzerland) 

Eustatic sea level fluctuations manifest themselves differently in different 
depostional environments. For example, late Miocene/early Pliocene fluctuations 
have been extensively documented in the Mediterranean by lithologic (and 
biostratigraphic) changes recorded in numerous land sections, as well as in deep sea 
cores from three drilling legs (DSDP Legs 13 & 42 and ODP Leg 107). These 
lithologic changes resulted from a drastic restriction of the inflow of sea water at the 
western Mediterranean's connection to the Atlantic Ocean. 

Earlier in the Miocene, the Mediterranean had already lost its eastern connection to 
the Indian Ocean, which probably terminated global circum-equatorial tropical 
circulation. With this closure, the Mediterranean was now essentially located on the 
western side of a continent with a subsequent climate change towards increasing 
aridity. As the modern Mediterranean is an important source of dense water with its 
opening to the Atlantic, it is proposed that the onset of similar restricted 
oceanographic/climatic conditions in the Miocene had significant global effects. The 
exact correlation of paleoceanographic events in the Mediterranean with other 
records of Miocene sea level change, particularly those derived from oxygen isotope 
stratigraphy in the open oceans and sequence stratigraphy on the contintental 
margins, would allow for an evaluation of the causes and consequences of these 
proposed global effects. Therefore, future ocean drilling in the eastern 
Mediterranean is proposed to recover a complete Miocene to Oligocene sequence in 
order to evaluate the relationship between global sea level changes and Mediterranean 
paleoceanography. 

Correlation of sea-level events, as recorded in the sedimentary record of different 
basins, often proves difficult when magneto- and biostratigraphies fail or are not 
applicable. Strontium isotope stratigraphy is potentially an excellent method for 
correlating the open ocean record with problematic sequences, such as those 
deposited in restricted marine basins. For example, strontium isotopes have been 
used successfully to correlate Pliocene/Pleistocene pelagic sediments from ODP 
cores and land sequences in the Mediterranean Sea with cored sediments from DSDP 
sites in the open ocean. 1,2 With these correlations, it was possible to evaluate the 
response of the restricted Mediterranean, as manifested by lithologic changes, to late 
Miocene/early Pliocene sea level fluctuations, which are recorded as variations in 
the oxygen isotope stratigraphy from the open ocean sites.1 Although the theoretical 
stratigraphic resolution of the technique for the period 6-4 Ma is 0.23 m.y., the 
practical resolution was estimated to be 0.3-0.5 m.y. It is proposed that 
paleoceanographic events recorded in deep sea sediments of the eastern 
Mediterranean could be correlated with globally recorded Miocene sea level 
fluctuations with the aid of conventional magneto- and biostratigraphy, as well as 
strontium isotope stratigraphy. This proposed correlation could thus be used to 
evaluate the influence of major changes in ocean circulation patterns on climatically 
induced eustatic sea level changes. 

1McKenzie, J.A., Hodell, D.A., Mueller, P.A., and Mueller, D.W., 1988. Application 
of strontium isotopes to late Miocene-early Pliocene stratigraphy, Geology, 
submitted. 

2McKenzie, J.A., Palmer, S.C. and Mueller, P.A., 1988. Strontium isotope 
stratigraphy of the Piocene-Pieistocene "deep-sea type section" at ODP Site 
653, Proc. ODP, Sci. Results, 107: College Station, TX (Ocean Drilling 

Program), submitted. 
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Mineralogy of Quaternary sand-size sediments from the 

Sea of Crete : Implication for provenance variability 
In active continental margins 

Giovanni MEZZADRI and Emilio SACCANI 

lstituto di Petrografia, Universita di Parma, Via delle Scienze, 43100 Parma (Italy) 

This study concerns 88 gravity core samples taken from 22 sampling points in the Sea of 
Crete (Bartole et al., 1983) and 25 samples collected along the coasts of Crete and Rhodes 
during the cruises AN Noroit (1980) and AN Bannock (1981). A mineralogical point
counting of both light and heavy minerals containing the sand-size fraction of these samples 
has been performed in order to infer the provenance of Quaternary turbidite sediments from 
the Sea of Crete. 

Light mineral analysis shows that sands from the Sea of Crete can be subdivided into 
two different groups (Valloni and Mezzadri, 1984): (1) Lithovolcanic sands (LV), characterized 
by plagioclase and volcanic rock fragments (mostly wind-blown ash); and (2) Quartzolithic 
sands (QL) composed mainly of quartz and various types of metamorphic and sedimentary 
rock fragments (Saccani, 1987). LV sands are confined to the central and the northern part of 
the basin, closer to the volcanic arc of the Cyclades. QL sands occur in the southern part of 
the basin, closer to the Peloponnesus-Crete-Rhodes ridge (outer ridge). QL sands ca be 
further subdivided, on the basis of lithic grains, into two sub-groups: Lithometamorphic
dominated .sands (Lm), in which metamorphic rock fragments are predominant; and 
Lithosedimentary-dominated sands (Ls), in which sedimentary rock fragments are prevalent. 
Lm and Ls sands occur in different portions of the basin depending on the composition of the 
closer source-area forming rocks. 
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0-mode factor analysis of heavy mineral data shows that 5 heavy mineral associations 
occur in the Southern Aegean area: 

(1) High pressure metamorphic assemblage (Gamet- Epidote- Chloritoid- Glaucophane 
) characterizing the western part of the basin behind the southern coasts of Peloponnesus 
(North Maleas basin). Provenance of these minerals is referred to the 

schists with Glaucophane outcropping in the Peloponnesus. 
(2) High pressure metamorphic - acid igneous assemblage (Green Hornblende- Apatite

Zircon - Sphene - Epidote - Glaucophane ) which is found in the branch of the basin behind 
the northwestern coasts of Crete (South Maleas basin). Provenance is inferred to be from the 
terrains of the phillite series outcropping in Northwestern Crete. 

(3) Volcanic assemblage (Hyperstene - Augite ) affecting the northern and central part of 
the basin (Milos, lraklion, Kamilonisi and Karpathos basins). Provenance is from the volcanic 
arc of the Cyclades. 

(4) Low grade metamorphic assemblage (Epidote - Garnet -Amphiboles ) characterizing 
the sediments from Crete and from its northern slope and deriving from the metasedimentary 
terrains of Crete. 

(5) Meta-basic assemblage (Tremolite -Actinolite - Epidote - Spinel) affecting the 
sediments from Rhodes, its slope and from the branch of the basin close to the Karpathos
Rhodes part of the outer ridge (Karpathos basin). 

In conclusion, the two opposite margins of the Sea of Crete furnish to the basin quite 
distinct mineral assemblages. The different mineral associations descibed above are 
confined in individual sub-basins separated from each other by structural higs and plateaux 
(Bartole et al., 1983). Only in the eastern part of the basin volcanic-derived and metamorphic
derived sediments aHernate vertically, depending on the prevalence of volcanic over tectonic 
processes. 

. ~n important issue which rises from these data is that, during Quatenary, compositionally 
d1ffenng sedimentary sequences developed within the same plate tectonic setting. Moreover, 
Recicled-Orogen-derived sands with stable mineral associations abundantly occur in a 
volcanic plate tectonic setting. Thus. this study is !l_g_reat help in understanding sedimentation 
processes in modern and ancient sedimentary basins, especially along active continental 
margins. 
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The prePiiocene carbonate deposits 
at Leg 107 ODP - site 652 (Central Tyrrhenian Sea) 

sedimentary and deagenetic frameworks 

Catherine PIERRE* and Jean-Marie ROUCHY** 

• UPMC, Departement de Geologie Dynamique, 4 place Jussieu, 75252 Paris Cedex 05 (France) 
•• MNHN, Laboratoire de Geologie, 43 rue Buffon, 75005 Paris (France) 

fhe prePl10cene sediments recovered at ODP site 652 (central Tyrrhenian l consist of a barren 

533 m-thic¥. calcareous -dolomitic mudstones and siltstones sequence intercalated with thin 

iayers of nodular wpsum/anhydrite ,that have been interpreted to be lacustrine deposits of 

Messirri~n ~g.:> !Jpwards , the series passes into a 40 em-thick transitional interval of 

">'<'lrlColored clays and marls and then into Pliocene hemipelagic oozes . Petrography , bulk 

111ineralogy and oxyqen and carbon isotopes of the carbonate phases are used to characterize the 

sedimentary and diagenetic conditions in relation to the geodynamic context. 

The prePl1ocene sequence may be subdivided in two zones based on the mineralogy and stable 

1sotope composltion of the carbonate phases: 

In t!Je upper .zone ( 192 m -410 m), calcite is dominant and commonly associated with an 

assemblage of near-stoichiometric and Fe-rich dolomites . The o values of calcite are rather 

cc•nstant ( -4 S ±0.5 for 13o and -1.0±0.5 for 13c) indicating deposition from a large ana 

we11-mixerJ reservoir of continental water~ . The associated near-stroichiometric dolomite is 

enriched both in 18o and 13c with respect to calcite as expected for cogenetic minerals ; this 

dolomite fc•rmed from the same water as the calcite is thus considered as early diagenetic . 

In t!te lower zMe( 41 0 m to the bottom ) , dolomite becomes dominant relative to calcite and is 

the only carbonate phase in several intervals. The composition of these dolomites ranges from 

near stoichiometry to Fe- rich. Calcite present in the lower zone registers a maximum 2· I •• 

decrease of o 18o values while o 13c values are unchanged ; the iJ 18o variation is interpreted as 

the effect of burial diagenesis at a normal geothermal gradient of 3•c;1 00 m; therefore . the 

present-day thermal ilow was induced after deposition of the late Messinian sequence . The 

Fe-rich dolomite exhibits low o18o values (-6.94 to -2.17) and negative o13cvalues ( -2.64 

to -0.58 l which indicate respectively hotter and. more restricted conditions during a late 

diagenetJC event. The o l8o values show a rather regular upwards decreasing trend by 4.s·; •• at 

maximum ; this has to be the result of alteration from a geothermal gradient of 9•c; 100 m (or 

rnol'e in the case of modified 180-rich oore waters) . whicl1 is obviously post Messinian and 

related to the thermal subsidence of the basin. Furthermore , the o 18o evolution with depth of 

the Fe-1'ich dolomites indicates that the flow of dolomitization fluids became hotter when 

ascendmg progressively through the sediments. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 
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Disintegration of the carbonate platform in area of present Dinarides commenced 

in Paleogene-Middle Eocene. Flysch deposits sedimented in wider parts of its 

area. They indicated to more intensive uplifting of the relief. These tectonic move

ments presented the commence of the neotectonic period. The genesis of Dinaric 

Structures was pursued through a few phases during Upper Paleogene, Neogene and 

Quaternary. Simultaneously Adriatic basin was formed. Neotectonic movements 

were scrutinized by determination of lithofacial relationships, sedimentary conditions 

and paleostructural reconstruction. Constitutive result of that research is following, 

the present Adriatic platform is only one part of earlier carbonate platform. Uplift

ing of Dinarides was consequence of their displacement and underthrusting below 

Dinarides. Concomitant tectonic movements were not uniformed and as consequence 

of that, the disintegration of its parts was continued through further period. 

During last years the new data about tectonic movements were achieved by study

ing of geological structure by deep seismic sounding, geophysical prospecting and 

earthquake events, Key deep interfaces are following: basement of carbonate com

plex, levels of earthquake foci and Moho discontinuity. 

Results of researching indicate 3 relatively separated parts of Adriatic platform: 

northern, middle and southern. They have different intensity of displacement, ro

tation and underthrusting below Dinarides. On the basis of disposable data the 

mechanism of tectonic movements was supposed. Deep geological structure com

pared with adequate data on the surface. The most active tectonic zones - belts 

were separated and classificated. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

83 

G-I10 
Proposal of three deep drilling points 
in the oceanic crust of Tyrrhenian Sea 

CarloSAVELU 

Institute of Marine Geology, CNR, Via Zamboni 65, 40127 Bologna (Italy) 

Magmatic manifestations are a very dmportant tracer for the un

derstanding of the opening processes in marginal basins. The present 

proposals of deep drilling sites regard the areas floored by oceanic 

crust of Tyrrhenian sea, even though these ar~as are not the sole to 

exhibit interesting features for the investigation. 

Present knowledge ·of direct type on nature and evolution of Tyr-

rhenian oceanic crust is based on recovery and analyses of samples of 

products of different ,age. The deep igneous portions of the oceanic 

basement might represent. the initial manifestations of spreading in 

the Tyrrhenian bathyal plains, while the large number of volcanic re

liefs and seamounts there, might represent the intermediate and/or the 

final mani festattions of oceanic accretion. 

This oceanic crust has been drilled in three deep drilling sites 

located in the deep basin of Vavilov and in one located in the basin 

bordering the large volcanic seamount of Marsili. The drillings have 

shown that the ini.tial phases of the spreading processes rejuvenated 

moving from west to east, i.e. the Marsili basin is atleast 2 Ma youn

ger than the Vavilov basin. 

The deepest, true part of the oceanic igneous basement has been 

drillell in one point of the Vavilov basin (373A) and in one of the 

Marsili basin (650). Two different groups of age values of the basalts 

from s-ite 373A have been discussed: 7.3 (late Miocene) and 4.1 Ma (ea

rly Pliocene). It seems reasonable that only one of the two ages is 

the true age. Maybe the older one. The reasons of the discrepancy are 

to be searched in the presence of alteration in analyzed basalts, com

plicating the radiometric determinations, and in the poor recovery of 

the sediments overlying the drilled lava pile· which renders the bio

stratigraphic dating difficult: In this. case, particular care should 

be taken, as it has been in fcr'mer investigations, in the determination 

of the microfauna! assemblages present in carbonate veins crossing th~ basalt rocks. 

In the Vavilov basin, a drilling point is suggested in correspondance with the 

position of a ·positive magnetic "high" (AGIP map of the anomalies of residual magnetic 

field) to the SW of Vavilov volcano (with maximum intensity up to 45 nTl) and E-W 

elongated. 

The area of this magnetic anomaly is partially covered by Messi

nian evaporitic deposits which are thinning to the NE. The point should 

be sited at a selected pinch out of the Messiilian layers, so that there 

could be the advantage of obtaining, alone from the rock types drilled, 

an indication of the minimum age of the oceanic crust. 

It has to be expected that MORB type tholeiites of late Miocene age are dated 

·with large uncertainties, because of low K and young age, and it has to be reminded 

that probably·, only the K/Ar methods can be used. 

An other drilling point in the Vavilov basin is suggested in the 

area of the N-S trending positive magnetic anomaly (with intensity up 

to 65 nTl) paralleling the Vavilov volcano to the' west. This site· has 

the advantage of investigating wether this anomaly and 373A anomaly, 

roughly paralleling the volcano, are coeval or not. 

In the Marsili basin 'a drill p·oint is suggested on the centre of 

a positive magnetic anomaly (with intensity up to 60 nTl) sited to the 

ESE of Marsili volcano. The aim is to check wether it belongs to the 

Olduvai paleomagnetic event, like the anomaly of site 650, or not. 

It is important to answer this question because it provides evidence 

in favor or against the view point of Marsili volcano as axis of sprea-

ding. 

Aside from the age, the drilled igneous samples would represenl: 

very valuable material for petrochemical and geochemical analyses. 

These data should be evaluated to-gether with those obtained from the 

products of the seamounts. 

These proposals are the result of evaluations carried out with 

A. A. SCHREIDER of lOAN on R/V Vityaz and in Moscow during a visit of 

the writer there and an exchange between the Academy of Sciences of 

USSR and Italian CNR. 
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Plio-Pleistocene Paleoenvironmental changes 
recorded In the Tyrrhenian basin 

C. VERGNAUD-GRAZZINI 
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4 place Jussieu, 75230 Paris Cedex 05 (France) 

Stable isotope analysis of two species ( or groups) of planktonic foraminifers 

Globigerinoides ruber (and G. obliquus or G. obliquus extremus) and Globigerina bulloides 

(and G. falconensis or~, or G. calabra ) from DSDP Hole 653A and Sites 652 , 

654 and 650 in the Tyrrhenian basin, records the Plio-Pleistocene glacial history of the 

Northern Hemisphere . Events of 180 enrichment occurred at 3.1 , 2.4-2.2 ,1.6 and 0.8 

Ma. Changes in the Cl180 variability occurred at the same dates , but the most important 

changes are recorded in the Late Pleisrocene time, near 0.8 and 0.45 Ma .The overall 

increase in mean ()180 values is 1.7 °/oo for G bulloides and 1.5°/oo for G. ruber. Half 

increase results from the inception of dryness on the Mediterranean basin . The interval 

between 3.1 and 2.2 Ma appears as the more significant for the evolution of the 

Mediterranean water budget and may have corresponded to the onset of a permanent 

Mediterranean outflow. From 2.4 Ma onwards, the Mediterranean acted as an amplifier of 

the global climatic signals. 13C global events are well recorded at 3.2-3.1 Ma, 2.4-2.2 Ma 

,1.7-1.5 Ma and in the Late Pleistocene glacial-interglacial. oscillations . In the Late 

Pliocene-Early Pleistocene ( 2.2 -1.65 Ma , however, Cl13C values of the }:C02 display a 

long positive excursion , in opposition with the global trend , which is clearly related to the 

local hydrology and climate evolution . At 1 ast, a significant modification either in the 

water masses structure or in the pattern of exchanges with adjacent basins , occurred in th~ 

mid-Pleistocene : in the Early Pleistocene the pycnocline may have been more pronounced 

than in the Late Pleistocene and the present day in the Tyrrhenian Sea . 
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Le detroit de Gibraltar et Ia mer d'Aiboran : 

evidence micropaleontologique et sedimentaire 
de Ia fertilisation d'eaux de surface 

G.MATEU 

Institute Espatiol de Oceanogralia, Laboratorio Oceanogralico de Baleares (Espana) 

Il y a 17 ans que nous avons releve une remarquable concentration 
de Foraminiferes planctoniques dans les sediments hemi-pelagi tiques et 
eupelagi tiques de le plateau et de le talus continentales du NW. de la 
Mer d 'Alboran (Yedi terranee occidentale) (Hateu 1971), que la pari tion 
des recents etudes sur la fertilite de la zone (Minas et al. 1984) nous 
a perm is de met~re en relaticn a·,·ec la couche ascendante d' eau atl2.Ilti-

riche en elements nutritifS. e.t le m€.l.ange vert:ical dans le tcurbi 
anticyclonique de la Me!' d 'Alborar. 'Car,o h!cayo l?Cf). -

Tenent compte d€s e::.;p€ces pla..--..c-tcr..iques dcminantes (Orbulina uni-

:-':~!:~~· ~!.<;~<;!:<;:!:~!!.~ ~!:!:~:!:~· ~!~~~~~!:!.~~ ~~!!<;!~~~ y ~!~~~!:~!~E~-!!:~= 
£§.~~!:.!..~~!~~~) il es posible d'affirmer ce qui suit: 

1. Il s' agi t d' un phenomene de production planctonique et d' accu 
mulation sedimentaire qui trouve ses origines dans le temps -
posterieurs a la derriere glatiation (18.000 a. B.P.) puisque 
!!~~!1;!~~~9,':'.~~!:!.~~ !?.~'O~l!:~~!:~§l: a perdu sa representation wurmie~ 
se dans cette zone 1a . 

2. Les eaux atlantiques injectees dans le NW. d' Alboran con tie -
nnent des foraminiferes planctoniques subartiques (G.bulloides) 
de la zone transi tionelle nord-atlantique (G. inflata);;t-d;;-i;;
province subt;:-opicale atlantique (o:universa, -;;t-G-:-truncatuli 
no ides) • Toutes ces esp€ces, generaie;;nt-de relati~~-ba~s;
Sflli;;i te, on doi t lcs mettre en rapport avec le "Canary cu -
rrent assemblage" (Mateu 1979) qui longea,t le littoral iberi 
que poursui t sa route vers la marge continentale marocaine,
filtrant vers la Mediterranee des formes nord-atlantiques. 

Fig. 1. Detroit d~ Gibraltar et Mer d'Alboran: Repartition de la Chro -
phylle et les ni trats et phosphats dan le couche epi-mesopelagi 
que (!hnas et al. 1984) comparees avec 1 'accumulation des fora: 
miniferes planctoniques dans les sediments de la zone. 

3. Il existe· une remarquable coincidence entre les niveaux epi
mesopelagiques con tenant un maximun d 'elements nut;,.i tifs, et 
les plus eleves indices plancton/benthos observes dans les 
sediments de la zone. 

\ 
Precise:r.ent 1 'abondance et le caractere mesopelagique de G. 
~!:!~l:.i!• avec son gradient de densi tes, la sib.Jent dans le 
montant d'eau dont le melange vertical hivernal conditionne 
la fertilisation ci-dessus mentionee. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 



G-II2 
Crustal thickening and thinning 

in double-convergence conditions 
the tectonic evolution of the Alboran crustal domain 

V. GARCIA-DUENAS*, J.C. BALANYA* and GEMA** 

• lnst. And. Geologia Mediterranea, C.S.I.C., Universidad, Granada (Spain) 
•• Grupo Estudio del Mar de Alboran (V. GARCIA-DUENAS, M.C. COMAS, M. ESTERAS, 

A. MALDONADO and A.G. MEGIAS), Spanish Consortium for ODP (Spain) 

In the Alboran Basin, Neogene and Quaternary sedimentary 

sequences of variable thickness overlay a continental basement, 

25-12 km thick. 

Most of this basement belongs to the Alboran Domain, a 
preMiocene crustal segment made-up by a polyphase nappe-pile of 
Alpine age, the nappe-pile consisting of the main internal 
complexes of the Betic-Rifian orogen. 

The Alboran Domain overthrusted westwards on both Southiberian 
and Maghribian crustal domains in the Miocene, through the 
Gibraltar crustal Thrust. The estimate relativ~ displacement of 

the Alboran Domain is consistent with the coeval North Atlantic 
spreading. A North-South convergence between Iberia and Africa 

happened at the same time. 

During the later stages of this "double convergence" process, 
extensional displacement ocurred, which strongly thinned the 

Alboran continental wedge before the Tortonian. Large-scale folds 

and subsequent transcurrent and extensional post-Tortonian 
faults determined the physiography of the Alboran Sea and the 

Bay of Cadiz. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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G-II3 
Submarine valleys In the continental margin of Murcia 

(Spain, Western Mediterranean) 
an area where Arlsteys antennatys Is captured 

Victor DIAZ DEL RIO• and Julio MAS .. 

• Centro Oceanograflco de Fuenglrola, Apartado 285, Fuenglrola 29640 (Spain) 
•• Centro Oceanograflco de Mar Menor, Apartado 22, San Petro del Plnatar 30740 (Spain) 

Fro• the analysis of a seisllic-reflection profiles and sediment samples, it 
has been possible to study the distribution of the sedimentary textures, as 
well as the 110rphology of the shelf and the continental slope. 

The geological structure of the •rgin have a control role in the 
sedi.antary distribution and its 110rphology. The shelf-break is cl068 to 
the shore, and it's very abrupt. 

In the continental slope are placed a group of sub•rine valleys .. They have 
a sedi-ntary origin, but only eo• of thea are located in the direction of 
the •in faults. 

The sedi•nts foratng the •rgin are •inly argillaceous, and have a 
PlioQuaternary age. 

In this area, there is a hight fishering activity in Ar1steus Antenllatus. 

Actually, we are studing so• especies with a fishering interest. In this 
paper we present the relation existence between total bio•se and the 
nature and 110rphology of the sea floor. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

• 



I 

G-II4 

Mazarron escarpment : an lnestable slope composed 
by Plloquaternarles Sedimentary Units {Murcia, Spain) 

Victor DIAZ DEL RIO and Jorge REV 

Centro OceanografiCO de Fuengirdla, lnstituto Espanol de Oceanografia, 
Cl Muelle Pesquero sin, Apartado 285, 29640 Fuengirola (Espana) 

The J{azarron escarpment itself, constitutes the geological border between 
continental shelf-slope and the abyssal plain in the eastern Alboran basin, 
being part of the iberian margin in the province of llurcia. From a broader 
perspective it is considered as the extension to the SW of the Emile Baudot 
Escarpment. 

It still corresponds to the limit southward of the threshold linking the 
Betic Range and the Balearic Promotory. 

The surveyed area in the continental margin of Spain, is located arround 
J{azarron place, in a depth between 0 and 2500 metres. 

This margin belong to a passive type and is extremely steep along the 
J{azarron and Emile Baudot escarpment. The sedimentary cover, mainly 
Plioquaternary in age, is fully variable in thickness. It's covering a high 
tectoni zed substratum <Betic Range) that outcrops close to "Cabo de Palos". 

From the sedimentary point of view, can be included in a abrupt-type, 
characterized by a narrow shelf with some irregular! ties produced by the 
proximity of the basement to the bottom, where the sedimentary factor has 
not exceed the tectonic one.·. The morphology of the slope is dominated by 
elongated reliefs <convex downslope) as a "tongue-shaped" sedimentary 
bodies. Those units are independiced one to the other, and are separated by 
submarine valleys -eventually deep-, wrich ocasionally are coincident with 
faults in a llW-SE direction <or close to it). 

The sediments forming the margin are mainly argillaceous with calcareous 
beds, deposited in prograding series, getting thicker with the solpe. Those 
sediments are extremelly unstables and soft, and its plastic! ty help the 
slumping. 
On base of seismic-reflection ·profiles <Sparker 7500 joules and 1000 
joules), has been possible to stablish a structural-tectonic outline of the 
area. The margin is afected by numerous faults in a E-W to lli!E-SSW and 
ll'il-SE directions. 
Succesi ve evolution stages of the continental margin along the lleogene 
period, have produced the replayment of the anciant faults, due to 
alternation in the distensive regi:.e and the compresi ve one. In 
consequence, the lii!I.SS transport is triggered by the neotectonic activity. 

According to some tectonic evolution theorys about passive margins, it's 
easy to explain the present morphology of the margin in the area, where the 
deposition is produced under a distensive regime followed of a compresive 
one. 

biSTflfSIOff !""'";~~~~~ 
.....___ _____ ~,__~ 
Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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G-Ils 

Red Algae sediments In the Balearic Shelf 

J.J. FORNOS*, E. BALLESTEROS**, C. MASSUTI* and A. RODRIGUEZ-PEREA* 

• Departamento de Ciencies de Ia Terra, Universitad de Illes Balears {Spain) 
•• lnstitut de Estudis Avant;:ats de Blanes, CSIC, Blanes. Girona {Spain) 

The Balearic Shelf is an open marine shelf that ranges in width 
from 9 km in the north of Menorca to 55 km aroud Cabrera Is. Water 
temperatures at 5 m depth fluctuate from 12oC in winter to 27oC in 
summer. The absence of great terrigenous influx and the nutrient 
depleted waters make this shelf very clear to the light. 

Sedimentation is mainly of biogenic origin (93%) and the 
lithoclasts (7%) are locally concentrated in littoral areas near the 
mouths of the rushing streams. Biogenic composition is formed by red 
algae (50%), molluscans (15%), foramminifers (6%) and briozoan (5%) 
fragments. 

Productive communities like Posidonia oceanica and maerl are the 
main responsible for the biogenic composition. Second order productive 
communi ties· are platform coralligenous, coralligenous on hard rock, 
photophilic.algae, Vidalia volubilis, Cymodocea nodosa, Caulerpa 
prolifera. Productive communities and biogenic facies are closely 
related and so is their spacial distribution. 

One of the most characteristic facies of the Balearic Shelf is 
originated by maerl communi ties. Principal components of the algal 
gravel facies are red algae fragments (60%) but bivalves, gasteropods, 
briozoan, foraminifera and crustacea fragments are also present. 
Textural parameters qualify this sediments as grainstones although 
locally rudstones are present. 

Algal gravel facies are usually present at depths greather than 
40 m and even reach 90 m deep. This range agrees with maerl community 
depths. Some carbonate productive species from maerl have been 
recognized in .the sediment and some others have not. 

Species that form the basal stage of maerl are among others: 
Phymatoli thon calcareum, Li thothamnion corallioides, Li thothamnion 
valens, Peyssonnelia ros-marina, Lithothamium crispatum, Lithothamnium 
fruticulosum, Mesophyllum lichenoides, Li thophyllum expansum. 

From those we have recognized in the sediment fragments of: 
Phymatolithon calcareum, Lithotamnium corallioides, Lithotamnium 
valens, Peyssonnelia rosa-marina, Lithotamnium fruticulosum, 
Li thophyllum expansum, Mesophyllum lichenoides. 

An explanation for this disagreement can be found in the 
biological structure of some carbonate crystall arrangements which are 
not present in the unrecognized species. 

Species distribution in sediments seem to be fortuituous though a 
depth influence is suitable. Algal gravel facies form growth patches 
over the sea bed where small mounds with bafflestone textures are 
found. These mounds are built up by the branching growth of red algae. 

From the several areas that have been studied in the Balearic 
Shelf ( Pollen<;:a Bay, Campos-Cabrera zone, and South Menorca shelf) the 
first two are dominated by corallinaceous species while the South 
Menorca Shelf is characterized by a great presence of 
peyssonneliaceae, especially in the deepest zones. 

Apart from this distribution pathern mainly related with depth we 
have found other red algae sediments related with other processes. · 

Posidonia oceanica meadows are also rich in algal gravel 
sediments as well as some places from the infralittoral environment. 
These localities are placed on irregular coastlines, rather. exposed to 
the wave action and with very shallow water. The red algae that have 
been found · in these areas are characterized by branching rodoli tes 
(more than 16 em in diameter) that are usually atached to a hard 
substratum or placed in mobil sands that fill morphological traps. 

This work has been supported by CAICYT Project no. 3210/83. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 



G-II6 
A seismic experiment In the Gulf of Valencia 

E. BANDA*, J. DANOBElTIA*, F. EGLOFF"*, J. MAKRIS** and A. MALDONADO*** 

• lnslltuto de Geologia, Jaime Almera, Barcelona (Spain) 
•• Institute of Geophysics, Hamburg University, Hamburg (Federal Republic of Germany) 

••• lnstitut de Ciencies del Mar, Barcelona (Spain) 

Within the frame of cooperation on marine sciences between 
the Universities of Hamburg and Barcelona a seismic experiment 
was performed in August 1988 in the Gulf of Valencia. The 
seismic energy was generated by small and large shots placed 
at 1000 m spacing along two lines. The onshore-offshore 
observations were performed by 110 three component, mobile 
and automatic operating stations of the-LOB~-Type and 30 CBS
stations that were deployed at sea. Both seismic lines exceed 
200 km in length and were oriented parallel to the Valencia 

Trough, from Mallorca to Valencia and perparticular to it, 
from Mallorca to Barcelona. The length of the lines and 
the optimized shots at sea permitted efficient propagation 
of the seismic energy over large epicentral distances and 
thus deep penetration in the crust and upper mantle. The aims 

of this experiment are: 
- to obtain the nature and thickness of the crust in the trough, 

- to obtain the thickness and seismic structure of the 

sedimentary sequence in the Trough, 
- to study the development of the passive margins and optain 

their geometry and relation to the Trough, 
- to deliniate deep structures and understand the processes 

that have causedthe rifting of the Valencia Trough and 

finally, 
- to establish the amount of oceanisat!on of the Trough 

if stretching was severe enough to disrupt the continental 

crust. 
First results will be presented and discussed. 

~app. Comm. int. Mer Medit., 31, 2 (1988). 

G-II7 
Niveaux marins et cllmats quaternaires 

du Bane des Blauquleres (sud-est de Ia France) 

F.POYDENOT 

Equipe de Sedimentologie, Centre Oceanologique de Marseille-luminy, 
13288 Marseille Cedex 9 (France) 

Le Bane des Blauquieres ccnstitue le plateau continental du Sud de La Ciotat. 
Les releves sismiques (3,5 KHz) mettent en evidence une successic:n de n?flecteurs 
individualisant trois unites lithologiques echantillcnnees par carottages :. une 
profondeur de 130m ( t ig .1 J. Les trois carottes torment une serie stratigraphique 
wUrmienne disc0'1tinue ; en observe successivemen.t du bas vers le haut : 

- un sable :0 algues calcaires ( L.ithdthanniUAJ sp.) (carotte CD30). 
- une surface d • erosicn. 
- une vase sableuse avec 70'1. de fraction tine (carotte CD29J. 
- un retlecteur marquant une discontinuite. 
- un sable vaseux avec 20'/. de fracticn fine (carotte CD29). 

Ces trois unites sont erodees par Ia surface du fond actuel. Le Foramini tere 
Parom.3l.ina coronata, present au SO<Mlet de la serie (CD29), indique 1· absence de 
sediments A:::tuel et Post-Glaciaire. 

L'analyse factorielle des correspcndances rea!isee sUr- !'ensemble des comptages 
des Foraminiferes (fig.2) montre un ettet Guttman entre les axes I et II. L'axe I 
represente la granulometrie de la fraction tine et la temperature, et 1 ·axe II la 
granu!ometrie deS bicx:Jastes. Les Foraminif<kes sent classes en cinq groupes : 

- especes infralittorales Ir.F (de 0 a -50m envircnl. 
" circalittorales CIR (de -50 a -150m). 

de vases profondes VB (>-150m). 
a large repartition bathymetrique L.RB. 
pelagiques PEL. 

Le nuage de point s'organise en diagram-ne triangulaire suivant la granulometrie et 
Jes biocenoses avec : un p6le infralittoral sableux (CD30), un p6le circalittoral 
sableux (detritique c8tier) (CD26l et un p6le cin:alittoral vaseux (detritique du 
large) (CD29). 

Pour diminuer 1' influence de la granulometrie, une analyse factorielle des 
correspcndances est realisee sur ces cinq groupes (fig.3). L'axe I (801. d'inertie) 
correspcnd a la bathymetrie, Jes scores (abscisses) sur cet axe sent consideres ccxm-e 
represent.atifs de la paleobathymetrie, ils sent ramenes a une echelle de profondeur 
basee sur l'etagement des biocenoses. A titre d'hypothese de travail on peut proposer 
la repartitic:n suivante : 

- CD30 a limite superieure du circalittoral soit vers -50m. 
- CD29 dans le circalittoral inftkieur (detritique du large), soit vers -130m 

(profcndeur de prelevement de Ia carotte). 
- CD28 dans le circalittoral superieur (detritique cotier) vers -eom. 

Ces dc:nnees permettent de determiner les niveaux marins pcur chaque carotte en 
fonction de la profcndeur de prelevement. 

Les Foramini teres pelagiques permettent d' estimer les variations climatiques 
soit : un clima.t "tempere froid" pour la carotte CD30 et un clima.t "froid" pour Jes 
carottes CD28 et CD29 (fig .4). 

Pour canparer les courbes du niveau de la mer et du climat, les unites sent 
h:m:lgeneisees : J'Actuel est pris ccmne origine et le maxiiT'U!!I de regressic:n du ..Urm:. 
lEP:lO AB" , d'environ -lOOm, correspc:nd au clima.t le plus froid auquel en attribue 
egalement la valeur ioo (tig.4). 

La theorie glacio-eustatique de Daly suppose une parfai te correlation entre 
climats et niveau)( marins, c'est-a-dire qu'un niveau regressif correspcnd a un climat 
froid. Les resul tats des carottes sent en contradicticn avec cette theorie ; en 
ettet, le niveau regressif {8030) correspcnd a un climat chaud et inversement (CD29 
et CD28). L ·important decal age entre les deux courbes peut avoir plusieurs origines : 

- si cet ecart correspond a une realite, les carottes CD29 et CD28 montrent une 
tendance transgressive liee a un clima.t froid, cela indiquerait une l=)ersistance des 
faunes pelagiques due a l'inertie thermique des masses d'eaux. En suivant ce 
raiscnnement Ia carotte CD30 serait en periode regressive. 

- si ce dec:alage est dG a la nett-odologie employee, il pose le problene de la 
representativite des especes vis-a-vis des paleoenvironnements CTAVIIWI, 1987). D'une 
part, les bicx:enoses ant une large repartition spatiale alors que l'echantillon d'une 
carotte est tres pcnctuel, par exemple Hr:Jeglund.ina elegans est 1· espece rencontree la 
plus profcnde or, elle se trouve dans le niveau le plus haut (CD29 274) de la carotte 
CD29. Les limites des biocenoses sent extrapolees dans les paleoenvironnements sans 
tenir canpte de leurs variations qui sent fcnctic:n des conditions du milieu et non de 
Ia bathymetrie. D' autre part, la nett-ode de determination des climats par les 
Foraminiferes pelagiques est employee avec succes dans les sediments profcnds 
integrant toute la colc:nne d'eau, alors qu'en milieu littoral on ne trouve que Jes 
especes epipelagiques qui sent les plus "chaudes". Par ail leurs, 1· absence de 
sediments A:::tuel ou Post-Glaciaire n· a pas permis de recaler les deux · courbes de 
maniere prtkise le long de cette serie disccntinue. 

Ces deux nett-odes donnent des rl!sul tats interessants mais doivent etre utili sees 
avec prudence pour determiner les paleoenvironnements quaternaires en I' absence de 
datation absolue. 

fiQ.l 1 Situatim des carottages. 
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fiQ.2 1 A1alyse factorielle des correspcn
dances sur !'ensemble des Foraminiftt!res. 

fiQ.::S : l'nalyse factorielle des 
correspcndances sur les cinq 
groupes de Foraminiteres. 
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fiQ.4 1 Niveaux marins (-) et 
climats (·--) estimes dans les carottes. 

TAVIPt>II M., 1987. Core macrobenthos paleoecology and the recmstruction of she! f
slope paleoenvironments: a discussion. Coll. intern. OcE>anol., Po.rpignan, C.l.£.5.11. 
: 31-::Sl. 
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G-Illl 
Etude prellmlnalre de realisation 

d'un systeme-expert en sedimentologie marine 
un modele de prototype sur Ia mer Medlterranee 

B.ALBADRAN 

Geochimie et Geologie Analytique, UniversM de Nice, 06034 Nice Cedex (France} 

SUMMARY : Sedimentological, mineralogical, geotechnical, geochemical ... etc. analysis have been 
considered to obtain the fades, the ~ography, the climatology and the condition of deposition of 
the deep sea sedments.These facies and p!Jysiogaphies represent the kncNt1edge base of this system 
which can be modified or developed with the applications. 

lE MODELE PROPOSE: Cemcx!eleestca1Siitu6def<¥:iils~etde~ 
physiographiques, formant Ia base de connaissances. Les analyses physico-chimiques(donnees) 
formant,elles, Ia base de faits. 

LA BASE DE CONNAISSANCES: Dans une p-emiere l!lape,le syst001e nous conlirme rldentifica!ion du 
facies; celui-ci est pelagique,h9mipelagique, contouritique ou turbiditique(Bouma, 1962; Mutti et 
Ricci Lucchi, 1972; Maldonado et Stanley, 1978; Nelson et al., 1978; Piper, 1978; Mear, 1984) et 
m~me le fades c:Otier de haute 9'\ergie (houles et t~). Puis le systerne devra fltre capable de 
descerdre dans l'arbre de decision des fades en p-Scisant le type de sedimentation (i. e. : pour un 
facies Ia sectimentation peut ~e turbiditique silteuse, vaseuse ou biogene: Stow et at., 1984a). De 
plus Ia sequence peut ~e tronquee en haut ou en bas(Stow et al., 1984b) ou bien les deux a Ia fois. 
Dans une deuxieme etape,le systeme interprete Ia physiographie, c'est-8.- dire Ia nature du ford 
marin pour determiner si l'on se trouve en Mediterranee Orientale(Maldonado et Stanley, 1978) 
avec ses sequences sedimentaires, sur un plateau continental, sur une pente continentale, dans un 
bassin profond oll les sediments ne presentent plus de structures sedimentaires("unifites": 
Stanley, 1981 )comma c'est le cas de Ia partie ouest de Ia mer d' Alboran, du bassin de Gozo dans Ia 
fosse de Corse en Mediterranee occidentale et des fosses H9119niques en Mediterranee orientale, ou 
bien si l'on se trouve pres d'un regime deltaTque(chenal ou levee d'eventail superieur, lobe du 
suprafan d'eventail moyen, bordure d'eventail ou plaine abyssale). On considere les mooeles 
proposes par Mutti et Rucci Lucchi,1972,1975; Normark,1978; Walker,1978. 

LA BASE DE FAITS: Ce!te base estform9ede rensembledes da'lrl9esq..~'on peut obtenirsur un 
sediment( en s9dimentologie,mineralogie,g00chimie,g9otechnique,g9ochimie isotopique et 
paleontologie). Elle doit integrer les caracteres qualitatifs produits par !'observation visuelle : 
couleur et presence des structures sedimentaires. La premiere question pos9e par le syst9me est Ia 
couleur a choisir parmi une palette predefinie(beige, gris, gris-vert, oxyd9, gris a ~ches noires, 
noir ... ect). La deuxieme question concerne Ia structure sedimentaire ou figures de sedimentation 
pouvant ~re identifiees (laminations entrecroisees ou horizontales, stratifications entrecroisees ou 
horizontales, debris flow ... etc). Puis le systeme contlnuera de poser ses questions de Ia m~me 
maniere, le plus pr9cisement possible, en proposant toutes les possibilites de reponses; il suffit de 
choisir le cas le plus proche de !'observation a traiter; dans le cas des donnees manq..Iantes, on passe 
a Ia question suivante en ignorant Ia question. Le systerne traite les donnees au fur eta mesure qu'on 
les rentre et les garde dans une memoire qu'on appelle "Ia memoire de travaH"; a Ia fin de Ia 
rentree des cloml!es, on passe a Ia p11ase d'execution oo 1e moteur d"lllfllrence commande Ia mise en 
oeuvre des actions definies par les regles. 
Pour quelques donnees(g9otechniques, g9ochimiques et paleontologiques), II serait pr~erable 
d'utiliser un moteur d'inference interactif, c'est,a- dire utilisable sur des interpretations en cours 
d'analyse; le systeme doit alors ~e capable de poser des questions complementaires s11 manque des 
donnees ou de demander des precisions a partir desquelles il suggerera des interpretations qui 
n'existent pas dans ses buts. Ces interpretations"complementalres" peuvent ~re tres utnes pour 
mieux comprendre le milieu analyse. 
Oueiques donnees brutes doivent ~e traitees avant d'entrer dans le systeme. II faut done traiter ces 
donnees avant de les integrer a Ia base des fails en appetant des programmes sp9cifiques. Par 
example on appellera un programme qui calcule l,rdice d'evolution "n" a partir de Ia courbe 
granulometrique cumulative; 1es valeurs de "n" sont les seules "comprises" par le systeme, c'est
a- dire prises en compte dans !'activation des regles qui ont l'indice d'evolution dans leurs 
antecedents. Comma autre example, on appellera un programme qui calcule recart type des teneurs 
chimiques a partir desquelles le systerne confirme l'etat de sedimentation~ ou h9terog?ine). 

~ 
Bouma A. H., 1962- Sedimentology of some flysch deposits: A graphic approach to fades 
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G-1112 
Sedimentation polllnlque dans des dep6ts recents 

devant !'embouchure du Grand Rh6ne 

Htrlllme LAVAL* et Fran~is FERNEX .. 

• Laboratoire de Palynologie, Faculttrl des Sciences, 13337 Marseille Cedex 13 (France} 
•• U.A. CNRS 725 ·rransferts de Matil}re•, laboratoire de G6odynamique Sous-Marine, 

06230 Villefranche-sur·Mer (France) 

La distribution du materiel depose dans Ia zone d'epanchement du Grand Rhone a ete 
etudiee dans le cadre du programme ECO.MED (Bizot;J et Burollet, 198~) •. II est appar~ ~ue 
certains traceurs sedimentaires tels les metaux se presentent dans les sed1ments super~1C1el~ 
selon des repartitions cartographiques diffE;rente.s. On no:e p~r exemple ·que les endro1ts ou 
les concentrations en nickel ou en Cr sont relattvement elevees ne sont pas les memes que 
ceux ou les concentrations en Pb ou en Zn sont elevees. Dans le but de pnfciser les, causes 
de cette diversite, d'autres parametres ont ete consideres, en, particulie: Ia freq~enc;e 
relative de divers pollens. En effet, !'analyse pollinique des sed1ments recents preleves 
devant !'embouchure du Rhone jusqu'a 20km de Ia cote (isobathe - lOOm) fournit des 
precisions sur !'influence des apports fluviatiles et des courants marins dans le transport et 
Ia sedimentation (Triat-Laval, 1984). 

Deux exemples, choisis dans les diagrammes polliniques realises, illustrent le trans-
port pollinique de Picea et de Phillyrea (fig. I et 2). 
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Fig.! et 2. Distributions verticales de Picea et de Phillyrea, exprimees en pourcentage par 
rapport au total des pollens comptes. 
Le nlveau ou le radio-element 137 Cs est le plus abondant est lndique. Les .ediments qul 
ont ete contamlnes par les apports relativement importants des anmies 1961-63 sont, du fait 
~;,;~ ~~~~):batlon, ceux des annees 1959 ou 1960-61, approxlmativement (v. Sadie et al., 

Le trait plein vertical repr<lsente Ia portion (superleure) des carottes qui • a fait !'objet de 
!'etude palynologique. En tirete, complement vers le bas ou le 137 Cs a encore ete dose (a 
!'aide d'un spectrometre Ge/Li du CEA-Toulon). 

Le premier taxon, Picea, est abondant dans les forets de Ia moyenne et haute vallee 
du R~one et absent ou rarea basse altitude, tandis que Phillyrea, arbuste mediterraneen, 
prosp~re dans les forets de chene vert et les garrigues des basses collines proven<;ales, les 
coustteres de Crau et en Camargue jusqu'au voisinage du littoral. 
PICEA. Dans les peuplements denses du Vercors, le pollen est faiblement represente 
(Triat-Laval, 1971). En milieu marin, ce pollen bi-aile est present dans les diagrammes 
polliniques avec des frequences qui atteignent 5% au debouche du Rhone et se reduisent 
ensuite notablement (fig.l). Ce modele de distribution met en evidence le role des apports 
fluviatiles et montre que les grains de pollen ont le comportement general des particules 
detritiques qui subissent un long transport fluviatile mais sedimentent rapidement pres de 
!'embouchure du Rhone. 
PHI~L YRE~ •. Dans l~s peuplements pro':'en<;aux, ce pollen spheroidal est faiblement repre
set;Jte. En mtlieu mann, le pollen est present dans tous les diagrammes polliniques avec des 
frequences faibles a !'embouchure mais. pouvant atteindre 5% a 30km ·au sud du delta 
(fig.2). 

Ces deux exemples illustrent, d'une part !'importance du transport fluviatile a longue 
distance, .d'autre part !'incidence sur la distribution du materiel pollinique des courants 
marins tels qu' ils ont ete precedemment reconnus dans cette zone par Pauc ( 1971), Aloisi et 
al. (1982), Added et al. (1981,). II se confirme que des tres faibles variations de densite ou 
de forme des materiels en suspension deverses par le Rhone determinent des differences 
dans Ia repartition cartographique de ces materiels (pollens, argiles, micas, ... ). 
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Black-shale facies as Indicator of global tectonics 

Forese-Carlo WEZEL 

lstituto dl Geologia, Universita, Via S. Chiara 27, 61029 Urbino (llalia) 

In the northern Apennines along the MaioUca Formation - Fucoidi MarZs 
boundary (Aptian) a significant change in the sedimentary and tectonic 
regimes occurs. This change is accompanied by marked signs of slope 
activation (slumps and debrites). 

From an older predominant limestone sequence one passes to an over
lying set of marly-calcareous formations with some vivid colours 
(Fucoidi MarLs and ScagLia). The change consists in the fact that from 
"pelagic" cherty limestones one goes towards more terrigenous and 
rhythmic sedimentation, triggered by the very beginning of tectonic 
movement, which is inferred to be a combination of basin subsidence 
and lateral compressional forces. 

Near the base of this younger marly-calcareous sequence, here 
considered early syndiastrophic, episodic bituminous shales occur, 
viz. in the upper part of the MaioZica, at the base or the Fucoidi Mar Zs 
(the 2 m-thick "Se Hi Leve Z" of Early Aptian) and in the Albian 
portion of the Fucoidi Marts. Their appearance indicates the start of a 
filling epoch preceding the orogenic compression paroxysm. In other 
words, they mark the onset of a regional (geosynclinal) subsidence 
under marine conditions, replacing the older rift phase, characterized 
by megabrecciation, rift subsidence and graben-like and half-graben 
depressions. 

The beginning, around the Aptian, of the Apennine basinal downwarp
ing is synchronous with important modifications on a global scale. In 
particular, it corresponds to a widespread phase of rapid regional 
subsidence and transgression of the majority of passive .continental 
margins and to the collapse of the "back-arc" region in the Alps (the 
so-called "Eo-Alpine lithospheric subduction" with the very-high
-pressure metamorphism). Evidence is also accumulating to indicate a 
concomitant marked Aptian-Albian phase of rapid subsidence on 
different separated cratonic basins. 

It is believed that these roughly synchronous subsidence histories 
are worldwide symptoms of a fundamental change in the regional stress 
field. This global acceleration of basin subsidence is postulated as 
occurring in response to the inception of compressional stresses of 
the lithosphere, due to a pulse of polar flattening. Thus, north-south 
lithospheric contraction and shortening produced the "swell-and-swale" 
geometry of alternating geanticlinal ridges and geosynclinal troughs. 
The latter, in the initial phase, are ch,racterized by black-shale 
deposition. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

89 

G-1114 
Les sediments blo-accumules des mattes 

de l'herbler a Posldonles. 
Essal de modellsatlon 

Jean-Joseph BLANC 

Faculte des Sciences de Marseille-Luminy, UA 41 du CNRS, 13288 Marseille Cedex 9 (France) 

De noabreuses sequences de de:pOt sent lilies il un processus llllr.ll:ovien 
c' est il dire il un ense:able DAturel coiiJIOM;ant des ele .. nts aleatoires et 
des effets previsibles dl!tend.nistes.Par ailieurs,s'applicant il des series 
cycliques au DOD, 1' aDAlyse de .llarkov peut t!tre util isl!e c~ un instru!Ent 
previsionnel. 

La presente application concerne l'evolution des .-ttes de 1 'llerbier 
a Posidonies (et1J89 1llfral1ttoral de la lfmliterranee),·.,ntrant des pheno.e
nes oscillants d'accretion et d'erosion.Le .-teriel piege par les rhiza.es 
de Posidonies est un SIJble b1o-clast1que ca.portant une fraction terril¢ne 
(25 a 50S>.La teneur en carboDIJtes peut depasser 60S tandis que la partie 
interne de la .-tte de-ure reduite (COT de 3 a 10S>.Ce sl!di-nt bio-a=u
Jialle a une vitesse rapide de-ure Mtero.etrique et per:Eable,riclle en eau, 
C02,SB2 et CB4.La .-tte fonctionne ~ UJJ •a=uJiallateur•doJJt le •vollUJt• 
sedi-JJtaire assure l'intearite du profil littoral. 

La procedure employee comprend les etapes suivantes: 
1 : definition des etats absorbants limitant le systeme. 
2 : definition des etats intermediaires assurant le fonctionnement du 

systeme. 
3. : les donnees d' observation sur les mattes actuelles constituent les 

•compteurs• du oodele.Elles permettent d'etablir la matrice des transitions 
<passagesldes etats exprimes en probabili tes. Cette derniere consti tue la 
base de depart ou periode 1. 

4 : l 'aD.IJlyse de Jrarkov per!Et de dMinir au cours du te.~~p> (sequence 
des peri odes successives) l'evolution probtlble du syste-, c'est a dire du 
sedi-nt bio-a=uJialle daDS les .-ttes.Au bout de JJ periodes,on peut aboutir 
a deuz trpes de possibilitlts: 

I : fltat d'flquilibre at obtention d'une -trice ezposant las occur
rences probables des co:.posants du systfl-, 

II : flquilibre DOD attaint at obtention d'un rflgi .. statiODDAire 
deveDAnt constant en fODCtion du tellpB (lcoulfl. 

La sflquence des esaais a portfl sur les situations sui vantes : 

1 : SBDI:IDT.lTIOJ' DGULIKD DB L.l :OTTK Al!OUTISS.lJT .l UI BDBIKR BI 
liQlJILIBD : 

• las etats absorbants de finis sent S=surface du sediment 11 bra initial 
(soullise b. la bioturbation): etat de dflpart, -et HP=matte d • un her bier stable 
ou etat Uul. 

• les etats intermediaires sont V=vi tesse de croissance des rhizomes de 
Posidonies:5 b. 52 IIDIIA<Boudouresque et Jeudy de Grissac,1983> et Ts=taux de 
sed1Dentat1on:0,2 b. 10 lllliiA. 

Le JIDdele atteint rapideJJent un etat d'equilibre 4 la periode 12 avec 
les probll.bilites de 0, 610 pour Set de 0, 389 pour HP. Des la peri ode 3,les 
etats Y et Ts,interdependants(lepidochronologie, JIDdalites d'enfouisse1118nt 
et de croiSSIJnce verticale),- JaJntrent des transitions presque nulles con
fir11111nt la stabilite du systeme. 
etat t::'\ 0,3 !':'\ 0,2 t::"":\ 0,2 fltat absorb 

final absorb. ~~ ~ ~ Ul ~ ~ ~ ~ ~ \[jl ~ ~ ~ ~ @ 
initial *' *' *' *' *' bioturbation 
bioturbation 0,2 0,2 0,1 

Les decouvertes archeologiques,releves cartographiques et l'analyse 
du re:.pliSSil.ge des II paves confirJJent les hypotheses 4 T=l 0 A au 25 A. Ainsi, 
lorsque les conditions sont favorables,les bio-accumllations evoluent rapi
deJJent. 

2 : IILililJX BlP(EJJS; JU.TTJIS BI COlJJIS D' DlEIOJ' BOUS-I.UIIK : 
Les nouveaux etats absorbants sont S <e. ini tiaD et E=erosion totale 

des herbiers a Posidonies<e. fiull,- ce qui correspond a un changement de 
type de fond au b. un nouveau cycle. 

Les etats interllll!diaires actifs sont V, Ts plus H: flux verticaux at 
horizontaux (U mar-courant orbitaire maximal au niveau du fond, U•=vitesse 
critique tangentielle ameunt le deplacement des particules>. Ces valeurs 
sont liees aux parallll!tres de la boule incidente par une regression lllll ti
ple dflpendant elle-DIAIIIII des impacts !Etflorologiques et microclimatiques. Les 
contraintes du systeme augmentent au fur et b. lllesure que s• accroi t le nom
bre des etats intermediaires.De ce fait,l'fltat d'equilibre n'est atteint 
qu' b. la pflriode 24 ou les probab11 i tfls de S et E sont respecti velllent de 
0,519 et 0,482. 

::~rb. 0,5 u·5 
. o./ t 0,3 e;~:a~bsorb. 

initial @*'*'*'f**'*'*' V ~ .......... ..: .......... @ ~~~~~~~~~*~([} 
bioturb. 0 "cf- ~~~~~~~~~~~ C7 

0,2 0,3 0,5 
0, 3-· ---+-~ 

Le JaJdele aboutit 4 un etat stable i111plicant 111 destruction du sedi
ment bio-accuJIUle tandis que se developpent de petits cycles lies 11ux JaJdll

lites hydrauliques et lepidochronologiques.Aux iles d'Hyeres et au Bruse, 
les observations pratiquees depuis trois decennies <epaves, fouilles-te11JDins 
et reperes) confirzaent une hypothese 4 T = 10 A. 

3 : Des systflms co..,lezes se dflveloppent loraqu• interviennent des condi 
-tions d'abri ezceptimmelleS aCCOJipllgllfles de philuoMnes de pollution. 

Les etats 11bsorbtlnts S et E sont conserves. Les et11ts intermedi11ires 
lmbituels sont augmentes de P=degre de pollution (ecllelle a 5 •pas• >agissant 
sur la vitesse de croissance des rhizozaes,lui-meJJe "pilote•par les f11cteurs 
hydrauliques (flux turbides).L'augJJentation des contraintes 11boutit 4 un 
rllgi.me stationnaire SIJns obtention d'equlibre jusqu'4 112 periode 25.Lill pro
bll.bilite de S atteint 0, 877 alors que la 11111tte peut etre detruite rllpide
.ment s11ns une forte erosion.Des la periode 18,les probllbilitlls de trllnsi
tions s'11verent pratiqueJJent nulles pour les autres l!t11ts. 

On notera enfin 1' existence de petits cycles lifts A la croissance des 
rhizoEs,aux illpllcts de la pollution ou A des tellp&tes A fortes probab111-
tes lorsqu'on considere una plus longue aerie cbroDOlogique. 

® *' 0,4 *' (j) ~ ~~ 0,4 <V .... 0,1 .... (!!) .... 0,1 .... ~ 
cr . r~:..~'T o,3 ~ ro.~., r:~:.~'J 

bioturbation eissance ~- "-.!./ ~tes 

't i 
0,4 
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Contribution a l'etude tectonique de Ia mer Llgure 

N. BETHOux·, P.Y. DELPECH', etC. EVA .. 

·Centre Scientifique de Monaco, 16 boulevard de Suisse, 98030 Monaco Cedex (Principaute de Monaco) 
•• lstituto Geofisico, Genova (ltalia) 

La multiplication des stations sismologiques et Ia 
generalisation des enregistrements magnetiques permettent 
d'obtenir des resultats beaucoup plus precis sur Ia sismicite d'une 
region et par consequent des renseignements complementaires sur Ia 
tectonique. 

Des sismogrammes synthetiques correspondant a des evenements 
de Ia mer Ligure et du sud des Alpes Occidentales ont ate calcules 
par Ia methode des nombres d'ondes discrets. Nous montrons qu'a 
partir d'une assez bonne connaissance de Ia structure de croute 
regionale, il est possible d'obtenir une meilleure precision de Ia 
profondeur du se"isme que par les methodes de localisations. Ainsi,au 
centre du bassin,les foyers des evenements etudies seraient soit 
dans le manteau soit a Ia base de Ia croute alors qu'au pied du talus, 
ils seraient en haut de Ia croute et nettement superficiels a Ia cote. 
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Axes de contrainte repertories en mer Ligure et dans les regions 
avoisinantes. 
-- Axes de Pression. 

-¥- Sations sismologiques. 
.A Seismes modelises. 

Nos nouveaux calculs de mecanismes au foyer completant ceux 
decrits dans Ia litterature montrent une reorientation des 
contraintes entre le domaine oceanique et Ia marge continentale. Un 
net regime de compression est observe dans le domaine le plus 
profond du bassin,ou les axes de Pression sont orientes N 
80-1 00 ;les decrochements respectivement dextres et senestres 
observes sur Ia marge et sur Ia cote presentent des axes de Pression 

N 160-180;ils sont interpretes comme !'expression d'un regime 
compressif global issu d'un racourcissement local N-S. 

Si nous cherchons a inclure ces differents etats de contrainte 
regionaux dans un ensemble plus vaste, nous constatons que Ia 
poussee qui s'exerce au niveau des Alpes occidentales peut .se 
decomposer en mouvements secondaires propres a chaque region. Le 
blocage de Ia plaque Apulo-Adriatique vers !'ouest contra les 
massifs cristallins externes suggere Ia creation d'un systeme de 
rotation complexe issu de cette poussee. 

Le regime compressif mis en evidence en mer figure,. ainsi que Ia 
concentration de Ia sismicite seraient dus a Ia situation particuliere 
de cette region, bloquee entre Ia zone d'influence du poinc;:onnement 
alpin et le systeme de chevauchement crustal stable· existant dans Ia 
region orientale du golfe de Genes-ile d'Eibe (suture Apenninique} . 
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Structural pattern of the Tuscan-Latlal 

continental shelf (Tyrrhenian Sea) 

R. BARTOLE• and S. CANGIOTTI 

• lstituto di Geologia, Universita, Via S. Chiara 27, 61069 Urbino (Italy) 

The shallow crustal structure and stratigraphy of the southern Tuscany -

northern Latium shelf, comprised between Elba island and Anzio, have been outlined 
on the basis of an old regional multifold seismic reflection survey. The calibra

tion of the Matilde-1 offshore drilling (Agip, 1977) and the correlation with on
shore wells and outcroppings (C.N.R., 1982), supported by data from the literature, 

made it possible the distinction of three main seismo-stratigraphic units along 

with their principal features. 

The upper unit characterized by continuous, generally undisturbed reflectors, 
is constituted by the post-orogenic sedimentary cover of upper Neogene-Quaternary 

age. This unit unconformably rests on an intermediate, or when absent, a basal unit, 

both constituted by the tectonized geologic units of the Northern andCentral Apen
nines. The intermediate unit corresponds to the Ligurids and Sicilids allochthonous 

complexes, while the basal unit may be attributed to the following geologic units: 

the Tuscan Nappe and/or the Tuscan Autochthon in the shelf sector north of the Tiber 
river mouth; the Umbra-Sabine units south of the same mouth. 

The tectonized substratum of the post-orogenic cover is characterized by numer
ous elongated, chiefly NW-SE trending depocenters, filled by sediments up to 1700 ms 

of d<?uble time. '_l'hese narrow basins alternate with areas of structural highs, which 
in most cases have been interpreted as compressive features. NW'-SE trends predomi

nate, but E-W and N-S grains are also present, the former beneath the Latial shelf, 
the latter beneath the Tuscan one. 

Many strike-slip faults, mostly of NE-SW (antiapenninic) trend, seem to cut the 
tectonized units, related to the differential tangential movements occurred during 

the compressive phases. Some of them are the prosecutions of onshore transcurrent 
lineaments described in the literature, such as the Grosseto-Val Marecchia line 

(auct.), or 1 ikely canst itute their minor branches. Others are new lineaments sepa

rating zones of different structural characters. Among these, two seem connected to 
sharp variations of the magnetic basement depth (Cassano et al., 1986), so they 

could represent the shallow expression of deep-seated features. The faults with trans
current characters are particularly frequent in the Tuscan portion of the shelf where 

they complicate the structur~l pattern and give rise to correlation problems • 
At least two main diastrophic phases are recognizable from the seismic sections: 

a former phase, attributable to the early Mi_ocene, is responsible for the last gravi

tational trarisport of the allochthonous complexes; a second phase, of compressional 

type and attributable to the middle-upper Miocene, strongly affected both the alloch

thonous sheets and their substratum, causing the upbuilding of many prominent fea

tures. A semiautochthonous sequence of local extension, comprised between the tecton

ized units and the post-orogenic cover, account for minor late orogenic compressive 

pulsations. 
The post-orogenic sedimentation filled up depressions mainly inherited from the 

previous diastrophic phases, so that little to no movement affects the neoautochthon
ous sediments. An exception is given by a N-S trending deep basin placed in the Elba 

- Argentario sector, whose origin is mostly due to an E-W stretching of the crust 

which probably took place in the Messinian. 

Two cycles compose the post-orogenic sequence: the lower one, made .up of 
parallel reflectors, is referable to the transgression that affected the western 
Tuscany and Latium during the lower Pliocene (Ambrosetti et al., 1978); the upper 

cycle, somewhere characterized by a remarkable progradational configuration, is 

linked to the middle Pliocene emersion of the same areas, which led to the con
struction of the present continental shelf. 
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Anomalous Pleistocene oceanographic conditions 

on the Eastern Tyrrhenian Margin 
reflected by faunistic and Isotopic records 
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Quantitative and qualitative studies of the benthic and 
planctic Foraminifera, of the Pterop::rla, of the fluctuations in 
the Oxygen and Carbon isotope composition in two taxa 
(Globigerina bulloides and UVigerina spp.) and ,.C dating, carried 
out in a 390 em long core from the eastern Tyrrenian ccntinental 
slope, at 660 m of depth, allow to define the sedimentary 
sequence of the last 26000 years and to postulate a past complex 
hydrographic regime in the area. . . . 

A drastic change in the assemblages of planctlc Foramm1fera 
is shown in the core at 100 em from the top.In the lower part 
boreal faunas, such as N.pachyderma, G.bulloides, G.quii'XII.leloba 
and G.scitula, are nearly the only species present and only 
between 140 and 260 em G.ex gr. ruber, together with G. 
dutertrei, occurs. 

In the UJ;Per part the above mentioned species decline and are 
replaced by varying percentages of tropical and sub-tropical 
forms such as G.ruber, G.trilobus, G.sacculifer, G.gomitulus, 
G.inflata, G.truncatulinoides, O.universa, Globigerinella and 
Hastigerina, G.calida and G.digitata. 

Benthic Foraminifera show a clear variation at 290 em from the 
top. Below this depth the assemblage is well diversified and 
Sphaeroidina bulloides and Uvigerina mediterranea are very 
frequent, whereas between 290 and 130 em the assemblage is 
dominated by Bolivina and Brizalina; from 130 em up to 40 em the 
most peculiar character is the high frequence of Gyroidinoides 
altiformis,and finally the upper part of the core is 
characterized by the highest percentages of Uvigerina 
medi terranea. 

A,B,C, zones of BUCCHERI & TORELLI 191}1 are present in the 
Pteropoda associations: in particular the C zone has been 
recognized below 100 em, the B zone between 100 and 40 em, and 
the A zone from 40 em up the top. The results of radiocarbon 
dating are as follows: 

31 - 33 em 
98 - 100 em 

138 - 140 em 
198 - 200 em 

5815 ± 120 y.B.P. 
17775 * 450 y.B.P. 
19900 ± 500 y.B.P. 
21060 ± 600 y.B.P. 

a, litology; Planctic Foraminifera: b, G. scitula; c, G. quinque
leba; d, G. ex gr. ruber; e, G. truncatulinoides- Benthic· Fora
minifera: f, u. mediterranea; g. Bolivina and Brizalina; h, 
Gyroidinoides altiformis - i, <l"O G. bulloides and Uvigerina 
spp.;l,b'~ G. bulloides; m,at Uvigerina spp.- n, Paleoclimatic 
curve - o, Pteropods. 

Isotopic stages of Emiliani 1955, based on analysis of the oxygen 
composition in G. bulloides and Uvigerina spp., were also defined 
in the core. Isotopic stage 1, showing the well known 
Mediterranean characteristic has been detected from the top down 
to 100 em, while below this depth it is problematic to recognize 
the peaks of isotopic stage 2. 

some negative peaks can in fact be interpreted as 
representative of stage 4; this should imply the lack of stage 3. 

The o 13C profile of Uvigerina spp. (bottom waters) parallels 
that of G. bulloides (surface waters} only in the deglaciation; 
while during last glacial the surface and bottom waters show 
different oxygenation. Moreover the o "C of the deep water has 
characteristics that resemble those of an open ocean rather than 
of the Mediterranean. 

Because· neither lithology nor microfaunistic analysis point 
out a hiatus and the study of carbonates excludes that the 
isotopic signal may be m9dified by terrigenous supplies, the 
explanation must be found in a particular oceanographic state of 
the area during the last glacial stage. We can therefore suppose 
that the weak positive pulse recorded by planctic Foraminifera, 
by Pteropods and byo••o curve coincide with a melting phase of 
Appenninic glaciers that trought to the sea fresh water enriched 
in light isotopes. 

Because of the low sea level and consequent reduced seaway 
between Tyrrenian and Ligurian seas, this water remained 
entrapped in the area for a period long enough to cause the 
anomalous variation in the isotopic signal and to reduce vertical 
excanges between bottom and surface waters. 

Isotopic o 13C curve of UVigerina spp. and the high frequencies 
of Bolivina and Brizalina record the low oxygen content, while 
primary productivity variations can be responsabile for the 
anomalous trend of the o "C in the lower part of the core. 
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Underwater survey of Panarea volcanic complex 

(Aeolian Islands) 
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Piazza dl Porta San Donato 1, 40100 Bologna (lta:~a) 

Panarea has been considered in literature as belonging to a volcanic 
complex more ancient than the Aeolian islands (South Tyrrenian Sea) 
because the end of its activity death about 500,000 years. 
New geophysical, volcanological. structural and radiometric data provide 
a morphological-structural reconstruction of the underwater part of 
Panarea volcanic complex and a model for the evolution of the whole 
complex. 
The island of Panarea represents a small portion of a much larger 
submarine edifice with the overall shape of truncated cone with an 
eastern protusion. The base of the cone is about 1,500 m below sealevel, 
and has a diameter of about 23 .km and an area of 460 sq km. Several 
lobes affect the steep eastern slopes of the cone. 
Three stages characterize the evolution of the Panarea volcanic complex: 
1) Development of a regular central volcano in the western sector of the 
complex. The island of Panarea represents the top of this volcano. 
2) Eastward shifiing of volcanic activity, producing development of the 
lobed eastern sector of the complex 
3) Extensive caldera collapse of· the central part of the complex and 
replacement, within the collapsed area, of domes and lava bodies of 
different affinities, some of wich are basaltic. 
NE-SW -oriented structures seem to have had a fundamental role during 
the development of the panarea volcanic complex. These str'uctures have 
been active until recent times, the datation of Basilutto reef with K-Ar 
method shows that it is younger than 10,000 years. 
Some structures have regional significance because the evolution of 
Stromboli has been controlled by NE-SW -trending structures. Panarea 
and Stromboli also have similar magnetic anomaly trend, geochimical 
affinities, and temporal relationships of volcanism. 
Others factors show that· volcanic activity is still present. 
Underwater researches between Basilutto, Dattilo and Lisca Nera reefs, at 
N-E of Panarea, led to the discovery of submersed structures at 15 metres 
depth , that probably manufactured, perhaps identifiables with Roman 
hand-made contemporaneous to known presence on land ( about 2000 
years old). 
The subsiding of 15 m. in 2000 years is very considerable and, not beeing 
bradisysm phenomenon in this area, is to ascribe to tectonic events 
related to a volcanic activity and probably to caldera evolution, when 
even Roman wharf gives evidence because it is submersed at 3m. depth 
in the island of Basiluzzo. 
We found many of submarine emissions in large zones near Panarea. The 
gas analysis of these fumarole samples verified the presence of magma in 
the substrate. This result is further evidence of activity in the volcanic 
complex. 
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G-III9 
Macro et micro evolution du littoral 
proche de Ia lagune de Ghar El Melh 

(Tunlsle septentrionale) 

Mohamed Salah ROMDHANE 

Laboratoire du Milieu Marin, lnstitut National Agronomique de Tunisia, 

43 avenue Charles-Nicolle, 1002 Tunis (Tunisia) 

Using geoloeic(Pimienta 1959. Jauzein 1971 J ,geographic(Paskoff1985)and 

halieutic(Romdhane 1985) ,we have retraced the evolution of the North-East 

Tunisian coast,we have separated three level of this evolution: Tunis gulf, 

Ghar El Melh LAgoon and the convnunication Lagoon-sea. 

A la base des travaux de Geologie(Pimienta 1959,Jauze1n 1971) de 

geographie(Paskoff 1985) et d'halieutique(Romdhane 1985) ,nous avons retrace 

!'evolution du littoral Nord Est de la Tunisie,a trois niveaux differents: 

le Golfe de Tunis ,la Laguna de Ghar El Melh et las communications mer-laguna. 

L'evolution ancienne et recente dans le golfe de Tunis est lie aux apports 

solides charries par le Medjerdah ,oued ll regime torrential dont le debit varie 

entre 1,2 at 1200 m3/s,ses eaux erodent. un bassin versant de 23500 Km2 ,,avec 

une charge moyenne de 30 g/1;1' avancement du delta de cet oued ll fini par 

conquerir plus que 300 Km2 de surface gagnee sur la mer. 

La formation de la lagune de Ghar El Melh et son envasement sont ;aussi 

relatifs ll ce phen~ne,cet oued se jettais dans la lagune meme au coura des 

de placements de son lit. 

Les passes ou graus qui assurent la relation mer-lagune,avec principalement 

le recrutement biologique ,sont aussi sujet ll des modifications continues liees 

aux crues exeptionnelles, tel qu' en 1973 et surtout aux mouvements des !.eaux;· 

marines, tempetes et transit littoral. 

References: 

JAUZEIN A.,l97l.Le delta de la Medjerdah.in les agents de la morphogeneae.Trav. 

Lab .Geol.E .N.S .Paris 5,.128-151. 

PASKOFF R. ,1985.Les littoraux impact des amenagements sur leurs evolution. 

Collection Geographie Masson edit. 148p. 

PIMIENTA J., I 959 .Le cycle pliocene actuel dans lea bassins paraliques de Tunis. 

Mem.Soc .Geol.France .85 ,17~p. 

ROMDHANE M.S.,I985.La lagune de Ghar El Melh;Milieu,peuplement et exploitation. 

These 3~me cycle Univ.Tunis,245p. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

92 

G-III10 
Les mecanlsmes de Ia sedimentation 

dans le golfe de Tunis (Tunlsle) 

NouriSOUSSI 

Faculte des Sciences de Tunis, Campus Universitaire, 1060 Tunis (Tunisia) 

A travers 1' etude sedimentologique des depots superficiels du Golfe 

de Tunis, les mecanismes de la sedimentation sont analyses. 

La repartition des facies sedimentaires et plus particulierement le 

facies argileux (Fig.1) fait appc.rai:tre des zones d'envasement pr€coce. 

Celles-ci, sont developpees princ:ipalement devant l'Oued Medjerdah qui 

constitue la principale source d ·apport de materiel detritique et acces

soirement devant 1 'Oued M€.1iane exprimant les reactions d'e<?hange entre 

le flux continental (solide et liquide) et le milieu marin. 

LA MER MEDITERRA!f_.Eli 

LE CAP BON 

FIG. 1.- CARTE DE REPARTITION DE LA FRACTION ARGILE USE DANS LE GOLFE DE 

TUNIS. 

Le mecanisme de la floculation provoque par 1 'interaction entre les 

eaux deuces et les eaux marines est bien marque surtout face au delta de 

la Medjerdah. En effet, l'analyse du carbone· organique total (COT) et 

notamment l'etude mineralogique des argiles des depots superficiels du 

Golfe,ont montre l'individualis'ltion d'un prodelta dont le mecanisme de la 

formation a ete bien etudie par J.C.ALOISI et al. .. (1975). Ce prodelta est 

bie.n caracterise par une concentration relativement elevee en COT (2,2%) et 

un enrichissement en smectite (60 a 70 %) • 

En outre, a proximite de 1' embouchure de l'Oued Medjerdah, bien que 

les depots soient essentiellement argileux (80 a 90 % de fraction~2 ;Jm), 

les courbes granulornetriques sen.i-logarithmiques sont vari€.es .. On note sur

tout la presence des courbes du type logarithmique traduisant un mode de 

depot par exces de charge. Cependant, dans le reste du Golfe, hormis les 

zones c6ti€:res ou domine le faci€.s sableux, les courbes granulom€triques 

sont du type hyperbolique ce qui denote que les particules qui echappent a 
la sedimentation precoce au niveau du prodelta de la Medjerdah sont depo

sees ailleurs par decantation. 

Dans le petit Golfe, le transport pluviatil est assure par un 

r€seau hydrographique rudimentaire devenu encore moins important en raison 

du deficit sedimentaire et aquatique provoque par· la construction du bar

rage de Bir M'Chergua sur l'Oued Meliane (1973). Par ailleurs, le long de 

la cote sud du Golfe, il existe deux derives littoral<!S dont la principale 

va de l'Est (Korbous) vers l'Ouest (La Goulette). Cette derniere chllrie 

"ne quantite appreciable de materiel sableux (A.KOUKI, 1984) pro-
venant eventuellement des formations oligocenes du Cap Bon. A ce 
stock d 'elements grossiers viendrait s 1 ajouter une autre fraction 
de materiel sedimentaire, so it. au droit des courants littoraux 
NS qui longe la cote Ouest du Golfe (MAN'SOURI-MENAOUAR,R.1979) et 
provenant dgtl'O.Medjerdah soit issus des difterents Oueds qui 
se jettent dans de petit golfe (O.Soltane, O.Meliane, 0. Bezirk 
El Bey, etc ... ) au moment des cures. 

Ainsi, la diversite des sources d 1 apport en materiel detri
tique (sables, silt et argile) ,et la presence des courants lit to
raux N-S ou W-E relativement fort ont entraine vraisemblablement 
une variabilite dans le mode de depot et plus particulierement 
1' individualisation d 'un facies mixte (argilo-solto-sableux) bien 
caracteristique de ce secteur. 

ALOISI (J.C.), MONACO (A.) et PAUC (H.),19/:>.- Mecanisme de la for
mation des prodeltas dans le Golfe de Lion. Exemple de 1 'em
bouchure de 1' Aude (Languedoi!:~ .Bull. Inst. Bassin Aquitaine, 
n° 18, pp. 3-12. 

MANSOURI-MENAOUAR (R.), 1979.- Contribution a l 1 etude de la sedi
mentation littorale historique et actuelle au voisinage du 
delta de la Medjerdah. (Etude du Lac de Ghar-EL-Melh et de la 
Sebkha de 1' Ariana). These 3e cycle, Bordeaux I, '175 p. 

KOUKI (A.)~ 1984.- Contribution a l'etude de la dynamique sedimen
taire dans le petit Golfe de Tunis. Th/>se 3e cycle, Nantes, 
168 p. 
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The transition of the Sardinia Channel 

to the Tyrrhenian Sea 
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Seismic and gravity studies along the European Geotraverse, 

southern segment (EGTS) revield detailed models of the 

thickness and geometry as well as the nature of the crust 

and sediments at the Sardinia Channel, Tunisia and the 

Pelagian Sea. Particularly the seismic observations between 

Tunisia and Sardinia shaved that the seismic energy generated 

by the shots fired at optimized deth, propagate from south 

to north in a very efficient way but not vice,..ve:t'sa.This 

phenomenon, together with the geometry of the Moho and that 

of the basement could be explained by the distribution and 

orientation of a system of faults that limit crustal segments, 

their orientation and tilt. These structures, also controlled 

by gravity modelling, could be at best explained by tectoni

sation due to shearing and rotation of the lithological 

unites in a NNE direction. The crustal stretching along the 

Sardinia Channel is therefore a process that has nothing to 

do with rifting, since also the P n velocities are normal, 

but is produced mainly by shearing, observed along Algeria 

and Tunisia and responsible for many distractive earthquakes 

along the north african shear zone. This process, together 

with observations on the development of the volcanic activity 

and style of deformation of the Tyrrhenian Sea, which was 

initiated at the west and gradually progressed eastwards 

to Calabria 1 permit the conclusion that the opening of the 

Tyrrhenis and the development of the Calabrian Arc are the 

direct consequence of the shearing and deformation system 

observed along the western part of north Africa. 

Figure: Model of the Sardinia Channel 
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G-III12 
Marine geology of the Gulf of Trieste (Northern Adriatic). 

A. Sedimentological properties 

B. OGORELEC", M. MISIC" and J. FAGANeu•• 

• Geological Survey, 61"000 Ljubljana (Yugoslavia) 
•• Marine Biological Station, 66330 Piran (Yugoslavia) 

The Gulf of Trieste is the northernmost part of the Adriatic Sea isolated from the 

res of the Northern Adriatic by a shoal located on the line Grado-Savudrija 

peninsula (Fig. 1). The Gulf occupies about 500 km
2 

and lies at the contact 

between Istrian carbonate platform and Karst, and the Friuli plain on the west. 

The Gulf of Trieste is a shallow, nearly level marine basin about 20 - 25 m deep 

with rather steep shores. The bays of Piran, Koper and Muggia in the SE part of 

the Gulf are the wide submerged valleys of the small rivers Dragonja, Rizana and 

Rosandraf respectively. Thre detrital material in the sediments originates from 

the hinterland (transport by rivers and erosion of the Paleogene flysch). In this 

paper we present sedimentological data on the central and SE part (Yugoslav) of 

the Gulf, supplemented by the results on the northern part (Italian) of the Gulf 

published by various authors (Venzo and Stefanini, 1967, Brambati and Venzo, 

1967). 

The distribution of suspended sediment in the Gulf of Trieste, represented by 

Secchi disk transparency, shows the highest contents around the river Isonzo 

delta, and the lowest in the central and especially at the SW entrance of the 

Gulf, due to the inflow of the water from the central Adriatic with low 

suspended matter contents. The E and SE part of the Gulf is characterised by 

somewhat higher content of suspended sediment. The total concentration of 

suspended matter in the surface of the central and SE part of the Gulf varries 
-1 

mostly in the range 1. 5 - 2. 0 mg l , of which about 60 % is of minerogenic 

origin. 

According to grain-size distribution and mineral composition the sediment of the 

Gulf of Trieste could be subdivided into six zones (Fig. 2): 

Fig. 1: Bathimetry or the Gulf ot Trieste Fig. 2: Grain size diatibution ot the aediment 
(our analy>~eS e<:q>lled by data or -ti 
& Venzo 1967 .ilnd Ranke 1976). 

A-Sediment close to the coast composed of silt and sandy silt containing a max. 

of 15 % clay and up to 40 % of a fraction :=. 63
1

um, the carbonate content 15-70 % 

and the median 30-70 
1

um. 

B-Sediment of the interior of the small bays is a dart grey clayey silt containing 

up to 40 % of clay and 25-40 % of carbonates with a median of 3-6
1

um. Tht'l biogenic 

component is composed of foraminifers, ostracods, shells and mollusks; pyrite 

incrustations of foraminifers. 

C-Sediment of the transition zones is. composed by grey silt with up to 25 % of 

clay and a median 5-20 
1

urn, rich in organic skeletons, the carbonate content 40-50 %. 

D-Sediment of the open part of the Gulf consists of pure silty sand and sand with 

up to 10 % of clayey fraction and 50-80 % of carbonates. The mean grain size ranges 

between 0.2-1 mm. The predominant component are biogenic fragments. 

E-Sediment of the central part of the Gulf; medium to coarse sand, carbonate rich 

(70-90 % of biogenic skeletons), median 100-250 
1

urn. 

F -Sediment along the carbonate coast of Savudrija peninsula is composed by silty 

sand containing up to 80 % of carbonate, formed by erosion of Cretaceous limestone 

and biogenic production. 

In the southern part of the Gulf some seamounds, composed of rhodoli tes, and 

hardground appear. The sedimentation rates, measured by radiocarbon and pollen 

analyses, revealed that the rate is lower than 1 mm y -
1 

in the central part of 

the Gulf, while it increases towards the inner part of the bays to about 3-5 mm y -l 
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Marine geology of the Gulf of Trieste (Northern Adriatic). 
B. Geochemical properties 

J. FAGANEU•, R. PLANINC•, J. PEZDic•• and B. OGORELEc••• 

• Marine Biological Station, 66330 Piran (Yugoslavia) 
•• Jozef Stefan Institute, 61000 Ljubljana (Yugoslavia) 
••• Geological Survey, 61000 Ljubljana (Yugoslavia) 

In parallel with sedimentological investigations of the Gulf of Trieste, reported 

in the previous paper (A), we investigated the geochemical properties of the 

surficial sediment in terms of organic C, total N and P, inorganic P contents, 
13

c 

depletion of sedimentary organic matter and heavy metal content (Fe, Hg, Pb, Cd, 

Cr, Cu, Zn, Ni and Mn). Sediment samples were collected mostly in the central and 

SE part (Yugoslav) of the Gulf. The data obtained were integrated into a general 

pucture of the distribution of these sedimentary geochemical properties using data 

from the northern (Italian) part of the Gulf of Trieste published by various authors 

(Macchi, 1968; Stefanini, 1969; Donazzolo et al., 1984). The geochemical analyses 

were performed using an elemental C-H-N analyzer, colorimetry for P, mass spectro

metry for d 13
c values and AAS for heavy metals. 

Organic C contents in the surficial sediment of the Gulf ranges mostly between 

0. 5 - 1. 5 %, total N between 0.1 - 0.15 % and total P between 200 - 400 ppm. The 

spatial distribution of organic C and total N and P shows higher· contents 

( :>1 % org. C, :i:!0.1 % tot. N, .>300 ppm tot. P) in the Bays of Piran, Koper, 

Muggia and Panzano and near the river Isonzo delta in conformation with the 

textural type of the sediment - clayey silt (prevalently type B and c). The lowest 

contents ( !!i 0. 5 % org. C, ~ 0. 08 % tot. N, <200 ppm tot. P) are localized in the 

central part and especially at the Gulf entrance and conform to sediment types 

consisting of silty sand and sand (type E). Total and inorganic P higher than 400 

and 300 ppm, respectively, are restricted to the Bay of Koper. Inorganic N and P 

comprises about 20 and 70 % of the total N and P, respectively. C: N ratios found 

were mostly lower than 10 (by weight) and C:P ratios mostly in the range 

100- 200 (by weight). Considering the preval::!~y C:N ratios< 10 and d13
c 

values of sedimentary organic matter in the range -19.9 do -23.0 °/oo, we 

concluded that this matter is principally autochtonous marine, the majority 

(about 60 %) of it originating from POM sedimentation in the sea water column. 

Heavy metal analyses revealed in the central and SE part of the Gulf of Trieste 

rather low contents. Exceptions are Cu and Ni contents being mostly >50 ppm. 

The spatial distribution of heavy metals analysed shows a gradual increase in all 

heavy metal contents from the Gulf entrance towards the shore. For Hg an 

additional gradient is observable - a substantial increase (approx. 20-fold) in 

contents towards the river Isonzo delta, due to the high Hg content in the river. 

High contents of all heavy metals, except Hg, coincide well with the textural 

type of the sediment, the clayey silt and silt (types B and C) containing higher 

values. This horizontal distribution coincides with the organic C distributio~, 

indicating that the heavy metals are bonded to some degree to organic matter. 

Comparison of organic C, total N and P and heavy metal contents in the surficial 

sediments of the Gulf of Trieste with those determined in the borehole V-6 in the 

salt marsh of Secovlje in the Bay of Piran, which serves as a paleoenvironmental 

background, reveal ad increasing contents of Hg, Zn and total P. Measuring these 

elements would be probably sufficient to assess the long-term effects of 

eutrophication and environmental pollution on marine sediments in the Gulf of 

Trieste. 
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G-III14 
Premiers resultats sur les Foramlnlferes 

d'une carotte de Ia mer Adrlatlque 

l. BLANC-VERNET 

Geologie Marine, Centre d'Oceanologie de Marseille, UA 41, 
Faculte des Sciences de Luminy, 13288 Marseille Cedex 9 (France) 

La carotte a ete prelevee lors de la campagne ETNA 1982 (Centre 
des Faibles Radioactivites CNRS-CEA) par 1077 m de profondeur dans la 
depression sud-Adriatique (fig. 1). Elle comporte de nombreuses passees 
de cendres volcaniques qui ont ete etudiees et datees et une courbe des 
variations de 1 1 oxygEme 18 a ete etablie. L 1 intervalle de temps 
concerne va de la fin du stade 5 au debut du stade 1. (Paterne 1.985). 
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Figure 1: Localisation de la carotte. 

4. 

Figure 2: Evolution des 

de forarniniferes (d • apres 

assemblages S. 
BLANC- VERNET, 

sous presse). 

t;ID :!ora.iniliresb!nthiqmramouabmts 

[] :nicro!mebrnthiquepeudivmi!i!e 

~oupum faunistiqu<s 

Les variations de frequences des foraminiferes planctoniques 
chauds et froids permettent de tracer une courbe climatique estimee, 
qui est en bonne correspondance avec la courbe isotopique et de 
reconnaitre cinq types d 1 assemblages successifs (Blanc-Vernet, a 
paraitre). On doit remarquer une faible representation des especes 
typiquement chaudes (divers Globigerinoides Hastigerinella 
siphonifera Orbulina universa, accompagnees lors des periodes 
d 1 amelioration climatique par de tres forts pourcentages de Globigerina 
bulloides. Si l'on considere que les indicateurs chauds precites sont 
egalement des especes qui ne tolerent pas les faibles salinites (Be et 
Tolderlund, 1971; Thunnell, 1978; Loubere, 1981), leur rarete en 
periode chaude pourrait indiquer une certaine dessalure des eaux de 
surface suivant un mecanisme connu actuellement en Adriatique ·pendant 
l'ete (Zore-Armanda, 1968). 

Le peuplement benthique presente au cours du temps des 
modifications qualitatives importantes. La figure 2 montre la 
correspondance entre les principales coupures faunistiques des 
assemblages planctoniques et benthiques et la courbe climatique. On 
remarque que certains echantillons contiennent des microfaunes tres 
pauvres en especes comme en individus (assemblages a Heterolepa
Bolivina-cassidulina) • Ces episodes defavorables a la vie benthique 
sont observes aussi bien en peri ode froide que lors de rechauffements. 
A titre d 'hypothese on peut supposer que ces mauvaises conditions de 
vie sur le fond sont liees aux incursions· en Adriatique de 1 • eau 
intermediaire d'origine mediterraneenne provoquant 1 dans cette zone, 
une tendance a la stratification des masses d'eau. Toutefois aucun 
veri table sapropel n' a ete observe. 
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G-IIIls 
On the origin and geological type 

of the Tuzla salt deposit In Yugoslavia. 
2. Trace element geochemistry 
of lithotype Indicator minerals 

Z. BRAJKOVIC*, V. BERMANEC**, D. TIBWAS** and G. KNIEWALD*** 

• Tusanj Salt Mine, The Sodaso Co., Tuzla (Yugoslavia) 
•• Department of Mineralogy and Petrology, Faculty of Science, 

University of Zagreb, Zagreb (Yuposlavia) 
••• Center for Marine Research, "Rudjer Boskovic" Institute, Zagreb (Yugoslavia) 

Since the pioneer studies of Van't Hoff (1912), evaporitic salt 
deposits of marine origin - particularly their mineral parageneses - have 
been the subject of much detailed investigation. The commercial importance 
of these deposits and the complex geochemical relationships of their for
mation have warranted extensive surveys with regard to the genetic impli
cations of their geologic and geodynamic setting (Brai tsch, 1971). 

The rock salt deposit of the Tuzla basin in the central part of 
Yugoslavia comprises the central salt body of the Tusanj area and the 
recently ·discovered salt stock lense of the nearby Tetima area. The 
essentially stratified salt-dome type deposit is of middle Miocene age 
and is hosted by a sedimentary series which consists primarily of banded 
marls with anhydrite. The whole salt formation forms part of the Majevica 
range horst, which was a prominent feature of an archipelago in the 
Miocene sea. However, there is yet no unambiguous evidence as to the geo
logical origin of the deposit (Kniewald et al., 1986). There are three 
possible formation models: 

1. the mixing-zone model (which is of an estuarine or shallow 
lagoon type, implying temporary contact with the open ocean) 

2. the hypersaline lake/lagoon model 
3. the marine evaporitic deposition model 

As dolomitic 1 imestones are found closely associated with the salt 
beds, the mixing-zone model could account for dolomitization under non
evaporative, evaporative or seepage reflux conditions. 

The principal minerals of the salt deposit are halite (rock salt), 
thenardite and anhydrite, the a(H

2
o) indicator pair being thenardite and 

mirabilite. The other classic indicator couple gaylussite-pirssonite is 
however missing from the stratigraphic column. The assemblage comprises 
also several comparatively rare minerals - nahcolite, proberti te, brad
leyi te and northupi te. 

Earlier investigations on the feasibility of northupi te as a marine 
litho type indicator have shown that this mineral is unsuitable for the 
purpose, probably due to its strong adsorptive properties as well as dia
genetic transformations which have been observed on megascopic northupi te 
crystals from the salt deposit (Kniewald et al., 1986). Halite was shown 
to be a considerably better indicator, but variations in the trace element 
contents biased rigorous correlation procedures. Thus, subsequent deter
minations of trace elements in samples of halite and assemblage minerals 
was performed and tlTe results are given in Table 1. 

Table 1. Trace element concentrations (ppm) in halite and assemblage 
minerals, obtained by inductively coupled Ar-plasma atomic 
emission spectrometry ( ICP-AES). Seawater values are given 
as mol kg-1 (Bruland, 1983) 

Fe Zn Ni Cu Pb Ca Sr 

Thenardite 0.75 1.00 0.32 0.16 0.016 

Nahcolite 10.00 2.00 3.00 80.00 0.57 

Halite 1 10.00 75.00 30.00 25.00 

Halite 2 10.00 80.00 20.00 25.00 

Halite + 
0.75 1.14 0.23 2.43 

Thenardite 
-9 -9 -9 -9 -13 -2 

9xl0 
-5 

Seawater 1x10 6xl0 8xl0 4x10 lxlO lxlO 

Again, results for northupi te and thenardi te display no pronounced 
correlation with average trace metal levels in open ocean waters. Values 
for halite and nahcolite are somewhat representative of an enrichment 
factor of the order of magnitude of 0. 5-2. 0x103 . This could be ·taken as 
argumentation for the marine type or mixing-zone model with respect to 
the formation of the 'Tuzla salt .deposit. Nahcolite, essentially NaHCO 3 , 
is probably a convenient indicator mineral species, and its trace element 
content and distribution will be. a matter of further research. 
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G-IV1 
Geophysical Investigation 

of Saros Bay and Its Implications 

A. ULUG, M. ERGUN, E. IZDAR and E. OZEL 

Institute of Marine Sciences and Technology, lzmir (Turkey) 

On the basis of deep multi-channel seismics, shallow 
40 cubic-inch airgun data· and sonobuoy refrac.tion studies, 
the structural and sedimentary sequence of the Saros Bay, 
and the area between the Gelibolu Peninsula and the island 
of Gokgeada have been elaborated including the results of 
available gravity and magnetic data in the area. The study 
area is situated at the northeastern corner of Aegean Sea 
(Figure 1). It is well known fact that the Aegean Sea 
comprises a set of back-arc basins (the Northern Aegean 
Basin including the Saros Bay), a volcanic arc and an 
inter-arc basin (the north Cretan basin) over the structural 
framework which is relatively young, and superimposed on 
older structures of an orogenic belt of Alpidic origin which 
can be traced from the Dinarides and Hellenides in the west, 
into the the Taurides and Anatolides in the east (Izdar,1975 
,Biju-duval et al,1979,and ~engor and Y1lmaz,l980). 

The Saros Bay area is not exactly in the isostatic 
equilibrium showing -50 mgal free-air anomaly minimum with 
+20 mgal (north) and +50 mgal (south) levels on the adjacent 
areas. Bouguer gravity anomalies indicate a positive anomaly 
zone extending in the northeast direction from Limni, 
Gokgeada and the Gelibolu peninsula on the south side of the 
Saros Bay which has a negative anomaly zone. No regular 
magnetic anomalies are exist in the Saros area(the Northern 
Aegean in general) besides the several lineations related to 
tensional tectonics and magmatic intrusions. The Ganas fault 
joins the North Aegean Basin to the Marmara Sea which 
appears as the prolongation of the North Anatolian 
strike-slip fault changing in this area into extensional 
strike-slip movement for the creation of these basins. 

Five main structural features have been described 
from the Bouguer gravity anomalies and seismic studies as: 
(!)Dardanelles Graben (ii)Gelibolu Horst (iii)Saros Graben 
(iv)Semadirek High, and (v)Enez Graben. Semadirek High and 
the Gelibolu Horst are pre-Miocene anticlinal structures. 
Enez and Saros grabens have been developed in the synclines 
between the anticlinal areas. Dardanelles Graben is over an 
anticlinal structure. Three sedimentary sequences were . 
described by Saner(1985) in the area separated by erosional 
surfaces of (i)Upper Cretaceous-Lower Eocene sequence, 
(ii)Middle Eocene-Oligocene sequence, and (iii)Mio-Pliocene
Quaternary sequence. 

Figure 1: Location map of the investigated area and the 
interpreted section (modified from Saner, 1985). 
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G-IV2 
Texture and composition of the bottom sediments 

of Pagasitlkos Gulf and Trlkeri Strait, Thessaly (Greece) 

C. PERISSORATIS, P. ZACHARAKI and A ANDRINOPOULOS 

Institute of Geology and Mineral Exploration, Athens (Greece) 

At an earlier note ( 1) the general setting and preliminary results of a 
marine geological research at Pagasitikos gulf and eastern Oreon strait (Trikeri 
strait) were given. In this paper a detailed study of the composition and texture 
of the sea floor sediments is presented. 

The greatest part of the 100m. deep gulf is covered by silt (terms accor-ding 
t.o Sheppard ) with a mean size from 6, 0 to 7 ,30, the presence of which was noted 
even in the near shore areas, The units of sand, silty sand and sandy silt occur 
only locally, mainly at the northern and southern parts. Silt predominates also 
in the greater area of Trikeri strait (depth from 80 to over 100m.), with a 
coarser character (mean size 5,8 to 6,30), while sand occurs in narrow strips along 
the northern and southern coasts. The shallower Volos sill (depth around 75 to 80 
em.) which connects the gulf and the strait on the contrary is covered by medium 
and fine sand and only at its eastern sides fine grained sediments are present. 

Tne coarse fraction of the sediments consis-cs of terrigenous, biogenic and 
authigenic components, the most important of which show the following distribu -
tion:From the terrigenous components, quartz is abudant (up to 60%) at the near
shore areas of the gulf and the strait, but diminishes rappidly at the central 
parts. Rock fragments shows similar distribution with quartz, with higher percen
tages at the northern coasts, while mica is concentrated in significant amounts 
(over 20%) only at the eastern deeper parts of the gulf and the northern part of 
the strait respectively. From biogenic constituents, the benthonic forams show high 
percentage (over 20%) at the central sectors while the shell fragments exhibit an 
uneven concentration with -high percentages at nearshore sandy areas with low sedi
ment input (Voles sill, northern coasts of Trikeri Strait), as well as at the cen
tral parts. Finally gl.auconite (authigenic), is present mainly at the sill and the 
northwestern parts of the gulf, associated usual.ly with high sand percentage. 

From the above it is evident that both Pagasitikos Gul.f and Trikeri strait 
are today Bites of fine grained sedimentation. The sediments are redistributed by 
current action as shown by the benthonic foram and mica concentration. Little, how
ever, sediDient transport occurs between the gulf · s.nd the strait, mainly along the 
eastern part of Voles sill. Prel.iminary work on cores combined with dsta from seis
mic profil.es indicates that the above sedimentation pattern- has prevail.ed in the gulf 
throughout the hol.ocene period, with sedimentation rates not exceeding 0,5m.per_.k,yr. 
At the Voles sill. however, as well. as the northwestern parts of the gulf the sedi -
menta reflect a different environment of deposition, related apparently to earl.ier 
periods. 

FQllowing the classification by Me. Manus, the sediments of Pagasitikos gulf 
and Trikeri strait can be characterized as neoteric, amphoteric and occasionally pa
limsest, whil.e the ones at the Volos sill 1!-l"e mainly relict and palimsest, · 

1 • Perissoratis, C., 1986. :Sedimentol.ogy of Pagasitikos Gulf and Oreon Strait, 
Thessal.y, Greece, Rap. Proc.-Ver.Reun,, v.30,Fas.2, p.68. 
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G-IV3 
Seismic stratigraphy and structure of Pagasitlkos 

and Mallakos Gulf and the surrounding areas, 
Aegean Sea, Greece 

D. MITROPOULOS and S. MICHAIUDIS 

Institute of Geology and Mineral Exploration, Athens (Greece) 

In this paper, preliminary results from the study. o~ the seismic stratigraphy 
and structure of the following areas is presented : Pagas1 t1kos gulf (max • depth 1 O?m l, 
Trikeri strait (m.d. 90m), Oreon strait (m.d.70m), Maliakos gulf (m.d. 25m.),Knlm1da 
strait (m.d.95m), western end of North Aegean Trough and western part of the Sporad
hes Basin (fig.1). 

For this research shallow ( 3, 5 KHz, Uniboom) and medium ( 1 kj sparker )penetra
tion seismic systems were used. 
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In the greater Pagasitikos gulf, three seismic units were recognised, separa -
ted by two uncomformities (fig. II) while in some places (northern part of the gulf) 
a forth unit and a third deeper uncomformity appeared, which is not always cle';rl.y 
distinguished. Starting from top to bottom, unit A is a transparent sequence w1t~ 
greatest thickness in the central and the east part of the gulf (up to 16m.). Un1t B 
is also transparent with many thin, undisturbed, parallel reflectors (max.thicl?'ess 
50m.). In this sequence a thin layer with strong reflectivity was observed, wh1ch ex
tends in the whole area. Unit C is less transparent than B, while the internal refle
ctors are thicker, continuous, parallel to each other and slightly folded. The bottom 
of this unit was not always possible to be determined due to limited penetra-cion of 
the seismic systems used. Unit D, as mentioned before, appears only at the northern 
part of the gulf and has different characteristics "from the others, such as strong 
reflectivity with obscured prolonged reflectors. 

In the shallow sectors of the other areas, the uppermost unconformity was also 
observed separating unit A from the underlying sequences, which are not alway_s recog
nised. 

In the deeper sector (sea depth above 120m) such as the N. Aegean Trough and 
the Sporadhes Basin the seismic. stratigraphy is different. There, a uniform sedimen -
tary sequence is observed which was apparently deposited in normal marine environment. 
The total thickness of this cover was not _possibl.e to be estimated at the North Aegean 
Trough. At Sporadhes Basin its thickness is up to 150m., and is in angular unconfor -
mity with the underlying sequence which consists of harder formations. In some parts 
of the basin, where the sea fl.oor is steep-, mass movement processes were noted, trans
porting sediments to deeper areas. 

Based on land observations, the above horizons are tentatively correlated to 
Hol.ocene marine sediments (Unit A), Plio-Pl.eistocene sediments (Units B & C) and un
divided Neogene formations or pre-neogene beds (Unit D). 

In the research area, two systems of normal faults were _observed. An older one, 
which strikes NNW-SSE, and which is responsible for the shapping of the steep Pelion 
coasts, Pagasitikos basin, Vol.os sill. and Sporadhes Basin and a younger one, which 
strikes ENE-WSW, and which is responsible for the formation of Trikeri, Oreon and Kni
mids straits and for todays Pagasitikos-Malialtos shape. It is suggested that the 
second fault system was active during ·Middle-Upper Pl.eistocene. Appart from the above 
tectonic lines, the sediments are affected by many synsedimentary faults. 
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G-IV4 
Distribution of sediments In Mallakos Gulf 

and the surrounding areas 

I. ANGELOPOULOS, E. ZIMIANITIS and A. ANDRINOPOULOS 

Institute of Geology and Mineral Exploration, Athens (Greece) 

The submarine geological studies· of llalie.ltos . gulf and the the surroundings areas 
are part of a project the aim of vhich is the study of the Greek submarine region.During 
the research, sampling of sea-bottom sediments,- coring and sub bottom seismic profiling 
were carried out .. The research also included Oreon and Knimida straits. 

The Maliakos gulf has a maximum depth of 25 meters and its southeastern extension, 
Knimida strait, a depth ~p to 100m. 

Oreon strait has a NE-SW orientation. In the northern part of the Oreon strait ,a
.ong the coast the sea-bottom is steeper than the one in the southern part. In the remain-
der, it is almost flat. . 

. S:mth of Glifa, small prolonged basins are formed(fig.14,2,3) which are con
fined by the isobaths of TOm. 

The subbottom seismic profiles of llaliakos Gulf, showed that a subsidence was taking 
place, in the southern part of the gulf up to Holocene.That depression was filled up by 
material derived from the ':..Orth.The result of this subsidence vas the formation of sls'n
ping folds and synsedimentary· faults due to creeping.In the Knimida strait the subsidence 
was at a higher rate and the Holocene sediments were thicker. The OreOn strait is a tec
tonic symmetrical graben.-

The microscopic analysis of the sea-bottom sediments has shown the followings : 

Quartz ! is representing values ranging 10-20% in the SW part of llaliakos Gulf .close -.to 
the coast but in the larger part of the gulf the values are low.In the opening of the 
gulf the values are higher than 20%. 

In the Oreon Strait, in bnth southern and northern parts the quartz vtl.lues range 
from 5-10%. The same quartz distribution pattern occurs in Knimids strait. 

Mica :is representing, in tbe southern coast of llaliakos gulf, values higher thsn 8% 
'fhile in both the western and central parts o:f' the gulf the values are lover thsn 4%. 
i.n the northern part of the llaliakos gulf opening the values are lov, 0-2%. 

In the Oreon strait, small mica concentrations(less than 2%)occur. 
In the Knimids strait the mica values are relatively low. 

Rock fragments: In both the western and northern parts of llaliakos, the values are 
high, that is higher thsn 40%. In both the central and southern parts j;he values are 
lover,rsnging from 0-10%. High values of rock fragments occur in the Oreon strait •. (2o-
4o%).These values rary reverse proportionally to the distance from the coastline. In 
the southern coast of Knimids these values exceed 40% an.d they are decreasing towards 
the centre of the strait. 
Heavy minerals: The heavy minerals concentration are. less than 6%, in all areas ex
cept the Malialtog Gulf opening . and the southern part of Knimids. 
Glauconite: Occurrences are limited arid its values do not exceed 4% except the northern 
Knimids coast and Oreon strait where they exceed 6%. 
Fe-pyrite : Fe-pyrites occurrences are relatively restricted.In Maliakos Gulf the values 
are less thsn 1%.The' same also situation occurs in the remainder of the studied area. 
Shell :!'ragmen t s: In the llaliakos gulf their concentrations are high ranging from 10-40%. 
In both the Oreon and Knimids straits their values exceed 40% except the southern Knimids 
coast where are less thsn 10%. 
Benthonic :ror&mini:f'erae: In llaliakos Gulf their values range from 5-20%. or_ higher.In 
both Oreon and Knimids straits their values are very low and range from 0-5%. 

'l'he aeiamic data and the sediment analyses showed that most of the above mentioned 
3edimenta were deposited .after the last transgression of the Upper Pleistocene. 
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G-IVs 

Bref aperc;u sur Ia geologie du secteur SE 
du golfe de Corlnthe 

Anastasia KOUTSOUVEU 

I.G.M.E., Messoghion 70, 11527 Athanas (Grace) 

Autour du Golfe de Corinthe s' observant des rivages effectues par la 
Neotectonique. 

IJne etl'de cartographique detaillee dans la partie Sud-Orientale du Golfe Corin

thian a montre que les formations du Pliocene et Pleistocene ont masque par 

endroits les calcaires du Cretace de la zone allochtone du Pinde-Olonos et les 

calcaires eocenes de 1 a zone autochtone du Gavrovo-Tri po 1 i tza ( KOUTSOUVELI A

METrOS A. sous presse) qui affleure aussi dans cette region. 

Situation de la region 

etudiee 

Les formations de la serie neogene 

et quaternaire sont des facies marins, 

saumatres et fluviolacustres.Les plus 

anciens depots de cette serie affleu

rent vers l' Ouest, leur epaisseur at

teigne 350 metres, et se constituent 

des conglomerats intercales a des 

banes greseux et marneux. Vers 1 e 

haut ils passent lateralement a des 

marnes de grande epaisseur, dont les 

membres inferieurs sont des marnes 

blanchiitres lacustres a lentilles 

lignitiferes eta intercalations gre-

seuses ou congl omeratiques; tandi s 

que les membres superieurs se con -

stituent des marnes blanchatres a horizons sableux de facies marin ou saumatre. 

Vers 1' Est 1' epa i sseur des formations du Pliocene superieur se diminue et 

les formations du Pleistocene couvrent une grande etendue. Le Pleistocene marin 

affleure dans cette region sous forme de plusieurs terrasses qui sont crees 

par la fluctuation de lamer et les mouvements tectoniques (KERAUDREN (1970-72), 

KERAUDREN ET SOREL (1987), OUFAURE et al. (1975), DUFAURE et ZAMANIS (1g79,1980), 

SEBRIER (1977), SCROGER B. (1975) qui ont affecte la region. 

Ainsi plusieurs fractures de directions E-W, NW-SE et ESE-ImW s'observent 

dans cette region. Des accidents synsedimentaires montrent aussi 1' existence 

d' une tectonique tres intense au cours du Plio-Pleistocene. Cette tectonique, 

surtout extensive est responsable pour les nombreuses failles normales et la 

reactivation des failles preexistantes a des miroirs impressionants sur les 

calcaires preneogenes. L' analyse microtectonique a permis de reconna1tre les 

trois axes principaux des contraintes eta mis en evidence le role fondamental 

d' une allongement de direction N-S a 1' evolution de cette region. 
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Stratigraphie au S.E. du golfe de Corlnthe 

Anastasia KOUTSOUVEU 

LG.M.E., Messoghion 70, 11527 Athanas {Grace) 

Auteur du Golfe de Corinthe s' observant des rivages, effectues par 
la Neotectonique. Une etude cartographique detaillee dans la partie Sud-Orien
tale du Golfe Corinthian a montre que les formations du Pliocene et Pleistocene 
ont masque par endroits les calcaires du Cretace de la zone allochtone du Pinde
Olonos et les calcaires eocenes de la zone autochtone du Gavrovo-Tripolitza 
(KOUTSOUVELI A.-METTOS A sous presse) qui affleure aussi dans cette region. 

Les formations de la serie neogene et quaternaire sont des facies marins 
saumatres et fluviolacustres. Les plus anciens depots de cette serie affleurent 
vers l'Ouest, leur epaisseur atteigne 350 metres, et se constituent des conglo
merats intercales a des banes greseux et rnarneux. Vers le haut ils passent 
lateralement a des marnes de grande epaisseur, dont les membres inferieurs 
sent des rnarnes blanchatres, lacustres a lentilles lignitiferes eta inter -
calations greseuses ou conglomeratiques; tandis que les membres superieurs 
se constitutent des marnes blanchatres a horizons sableux de facies marin 
ou saumatre.Vers l' Est l' epaisseur des formations du Pliodme superieur 
se diminue et les formations du Pleistocene couvrent une grande etendue. 
Le Pleistocene marin affleure dans cette region sous forme de plusieurs ter
rasses qui sont crees par la fluctuation de la mer et les mouvements tecto
niques ( KERAUDREN ( 1970-72), KERAUDREN ET SOREL ( 1987), DUFAURE et a 1. ( 1975), 
DUFAURE et ZAMAN IS ( 1979 , 1980), SEBRIER ( 1977), SCHRODER B. ( 1975) qui 
ont affecte la region . 
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Neotectonic structure and evolution 

of the Western Saronlkos Gulf 

V. LYKOUSIS", P. PAVLAKIS", D. PAPAN!KOLAOU*", G. CHRONIS*, 
C. ANAGNOSTOU*, G. ROUSSAKIS• and D. SYSKAKIS .. 

• National Center for Marine Research, Aghios Kosmas, 16604 Athens (Greece) 
•• Department of Geology, University of Athens, Panepistimiopolis, Zografou, 15784 Athens (Greece) 

Detailed continuous seismic reflection profiling data (-750km) from 

the western Saronikos Gulf resulted in the study of the neotectonic 

structure and the recent geodynamic evolution of the gulf. The research 

project was financed by the Earthquake Planning and Protection Organization 

and the fieldwork was carried out by the R/V AEGAION during 1986-1987 

using a 40in 3 air-gun, a l-9Kj sparker and a 3,5 KHz profiling system. 

Saronikos Gulf, extending between the peninsulas of Argo lis to the 

west and Attica to the east, displays a complicate morphology. It can 

be distinguished in a western and an eastern part by a N-S island 

bridge (Me thana, Angistri, · Aegina, Salamina) with a very shallow plateau 

in between. This N-S zone separating western from eastern Saronikos Gulf 

comprises several volcanic outcrops of ·Plio-Quaternary age, representing 

the northwestern edge of the modern volcanic arc. The western Saronikos 

includes two basins, the WSW-ESE oriented Epidaurus basin in the South 

with more than 400m of depth and the E-W oriented Megara basin in the 

North which is relatively shallow (less than 250m). 

The major active faults, as shown on fig .1, trend mainly to WSW-ESE 

and. N-S. In Epidaurus basin the WNW-ESE marginal faults have about 350m 

of throw and create a rather symmetric tectonic graben. An important N-S 

fault zone with throw more than 400m occurs along the Peloponnesian 

coastline bordering both basins of Epidaurus and Megara to the· west. 

The Megara basin is a tectonic graben formed by W-E to WNW-ESE marginal 

faults having a throw of 400-SOOm. An alternation of horsts and grabens 

is observ"" along a N-S profile of western Saronikos, between the Epidaurus 

and Megara basins. This structure has been created by the WNW-ESE faults 

with throws between 200 and 300m. 

The maximum thickness of Plio-Quaternary sediments was found in the 

centre of the shallow Megara basin (more than SO Om) whereas in the deeper 

Epidaurus basin it was found 250-SOOm. Extensive areas of Saronikos Gulf 

including plateaus of the N-S bridge island zone in the east, as well 

of the E-W horsts between Megara and Epidaurus basins are covered 

by less than 50m of sediments. 
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Fig .1. Neotectonic sketch map of western Saronikos Gulf. 

In conclusion, the structure of the ·western Saronikos Gulf is very 

complicated including different neotectonic styles with: ( i) major faults 

boundering horsts and grabens representing the marginal faults of the 

basins, (ii) minor faults affecting the sediments within the grabens and 

(iii l slightly affected plateaus in the eastern part of western Saronikos 

Gulf where the modern volcanics occur. 
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Athens Sea outfall : 

geological data collection and evaluation 
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From the greater Attiki district, where more than 3 million people live, an 
estimated 600.000 m3 of domestic wastes and industrial effluents are discharged 
per day at the shallow water Keratsini bay, off Piraeus. Additional industrial 
and domestic wastes are discharged at Elefsis bay as well as along the Attiki 
coastline. As a results, the area at Keratsini bay and surroundings is heavily 
polluted , with fatal effects on the fauna and flora as well as on the aesthetic 
and amenity aspects in the greater area. In order to solve this problem, a 
sewage treatment and fluid, disposal plan was designed, involving building of a 
siphon for transferring the sewage from Keratsini to the nearby Psittalia island. 
At the island a treatment of the wastes will take place, while the remaining 
fluids will be discharged south of Psittalia by diffuser pipes laid down on the 
sea floor (Fig. 1). 

Fig. 1 Bathymetry of the 

study area and location of 

outfalls and dif fusers.Bubble 

field is also indicated. 

l 
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For the examination of the sea floor, where the siphon and pipe emplacement 
will take place, a detailed seismic and sedimentological research was carried 
out in the greater area. The seismic profiling was effected by the use of a 3,5 
KHz and a Uniboom seismic system. The data showed that the sea floor morphology 
is smooth, except near the coastline ar>d between the 74 to 86m, contours ,where 
a steep gradient is observed. Also a N-S channel is formed between Kera.tsini 
and Psittalia. island. The area. is covered by a. thin layer with transparent cha
racter and thickness up to 2m., which wa.s correlated to the unconsolidated sur
face sediments. At deeper sectors two seismic units were discerned (B and C) 
having discontinuous and. bracken S!'ismic character and correlated with the Quaterna
ry and the Triassic formations which crop out at the island. A different picture 
was obtained at the Keratsini-Psittalia channel where the seawage deposition has 
produced an extensive bubble field were the 3,5 KHz and Sparker-seismic systems 
were unoperational. At this area the Uniboom profiles indicated the presence on 
the floor of a. layer with a thickness up to 6m,, which was attributed to sewage 
deposition (Fig. 1). 

Based on the seismic evidence a gravity and vibro coring program was subsequen
tly effected along the lines of the emplacement of the diffuser pipes. The sediment 
analyses showed that the sea floor a.t the nearshore areas is covered by poorly sor
ted coarse biogenic sands, the western part is covered by silty sand while at the 
eastern part sandy silt predominates. The study of the cores, on the other hand, sho
wed that two horizons are present, a lower one consisted of sand and silty sand and 
an upper one consisted of sandy silt and silt. The lower unit increases in thick -
ness toward the north indicating derivation from Psittalia. island while the upper 
unit increases in thickness toward the east showing transportation of fine grained 
material from the sewage area off Keratsini. At the bottom of six cores fragments of 
hard psammite·' and biogenic limestone were relieve.d which belong to the quaternary 
formation (unit B mentioned above). Thus the thickness of the unconsolidated sedi
mentary cover at the studied area, south of Psittalia, ranges from 10 to 167 em. 

All above show that rather minor technical work will be needed for the empla
cement of the diffuser pipes. 
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Tectonlsatlon and sedimentation processes 

In the Cretan Sea 

Ch. ANAGNOSTOu·. L. GOTZ" and A. SIOLAS• 

• EKTHE, Athens (Greece) 
•• Institute of Geophysics, University of Hamburg, Hamburg 

(Federal Republic of Germany) 

Anagnostou, CJC; Gotz, L.-G~ and Siolas, A.2.. 

In 1986 geological-geophysical studies were undertaken in the Cretan Sea 

with the research vessel SONNE (cruise SO 41 ). 

The sedimentary record of recent and subrecent processes of sedimentation, 

as well as a mapping of tectonic lineaments, confum the continuing subsi

dence and stretching of the coastal basins. 

The Cretan Trough lies within two W-E trending fault systems. Intensive 

blockfaulting dissected the trough into numerous horsts and grabens ( Fig. 

1 ). Strong strechting of the continental ernst in this region produced this 

tectonic structure. The Cretan Sea block was not only formed by vertical 

tectonic movements, but also through lateral slip-slide faulting. These la

teral displacement were produced by different faces of drift· and rotation 

movements occuring between the African and Agais plates. 

The study area revealed the presence of an oval shaped, fiat basin in the 

area, which lies at depth of 1800 m. This place is recognized as the stress

relA:ase point between NW-SE and NE-SW trending lateral displacements. 

Subsidence is specially higher in this district. 
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In compiled. potential field maps of the Cretan Trough, gravimetric and 

magnetic anomalies correlate with weak zones and tectonic structures. 

In the deep sea sediments of the Cretan Sea, several Tephra- and Sapropel 

layers form, which further document, very well the tectonic nature of the 

region and its associated volcanic activity. In the study area piston core 

samplA:s were also collected. Geochemical analysis of the Tephra layers 

and a differentation baaed on their chemical background yielded aah-lilre 

layering-pattern. Based on this manner of layering and the behavior bet

ween K,O, Rb, Zr and Y versus Si02 , their volcanic origin could be 

established. A correlation of these ashes with those of exiating Tephra

and Sapropel-chronologies give the age of the ashes in our research area 

(Fig. 2 ). Most Tephra originated from the volcanic eruptions of the greek 

archepelago, their main source being the eruption of the Santorin about 

3.500 years ago. Another prominent source is the Ischia-layer , wich can 

be traced back to the Eruption of the Campanian Region (Southern Italy) 

about 34.000 years ago. They form reliablA: sources for determining the 

rates of sedimentation in the Cretan Sea. The high rate of sedimentation 

accounts for the continuing subsidence. This subsidence (5.00 to 1.1 em 

pro 1000 years) is clA:arly higher than that of other regions in the Agais and 

southern Crete. 
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Petrography and geochemistry 
of uppermost Pleistocene sediments 

In the outer Thermalkos Shelf : Project EURECOMARGE 

G. ANASTASAKIS and A. SIOULAS• 

• National Center for Marine Research, Aghios Kosmas, Hellinikon, 16604 Athens (Greece) 

Smear slide petrography and geochemical analysis were carried out on 
a series of seven gravity cores recovered from the outer continental 
shelf of the Thermaikos Gulf in the northwest Aegean Sea {fig. lJ. On 
the basis of the 1 ithofacies associations observed in the cores they are 
divided into two broad categories: a l cores recovered from water depths 
of less than 175m are composed mostly of a uniform mud w1th 1n 
tercalations of silt and sand {cores 26. 36. 35.4 in fig.l). b) Cores 
recovered from water depths of more than 180m {cores 31.39. 2 l contain a 
cyclothematic lithofacies development centered around sapropelic 
horizons a 1 ready reported by Anastasakis ( 1985 J and we 11 estab1 i shed 
from other deeper regions of the Eastern Mediterranean Sea. 

Smear s I ide petrography has revea 1 ed important downcore variations 
in the compositional attributes of these predominantly fine-grained 
sediments. From the studied cores {fig.l) the only which apparently 
recovered the entire Holocene transgression :is core 36. This core is 
getting coarser downwards and smear slides show a s:ign1ficant increase 
in the terrigenous minerals. most notably in the quartz. feldspar. 
muscovite, heavy and opaque minerals. From the biogenic components cal 
careous nannoplankton and for ami ni fera she 11 s are the most abundant. 
Towards the base of this core there is a substant1al increase in the 
she 11 fragment contents. inc 1 udi ng she 11 s of nearshore environments. 
Core 26 is also getting coarser downwards. however thls trend is not 
well defined .Generally speaking the fine grained layers (silts and 
muds) displaying some faint lamination contain increased amounts of 
terrigenous minerals composed mostly of quartz. feldspars and 
mica.However adjacent mud layers can contain variable amounts of 
terrigenous components. The dominating biogenic elements are calcareous 
nannoplankton and a few foraminifera shells which are getting more 
abundant downwards joined by an increased proportion of ostracods and 
gasteropods. Core 35 is composed entirely from current reworked and 
emplaced thin clastic sand. silt and laminated mud layers.The coarser 
sandy laYers generally display enhanced proportions of quartz and most 
notably heavy mineral contents. Core 4 is entirely composed of homogeno 
us mud and only the middle portion ·of the core is displaying some 
l.amination. Th1s laminated portion is displaying an enhanced proportion 
of terrigenous minerals. most notably increased mica contents. The 
biogenic components display no significant variations along this core. 
Cores recovered from the east Thermaikos shelf(cores 31.39 and 2) con 
sistently display an increased proportion of terrigenous minerals dow 
nwards. This increase is getting more pronounced below the sapropelic 
layers joined by a concomitant decrease of the biogenic attributes. Core 
39 contains also an ent.anced prop or~ ion of stab! e heavy mineral grains. 

The geochemical analysis were performed by means of X-ray 
f 1 uorescence and the results reca l cu 1 a ted carbonate free. In the cores 
recovered from the outer periphery of the Thermaikos shelf(cores 39 and 
2) major element contents, most notably Si02 and K,O, display a clear 
increase downwards. However this trend is not so obvious on the west 
shelf region where river derived sediment input during the lower 
Holocene had a more 1rreguiar pattern. Down-core minor element data show 
some variation between samples. In general. the sapropelic lithofacies 
is enriched in Ba.Ni and depleted in Mn. when compared to the other 
lithofacies. Cores containing heavy minerals display a substantial 
increase in Zr. 
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Fig. 1: Coring stations and core logs studied in the Thermaikos outer 
continental shelf region. The. basic lithofacies are:l for sapropelic 
mud: 7.8.9 for turbiditic sand. silt and mud respectively. 

The above cited results indicate that Upper Pleistocene 
sedimentation in the outer Therma:ikos she 1 f has been influenced strong! y 
by the latest marine regression-transgression. As a result. generally 
there is observed an enhanced proportion of terrigenous minerals 
downwards in the cores resulting mainly from the increased input of 
terrigenous material in the outer Thermaikos shelf region during the 
uppermost Pleistocene-low Holocene. This was the consequence of the 
direct fluvial sediment supply in the outer shelf region during the 
latest major low sea level stand. It is well established. through the 
study of high resolution seismic reflection records. that deltaic 
sequences are the main Holocene sedi ments in the Thermaikos 
Plateau(Lykousis et al. .1986). 
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Gravity and tectonics of the Southern Aegean Sea 

P. PAVLAKIS*, J. MAKRIS** and R. EGLOFF** 

* EKTHE, Athens (Greece} 
•• Institute of Geophysics, Hamburg University, Hamburg (Federal Republic of Germany} 

The southern Aegean and particularly the Cretan Sea were 
resurveyed recently by gravity, magnetic and seismic methods. 

The new data confirmed to a great extend the existing 
modelles and provided new information that can be used to 

refine the geological concepts for the development of the 

Cretan Sea. 
In the past, the Back Arc spreading modell was used to 

explaine the evolution of this area. Another possibility 

for interpreting the observations could be provided by 
considering the deformation as a consequence of large scale 

shearing associated with the East Anatolian Fault System 

and the way that continental crust and lithosphere react 

under shearing forces. The Cretan Sea, seem under this 
aspect, can be understood as a'pull apart basin'. Geophysical 

evidence and gravity mode~ will be presented and disc;ssed 

under this aspect. 
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Seismic stratigraphy, microfossil dating 
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On the southern shelf area of the <;:e:;;me Peninsula, a 
shallow seismic study was carried out and 12 gravity cores 
(0.30 - 1.15 m.) collected. These marine surveys were 
conducted by R/V K. Piri Reis along the Akburun - Ala<;at1. 
regions (Fig. 1). The stratigraphic succession of the <;:e:;;me 
Peninsula, which has a Mesozoic limestone basement, is mainly 
composed of Late Tertiary intermediate-acid volcanics and 
alternating limestone-marl and sandstone. The uppermost rock 
unit is represented mainly by tuffaceous sediment, and this 
is covered by sandy-muddy clastics. Twenty km of seismic 
reflection ~ofiles and refraction surveys were carried out 
using 40 in airgun with a single channel hydrophone-array 
and a sonobuoy system respectively. From these studies, the 
seismic velocities, thicknesses and dips of layers were 
determined. The geological cross-section of the area was also 
constructed from these results (Fig. 1). The observed 
stratigraphic sequence includes four lithological units 
(excluding the Mesozoic basement): ( 1) Volcanics; ( 2) Neogene 
limestone-marls; (3) Tuffaceous sediments and (4) Recent 
sandy-muddy clastics. 
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Sea Water (==:J 1500 m/s 

Recent Sed ... 1650 m/s 

Tuff. Sed. ~ 1933 m/s 
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C-D Section Line (NE-SW) 
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Fig. l: (a) Location map and (b) Geological section of the 
study area deduced from the seismic studies. 

Micropalaeontological study was mainly applied to the 
core samples from the Recent sediments and tuffaceous horizon 
as well as to the land outcrops of the limestone-marl
sandstone unit. The geological age of the tuffaceous horizon 
is Sarmatian from the association of Elphidium antonium 
( d' ORBIGNY) .!:_ hauerium ( d' ORBIGNY) , .!:_ reginum ( d' ORBIGNY) 
and Ammonia beccarii (LINNE). The tuffaceous sediments are 
lagoonal products. The deposition of the uppermost clastics 
occurred during the post-glacial period (Holocene) in a 
shallow marine environment with variation in sea-level given 
by the following assemblage: Carinocythereis antiquata 
(BAIRD), Trachyleberis hystrix (REUSS), Xestoleberis communis 
(MULLER), Ammonia ~ (LINNE), Cytheropteron ala tum 
(SARS), Elphidium crispum (LINNE), Discorbis globularis 
d'ORBIGNY Callistocythere elegans (MULLER). Moreover, this 
unit contains only benthic foraminifers and ostracodes as 
microfossil association. Absence of planktonic foraminifers 
in this horizon might be explained by enhanced regional 
supply of fresh water during pluvial episodes of the Late 
Quaternary. In addition to this, diversity of the benthic 
foraminifers and ostracodes is probably linked to a tranquil 
sea-bottom, with high oxygen availability and abundant 
nutrients. The micropaleontological studies on the land 
samples of the limestone-marl unit, showed these also to be 
Sarmatian in age and deposited in lacustrine condi tiona, 
according to the following ostracodes: Candona 
(Typholocypris) illustris (SNEJDER), ~ nobilis 
(SNEJDER), Limnocythere sp. 

The results obtained in the present study demonstrate 
the effects of two phases of shoreline oscillation: ( i) A 
late Miocene episode probably related to the begining of 
Aegean tectonic extension; ( 11) A late Quaternary cycle 
linked to late and post-glacial climatic changes. 
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La macrofaune marine des sediments pliocenes et 

plelstocenes en Messenle Occidentale (Peloponnese, Grece} 
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l NTRODUCTI ON 

La region etudiee se situe au SW du Peloponn~se (fig.1) oil les forma

tions plloc~nes et pleistoc~nes se sont dispersees dans 4 petits bassins tee-

Fig. 1 

toniques (fig. 2 a,b,c,.d). 

Ces fonnations qui reposent en discordance 

sur le substratum sont d'origine marine.la

custre et fluviolacustre; elles se constituent 

en g~neral de marnes sableuses au argileuses 

~ intercalations gr~seuses et de conglomerats. 

Les plus anciens depots datent du Pl ioc~ne 

inf. (biozone ~ Globorotalia maY'gaPitae) , 

(Koutsouveli et al. 1985, Koutsouveli 1987), 

affleurent dans le bassin 1'd 11 (region de Fa

lanthi), et leur etendue est tr~s 1 imi tee, tan-

dis que les sediments du Plioc~ne superieur 

(biozones a GZ.crassaformis et G~.inflata)sont 

assez repandus (bassins a,.b.c,d,). Le Pleisto-
clme affleure dans 1es bassins "a" (region de Stenossia ) a Hyalinea baZthica 

(Koutsouve1i et al. 1g85, Koutsouveli 1987) et "b" a Chlamys aeptemrodiata 

(Koutsouveli, 1987). 

8!0-CHRONOSTRATIGRAPHIE ET INTERPRETATIONS PALEOECOLOGIQUES 

D'apr~s 1' etude detai11ee de 1a macrofaune constituee par 90 especes 

de differentsgroupes (tabl. 1) nous avons cons tate que durant le Pl ioc~ne inf. 

CJ:~--r. 
~ .......... . 
fillll .... ~-. 

Fig. 2 

mentionnes, a les caracteres suivants : 

(z.a Gl.rnrgazoitae) la mer 

etait assez profonde, tandis 

qu' au cours du Plioclme sup. 

il y avait une diminution de 

la mer, evenement qui se con

finne par la presence des 

Bivalves (Ostrea,Spondylus, 

Pectinidae e. t.c.) ,des Gast<!

ropodes (Murex, Strobus,etc.) 

et d • autres groupes de fos

siles . L 'esp~ce Chl.amya 

aeptemradiata caracteristique 

des sediments du Pleistoc~ne 

affleure dans le bassin "b". 

On peut signaler que 1 'asso

ciation des fossiles recueillis 

dans tous les bassins sus-

1. Les Bivalves, en general , conservert les deux valves. 

2. On observe des trace$ d'activitt! des Sponges et des Vermes sur des 

tests des fossiles. 

3. On n'a pas observe des transport des fossiles. 

Ces observations nous ant pennis de considerer que les fossiles sorit 
11 in situ11 et i1 s'agit d' une thanatocoenose. 
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G-IVI4 
Upper quaternary organic rich sequences 

In the outer periphery of the South Aegean Island Arc 
new developments 

George C. ANASTASAKIS· and Eelco J. ROHLING·· 

• National Centre for Marine Research (Greece) 
.,. Utrecht University (The Ne!herlands} 

During the Tyro 87/2 miss1on a total of 24 piston and gravity cores {Fl.g. 1) were re

covered from the outer periphery of the South Aegean 1sland Arc.Knowledge gained in 

previous m1ssions suggested that a more codensed and complete stratigraphic record is 

normally encountered on to-pographic highs ( Anastasak1s and Stanley, 1984). It is well 

established that o:;mly cores recovered from regions doonnated by hemipelagic sedimen

tat~on, that is dep::>sit~on of sediment by settling through the water column are like

ly to bear evidence for the complete range of cx:eano;:rraphic conditions affecting the 

hydrography of the basin {Anastasakis and Stanley ,1986) .The Tyro 87/2 coring sites 

have been selected on a basis of a dense high resolution seismic reflection survey. 

3~~------------~2~4~
0------------~2~5~0 _____________ 2~6_

0 

____________ ~ 

50UTH AEGEAN 

35 

LEVAN TINE 

Fig.l. Tyro 87/2 station locations of the cores illustrated in Fig. 2. 

Representative core logs from the four regions of the South Aegean island Arc studiOO 

in detail are g1ven in Fig. 2.'Ihese cores recovered saveral sapropel-lie sequences dis

playing a well preserved developnent and bearing no evidence of reworked organic rich 

lithofacies .. Individual sapropel and/or saproi=€liC layers are correlated in terms of 

their compositional , faunistic and isotopic characteristics.New developnents in our 

knowledge of these organic rich Eastern Mediterranean sediments based on the study 

of these cores suggest: a)A new uppermost limit of s
1 

dep::>sition in water depths of 

less than 230m in the NW Levan tine and Ionian Seas~ 'Ihis is based on the recovery of s
1 

in cores retrieved from the Gavdos Rise (cores 15 and 16 in Fig~ 2). 

b}The recovery for the first time, of a complete succession of the five uppermost sap-

LEGEND 
.1fZ]2[l]3 

§•D5B6 

Fig. 2. Representative core logs of the Tyro 87/2 mission. The lithofaces associations 
in the legend are: 1) sapropel-lie 2) organic ooze 3) grey mud 4} sandy silt. 

repels in minimal water depths of 300m (Four of them are contained in core 13, see Fig. 

2) c}'Ihe revelance of similar ccrnpositional attributes in the sapropelic sequences s
1 

s2 , s3 which however are displaying differnt isotopic signals suggesting that differrent 

paleoceanoqyaphic scenarios can result in similar sapropel-lie sequence developnent. 

d) 'Ihe identification of marked differences in the developnent of the S 
4 

sequence, in

cluding a significant increase in the organic carbon contents reaching values up to 

11% with a concomitant decrease in the carbonate contents and an increase in the si

liceous test contents UpHards. 

0.34 O.H .... 0.34 ns.s-220 1.95 

22l -225 1.5 
26 -28.5 0.24 0.8 

113.5-116 0.31 o.n 0.7 
l 65.5 

65.5 .. 
l.l <). . . 0.27 

1.8 •k 10 -12 0.29 67.5 

~ 65 

~ 

It is becoming apparent that each io::li vidual sapropel or sapropelic horizon has its 

own distinctive history, including areal extend, time needOO for its deposition and 

complex interplay of factors that triggered its der:osition .Different paleoceanog:rap

hic scenarios, as evidenced by isotopic signals, can result in a similar stratification 

and subsequent stagnation of the water column.Moreover some of the Eastern Mediterrane

an sapropels can result from stratification and subsequent stagnation of the water col

umn accompanied also at some p::>int by an enhanced prcrluctivity of the surface waters. 

These sapropel lithofacies are associated with the highest organic carOOn values, nor

mally exceeding 5%. 
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G-IV15 

The Dolomitic Breccias of Mainaion MT. 
(Central Peloponnesus). 

Origin and diagenesis 

Fotini POMONI-PAPAIOANNOU• and Zafiris CAROTSIERIS .. 

• Institute of Geology and Mineral Exploration, 
Messoghion Street 70, 11527 Athens (Greece) 

•• Department of Dynamic Geology, Tectonic, Applied Geology, 
University of Athens, Panepistimiopolis, Zografou, 15771 Athens (Greece) 

ABSTRACT 

The Tripol itza zone is tectonically underlain by the Manis metamorphic zone 

and overlain by the Pindic Arcadic cover and represents a continual platform car

bonate sequence, from Triassic to Eocene. 

The present study is focussed on the origin of the dolomitic breccias that are 

distributed along the Jurassic-Cretaceous dolomitic beds of the Tripol itza zone 

in the Mainalon Mt. and the surrounding areas. 

This brecciation is not due to tectonic activity as it is limiterl to certain 

stratigraphic horizons and seems to have a local character with no continual late

ra 1 extension. On the contrary sedimento 1 ogica 1 studies revea 1 ed that these do 1 o

mitic breccias corresponc to an evaporite solution-collapse breccia .formation. 

The breccia clasts are consisted of cloudy xenotopic, microcrystalline,slightly 

calcian and non-ferroan dolomite, resulting by penecontemporaneous dolomitization 

of a precursor calcium carbonate sediment, under Sabkha conditions. Dolomitization 

and following recrystallization has obliterated the primary textural characteri -

sties of the sediments. Only in places cryptalgal laminites have been preserved. 

The dolomitic clasts either float in a matrix of crushed dolomite or are ce -

mented by isopachous dolomite fringes composed of clear coarse blocky dolomite 

crystals. The dolospar cement is considered a relative late diagenetic event be

cause it has precipitated on cavities and/or cracks surfaces that deve 1 oped after 

dolomitization, lithification and dissolution of evaporites by freshwater influx. 

A late-stage syntaxial sparry calcite cement coats the remaining dolospar lined 

voids precipitated from meteoric fluids. Doubly-terminated megaquartz crystals fre

quently occlude the remaining voids. Due to the well-developed cementation,porosity 

of the rocks has been strongly reduced. 

Evidence for vanished evaporites consist pseudomorphs after evaporite crysta 1 s 

and/or nodules, as well as the euhedral quartz crystals. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 



G-IVI6 
Geological structure 

of the Deep Eastern Mediterranean Sea 
(East of 25°E) 

L SAGE, J. LETOUZEY and L MONTADERT 

lnstitut Francais du Petrole, 1-4 avenue de Bois-Preau, 
92506 Rueii-Malmaison Cedex (France) 

The deformation fronts of the Cyprus Arc and of the Mediterranean Ridge, 

extending from the Turkey-Syria boundary to North Cyrenaica are the 

southernmost superficial expression of the convergence between the Eurasian 

and the African plates. They separate the Eastern mediterranean deep basin 

into two different structural units 

- A thrust belt, northward, with the presence of Cenozoic sedimentary basins 

( Iskenderun, Adana, Cilicia, Antalya and Rhodes basins). These basins, 

filled by 4000 to 6000 m of Cenozoic sediments, lie on a substratum 

composed of south vergent nappes emplaced between the late Cretaceous and 

the late Miocene. 

- A fore land area, southward, where the thick Herodotus and Levantine 

sedimentary basins, relatively undeformed, lie on the passive and subsident 

african continental margin initiated during late Triassic or early Liassic 

time. 

Due to the still active collision between the thrust belt and the 

Erathosthenes seamount, the Cyprus island was uplifted and nowadays 

represents the emerged part of the deformation front. 

During the Messinian, with the isolation of the Mediterranean Sea, evaporitic 

deposits including a salt layer, sometimes more than 2000 m thick, were 

widely distributed into the Iskenderun, Cilicia, Antalya, Levantine and 

Herodotus basins. In these basins, the Messinian sedimentation was directly 

controled by basin topography. 

The interpretation of multi-channel seismic profiles recorded East of the 

25°E allowed to establish a synthetic structural map and regional geologic 

cross-sections. Front of nappes, thrusts, faulted and folded belts, 

evaporites and salt extension, diapi.ric zones, onshore geology as well as 

reactualized bathymetry and isopaches of the salt base - sea bottom interval, 

are figured on the map at the 1/2.500.000 scale. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

G-IV17 
A review of the gravity f.ield of the Mediterranean Sea. 

Report from the Meteor-cruise no 5/6 

T. LIEBE*, J. MAKRIS* and M. SARAILH** 

• Institute of Geophysics, Hamburg University, Hamburg (Federal Republic of Germany) 
•• Bureau Gravimetrique International, Toulouse (France) 

During the last few years several sets of gravity data from 
the Mediterranean countries and sea were collected by the 
IfG and BGI and compiled into Bouguer Maps of the whole 
region. More than 200.000 point values from individual surveys, 
digitised maps and already computed grids were incorporated 

into this map, which was divided into 10 sheets and printed 
in 1:1.000.000 scale as overlay sheets to the GEPCO-bathymetric 

maps of the Mediterranean Sea. 

Figure 1.- Track chart Meteor-Cruise 5/6 

Ln summer 1987 during the RV METEOR cruise No. 5/6 in the 
Mediterranean Sea several detailed gravity profiles were 
resurveyed. Our aim was to control! the old data and establish 

their accurencies. The KSS-30 gravity meter and the GPS and 
Loran C navigation systems permit very precise measurements 
compared to those performed 20 years ago. 
The comparison between the above mentioned Bouguer maps and 
the direct gravity measurements of RV METEOR is shown for a 
line in the western Mediterranian from Gibraltar to 2 degrees 
West (see Fig. 2}. This comparison elucidates that the regional 
features of the old and the new data are in good agreement. 
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Figure 2.- Western line from Gibraltar to 2 degrees West. 

in summary it was found that: 
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- The average values coincide for both data sets. 
- High frequency anomalies, which are shown by the new 

data, could not be resolved by the old measurements. 
- The steepness of gradients are smoothed in the old data 

and differ significantly from the new ones. 

The old map permits a good regional overview over the gravity 

field in the Mediterranean but for detailed interpretations 

of geological and tectonic structures new measurements are 

recommended. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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G-IV18 

Structure and evolution of Antalya Basin 
deducted from geophysical data 

Mustafa ERGUN*, Gaven OZHAN** and Ersel Zafer ORAL*** 

• Institute of Marine Sciences and Technology, lzmir (Turkey} 
** Mineral Research and Exploration Institute, Ankara (Turkey} 
••• Ministry of Energy and Natural Resources, Ankara (Turkey} 

The objective of this study is about the structure of 
the Antalya Bay area as well as its relation with the Taurus 
belt in the northeast and west, and Cyprus in the southeast. 
After reviewing the available geophysical and geological 
data for the eastern Mediterranean in general, the analysis 
and interpretations of gravity, magnetic and seismic 
reflection data were attempted for the Antalya basin in 
proper. 

There are still a lot of controversery about the 
structure and geological evolution of the eastern 
Mediterranean, its basins and the land surrounding it 
There is an argument on the possibility of an early 
continental break-up, and the north of Africa-Arabia can be 
interpreted as the formation of a passive continental margin 
during the Late Triassic-Liassic. Evidence of rifted margins 
during this time has also inferred from different tectonic 
sequences (Antalya, Mammonia, and Hatay-Baassit nappes). 

The eastern Mediterranean is divided into several 
subbasins. As in the other parts of the Mediterranean, the 
Messinean event which is characterized by thick sequence of 
evaporities, is observed almost all of these basins. Maximum 
salt layer has been found to be reaching up to 2000 m in the 
deep Antalya basin where this thickness is controlled by 
previous topography and the structural evolution of the 
Cyprus arc in the south. 

The Antalya Bay area has a broad 100 mgal Bouguer 
gravity anomaly closure, appears to be a natural 
continuation of the Cyprus anomaly to the southeast ). This 
anomaly is terminated abruptly against the authochtonous 
Beyda~ range at the west of Antalya Bay. The eastern part 
of the Antalya Bay is free from magnetic anomalies. Main 
magnetic anomalies are located along the axis of the deepest 
part of the Antalya Bay running in the north-south 
direction. In this respect that the Antalya Bay area and the 
Antalya complex may be the extension of Troodos massif where 
the Bouguer gravity and magnetic anomalies continue under 
the sea. The Antalya complex thrusting against the Beyda~ 

range, may be the over thrusted segments of the ophiolitic 
rocks at depth of the Antalya basin giving rise to these 
magnetic anomalies. 

Seismic stratigraphic interpretation of deep 
penetration multichannel seismic data collected by the 
Turkish Geological Survey with the R/V Sismik I. using Bolt 
Airgun Array as a seismic source and 3600 m streamer, was 
attempted. One main reflecting horizon was distinguished as 
the base of Plio-Quaternary. Velocity data analysis 
indicated that the base of Plio-Quaternary can be correlable 
with the basement velocities possible of ophiolithic rocks. 
The.se basement rocks were indicated by weak and dispersed 
reflections without any special characteristics. 

The ophiolities of Antalya, Cyprus and Hatay-Baassit 
could be pieces of obducted oceanic floor where the eastern 
Mediterranean deep basins were located on remnants of an old 
oceanic basin and on an attenuated continental crust. It is 
very difficult to :r-econstruot the successive paleographies 
of the basins in the region because the area has been 
tectonized continously since the Maestrichtian. In this 
context, the north of Florence, the Antalya deep basin 
constitutes a single basin which can be interpreted as 
interdeep (or fore-arc) basin without no well-defined 
volcanic arc. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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G-IV19 
High-resolution seismic reflection (Unlboom) profiles 

In and around the head of the Anamur Submarine Canyon, 
Turkey, NE-Medlterranean 

Veda! EDIGER, Mustafa ERGIN and S.N. ALAVI 

A detailed bathymetric survey, supported by the high 
resolution seismic reflection <Uniboom) profiles was carried 
out onboard the RIV Bilim in the Bay of Anamur <Southern 
Turkey) <Figure. 1) in 1985. 

Figure. 1. Location map of the ,:;tudy 
arE:a showing the onshore 
thrust fault coinciding wl til 
the Anamur Canyon. 

The main purpose of the study was to inve,5tiga.te the 
features of an onshore thrust fault of early Tertiary in age 
beneath the sea floor, if they were present. A total of 36 
continuous seismic profiles were obtained both in N-S, and 
W-E direction. Data obtained in this st.udy has shown that 
the continental shelf and the upper slope here is dissected 
by V-shaped submarine canyon. head <Figure. 2). The rim of 
the canyon occurs at about the 100 m countour line and its 
apex is only about 1 km away from the shoreline. 

The canyon head shows a dentri tic system of tributaries 
<Figure.3) suggesting its partial erosion. during the post
glacial stage a.s the eustatic sea level fell some 100 m 
below 1 ts present level. 

UNE:A A 

Figure. 2. Sketch of a seismic profile along a survey line 
in the study area. Note the bedrock overlain. by 
unconsolidated sediments. 

Figure. 3. Distributaries and small valleys of the 
upper reaches of the canyon. 

Occurrences of moderately sorted siliciclastic gravelly sand 
around the rim of the canyon also support this view. The 
unconsolidated sediment layers were. oftan lass than 1 m over 
most parts of the sides of the canyon. This is presumably 
due to slope instability on the walls of the canyon. 

As the axis of the canyon haad. is found to be in. alignllll!nt 
with a major thrust fault onshore, it is conjectured that 
the canyon may i tsalf be the expression of tactonic 
movements. Howaver, the processes of submarine or even 
aerial erosion in the past may also ba partially 
responsible. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 



G-IV20 
Facies distribution 

patterns Inshore the Mersln Bay (Turkey) 
mapped with side-scan sonar 

Mehmet Nuri BODUR and Mustafa ERGIN 

Sn.mpling of a total of 56 surface sediments as wAll as 
bathymetric and side-scan sonar surveys were carried out. 
onboard the R/V "Lamas" inshore the Xersin Bay, Turkey 
lFig. J.). 

Seal• (km) __. 
'0 

Figure 1. Study area, Mersin Bay, TURKEY. 

The main purpose of the study was to investigate recent 
sedimentary processes and relate.d deposits in areas with 
depths less than 15 m. Grain size and side-scan sonar data 
along 29 cruise lines showed irregularities on the sea floor 
<Fig. 2>. 

'igure 2. Distribution of sedimentary facies on the sea 
floor based largely on sonographs. 

3urface sediments ranged usually from mud to sand and to 
~ravel in size with varying percentages. The presence of the 
~ravel fractions is related 1110stly with the occurrences of 
cock exposures and shell fragment·s. Gravelly and shelly 
;ediments showed a spotty pattern due to acoustic shadows. 
>andy areas appeared with a darker tone while muddy 
;ediments were generally poor reflectors and appeared with 
•,ight tones on sonographs. Rocky areas showed strong 
·eflections and shadows. 

100m 

<water d.epth = 10 m> inshore the Iersin Bay. 

he most important features found in this area were a series 
f bifurcating sand waves <Fig. 3> up to 100 m and more in 
engths. 
hese asymmetrical sand waves which are believed to be mora 
ocal and transitory reflected prevalance of coastal near
ottom currents oriented in NV-SE' direction. 

~app. Comm. int. Mer MMit., 31, 2 (1988). 

G-IV21 
Neogene grabens In the Aegean 

regional or secondary extension ? 

S.C.STIROO 

Institute of Geology and Mineral Exploration (IGME), 

70 Messoghion Street, 11527 Athens (Greece) 

New and older data reveal that local spreading is responsible for the 

formation of two major, representative Neogene grabens in the Aegean; 

consequently, these grabens do not testify to an e:<treme post-Miocene 

regional stretching of the lithosphere in this area, has been 

previously suggested. More explicitely• 

North Aegean Trough• (i) This graben is of Miocene origin, and 

consequently predates the postulated Plio-Quaternary e:<tension. <ii) The 

uniform stretching model predicts that islands bordering this graben 

result from thermal uplift, dying away from its a>:is, but geomorphological 

data show e:-:actly the other way around. (iii) Uplift of both shoulders of 

the gt-aben is observed, and not uplift of only one of them, the 

stretching model presumes (footwall uplift of the main fault). (iv) Fault 

plane solutions and seismic data showing strike slip deformation, 

bathymetry, showing deep elongated troLighs, geometry· of a master and of 

a secondary fault and folds oblique to the a:-:is of the trough suggest 

that the latter is of transtensional origin. 

Gulf of Corinth: Normal faulting dominates. but stratigraphic and 

geomorphological data, as well as the pattern of recent vertical motions 

reveal that this area resembles to two adjacent, homoaxial fold-type 
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fle:-:ures, an anticlinoid to the south, and a synclinoid to the north, 

corresponding to the uplifted area of North Peloponnesus <1800 m of 

uplift in Quaternary) and to the depression of the gulf, respectively; the 

eastern end of these fle:<ures is the Isthmus, deformed by torsion. 

This suggests that the twin fle>:ures are large folds, and that normal 

-faulting reflects just secondary gravity spreading. Ef-forts at 

e;:plaining the observed morphology as due to a fault with a variable 

throw, and consequantly with variable footwall uplift, taking their-

values in the middle of the fault <gulf) are not satisfactory, for they 

requ1re seismic energy to be concentrated in the middle of the gulf, 

sometrling completely contradictory to evidence. Besides that, the 

footwall theory predicts unrealistically large amounts of throw. 

uplifts ten times larger than what is observed. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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Paleoenvironments and Episodic Stagnation 
of the Eastern Mediterranean during the Brunhes Epoch 

Yvonne HERMAN 

Department of Geology, Washington State University, Pullman, Washington 99164 (U.S.A.) 

Paleoenyjroomeotal Beconstwctjgns 
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 and intermediate water. Globigerina bulloides, Globigerinoides gomitulus, 
Globigerinoides ruber and Globigerinoides sacculifer were employed for surface 
water, while Globorotalia inflata, Globigerina pachyderms 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 Lamont-Doherty Geological 
Observatory 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 Pseudoemiliania lacunosa 
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 (Herman and Backman, 1986). 

During glacial temperature minima, surtace 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 1o/oo higher 
than today) during the last glacial temperature minimum when climates were more 
arid than today (van der 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 laid 
down 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). 
Twelve sapropels, documenting different degrees of stagnation, occur in sediments 
representing the last 0.5 Ma. 

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= 1o/oo higher as 
compared to present day values. 
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The study of Interstitial water of a core sample 

from the Nile Cone, Southern Mediterranean 
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Alexandria University, Alexandria (Egypt) 
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The aim of this research was to establish the environmental 
conditions controlling the sedimentation pattern over the 
Egyptian margin during the Late Pleistocene ana Holocene. A 
gravity core sample of 238cm. length ana 2670m. depth was 
collected from the Nile cone region ana at a distance of 250Km. 
north of Alexandria (Lat. 33 28 2 N, Long. 30 o 9 E). The 
interstitial water of this core was analysed for salinity, 
alkalinity, Cl, S04, Ca, Mg, Na+K, NH4 ana Sl. Chemical analysis 
for interstitial water showed that it retains the original 
composition of the sea water, ana according to Valyashko (1955) 
it could be classified as oceanic type( MgS04 ;Alk<Ca ). The 
geochemical interpretation of the aata revealed that the 
anaerobic conditions are highlY associated with the excess of 
organic matter in the sediment succession. Sulphate reaution, as 
well as the aecrease of S04/Cl, NH4 ana Si in aownwara 
direction in the interstitial water (Fig.A)ana the increase of 
Alk, Alk/Cl ana Alk/S04 in the same direction confirmed this 
conclution ( Manheim ana Chan, 1974, Nasr, 1983, Gorsky et. at. 
1986). From this stuay we could conclude that the factors 
controlling the aiagensis of interstitial water of the Nile cone 
area auring the Late Pleistocene ana Holocene time could be 
summerizea in the following: 1) sea level ana climatic 
oscillations, 2) Rate of terrigenous sediment influx ana fresh 
water discharge 3) Diagensis of organic matter ana clay 
minerals ana 4) Infeltration of salts from the unaerlying 
Messinian evaporites. 
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Interstitial water and authigenic minerals formations 

In bottom sediments, South of Crimea, Black Sea 
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••• Geological Institute, Academy of Science, Moscow (U.S.S.R.) 

Detailed Study of interstitial water and lithology of the bottom 
sediments of Yelta region, south of Crimea have been carried out. 
The a1m of this work was to recognize the interaction between 
different processes leading to metamorphism of interstitial water 
and separation and formation of authigenic minerals from this 
water during the Late Quaternary time. Eleven bottom core 
samples with length of about 3m. have been collected at Yelta 
reg1on along two profiles from the nearshore to the offshore 
area(l820m.depth). Detailed lithological investigation for the 
sediments have been carried out. The interstitial water of these 
sediments was investigated for pH, Eh, salinity, alkalinity, Cl, 
S04, Ca, Mg, Na, K, NH4, P, Fe, Mn, Zn, Cu and Ni. Lithological 
study for the sediment succession showed the presence of eight 
geological facies differed from each other according to 
texture, structure and chemical composition. The study of 
authigenic minerals revealed the occurrence of three 'types of 
;ulphides(Fine-grained , coarse grained pyrite[FeS2]and greigite 
[Fe3S4] ), two types of carbonates (fine-crystalline calcite and 
lrismatic aragonite [CaC03] ), iorn oxides [Fe203.nH20). For the 
;trst time, barite [BaS04] and vivianite [Fe3(P04)2.8H20] have 
)een recorded 1n the bottom sediments of the Black Sea. 
>eochemical interpretation of the data may allow us to conclude 
:hat the main factors controlling the formation and diagensis of 
:he interstitial water of the area under investigation could be 
1ummerized in the following: 1) Increase of salinity as a direct 
•esult of connection of Black Sea with the Mediterranean Sea 9000 
rr B.P. ( Emelyanov and Chumakov, 1962, Sayles et.al. 1973, 
fanheim and Schug, 1978). 2) Biological factor expressed in 
:ulphate reduction and oxidation of organic matter. This factor 
ed to accumulation of biogenic compounds such as NH4 and P in 

.he interstitial water ( Gorsky, 1980 ) and 3) Ion-exchange 
>etween the interstitial water and sediments. This factor led to 
lirect metamorphism (Valyashko, 1981) and formation of a new type 
•f interstitial water which is calcium chloride [CaC12) instead 
•f the oceanic type (MgS04). Finally, good correlation have been 
·stablished between different types of authigenic minerals at 
tifferent horizons and chemical composition of the interstitial 
rater at the same horizons. 
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Geochemistry of s.hort core sediments off Alexandria Region 
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Since the early' twenties of this century, the ·shelf sed:i,ments 
of the Egyptian coast,specially those of the Nile delta,have been 
the interest of several geological surveys. Texture,chemistry,minerology 
and microfauna were of prime importance for these investigations.Apart 
from the long core samples collected during the Swedich Deep-Sea Exped
ition (1947-48) ,R/V ALBATROSS and R/V VEMA in the late fiftees along 
the Egyptian coast,attention was only focused to the characteristics 
of the surficial sediments. The present study aimed to represent the 
levels of some metals in short core sediments in relation to their 
organic carbon and carbonate content. 

During July 1986,short core samples (18-30 em) were collected 
from three different sites located west and east of Alexandria region 
(figure 1). Station I represents the bottom of a highly oligotrophic 
water system (24 m depth) while station II is located at the mouth 
of Rosetta Nile branch (13 m). Station III was sampled at about 25 Km 
(24 m depth) offshore from station II to represent the corresponding 
stratification at off coast locations. Collection of samples was carried 
out using a pheliger core. After collection,samples were kept freezed 
at -18°C. Organic carbon was determined according to El-Wakeel and 
Riley (1957) while the method described by Presley (1975) was used 
for determination of total carbonate content. Residual concentrations 
of Al,Fe,Mn,Cu and Ni were determined using AAS according to the method 
described by Tessler et al. (1979). The accuracy of the analytical methods 
were tested againest Standard River Sediments 1645 from NBS and were 
found satisfactory (C.V. 2-5%). 

Figure 1. The study and location of sampled stations. 

Figure 2 represents the vertical profiles of organic carbon , 
total carbonate and studied elements in sediment core samples collected 
from the three selected stations. Generally, considerable variations 
appeared between the levels recorded for the inshore stations (El
Agami and Rosetta I) .Higher carbonate levels i.e. 32-51% were observed 
at El-Agami station while carbonate concentrations in Rosetta inshore 
station do not exceed 11%. The average ratio of carbonate content 
for inshore:offshore samples in Rosetta region was 0.6:1 indicating 
the decrease of carbonate content sea-wards. El-Sammak (1987) recorded 
high carbonate levels in El-Agami area reaching >80% most of which 
are in the form of pseudo-oolit possibly derived by errosion of coastal 
formations and beaches while El-Wakeel and El-Sayed (1978) argued 
the low carbonate content of Nile sediments to the solubility of CaC03 
in Nile water. Newly deposited Nile sediments represented by the upper 
few centimeters of the core show_ed high carbonate content reaching 
2-3 times those of middle and bottom layers .However ,organic matter 
showed a reversed trend to that of carbonate (r=-0.65) with higher 
values for Nile sediments (average 1.37-1. 74%) compared to 0. 75% found 
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F:ig.Jre 2~ Vertical profiles of O.C.(%),C03(%),Fe(mg/g),Mn,Cu&Ni(ug/g)in core samples. 
west of Alexandria region. The increase of organic matter(O .carbonX1. 8) 
content with depth at station I coinc·ided to a more or less extent 
with the decrease in carbonate content and the oligotrophic nature 
of the overlying w·aters. The enrich1!lent of the top layer of Rosetta 
I core with organic matter could be explained by the increased rate 
of deposition of fine grain sediments high in organic content at the 
mouth of Rosetta Nile br,anch. 

The enrichment of all studied elements was observed in the top 
layer of core samples(figure 2)collected from stations II and III as 

!~~!~~t(~x .bJ'.1 ~~~O~i~~- 0;~~~~~~~ .~;ii~-3c:ao1.cous\atoe-1 f~~r c:.u:::;:ct~ v!~~): 
This increase was followed by a sharp decrease .then a nearly const
ant profile to the core bottom. The gradient of metals decrease with depth 
was maximum between 3-6cm for station II but between 0-3cm for station 
III due to different depositional regimes.In station !,higher levels 
of different studied elements were observed at bottom levels(below 
9. cm)with maximum values always between 9-12cm(figure 2). The high 
carbonate content of station I may act as a diluent factor for these 
elements in sediments.Co-variation between different metals and the 
carbonate content showed always negative correlations(r= -0.75, -0.62, 
-0.31 & -0.39 for Fe,Mn,Cu & Ni,respectively).On the other hand,studied 
elements showed significant positive correlations with organic matter 
content specially Cu(r=0.66)reflecting their tendency to form organo
metallic complexes. Fe&Mn show a good positive correlation with each 
other( r=O. 95) indicating their incorporation within the sediments. How
ever, the efficiency of Mn02 particules to transport Ni ions from the 
overlying water to sediments was reflected on the high correlation 
observed. between both elements (r= 0. 752). 
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Sea level rise In Alexandria during the Late Holocene 
archaeological evidences 

Mahmoud Kh. EL-SAYED 

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

The Mediterranean Sea as such is regarded as a natural historical 

museum in which the eventual history of various civilization is dis

played. Most of the submerged ruins are Hellenistic quays, harbours, 

village, statues, shipwrecks and other artifacts. 

Since its construction in 332 B.C, Alexandria became one of the 

main centres of Hellenistic civilization. The sea level has greatly 

changed in Alexandria than during the Ptolemis and Roman times (Breccia,l922). 

Alexandria was also subsided (2-3 m) during this period, this was obser-

ved in the necropolis along the coastal area. Direct evidences for 

the subsidence of the earth's crust accompanied by the rise of sea are 

the submerged Roman ruins in the Eastern and Western Harbours of Alexa

ndria and in Abu Qir Bay (Jondet, J.Ol6; Tousson, 1934; Morcos, 1985). 

Several observations were made on the coastal stretch of Alexandria 

emerged and submerged coastal structures, excavated pools & necropolis 

to derive the original sea level following the method of Flemming (1969). 

Table 1. Ancient sites in Alexandria, with age in millenia, relative 

displacemnt in m, average rate of displacement. 

Name Age Depth Depth/age 

(millenia) (m) (m/millenium) 

Pharos 2.3 0.86 

(lighthouse) 

Timonium 2.0 2 .o 
Antirrhodes 2.0 1.0 

Cape Lochias 2.0 1.0 

Hercules T. 2. 2 1.8 

Isis T. 2.0 1.5 

St. Chyr Ch. 2.0 1.5 

The ancient sites in Alexandria with approximate age in millenia 

and relative displacement in meters are shown in Table 1. A vertical 

movement on the coast of Alexandria is of 1-2 m/millenium downwards. 

Although, no concrete relation was found b.etween age and depth of sites, 

a relative vertical displacement higher than the effect of the rise of 

sea level is obvious. Therefore, the eustatic factor is accompanied by 

a tectonic factor in Alexandria. Tectonic factor accompanied by the 

warping of the Nile Delta resulted the subsidence of the coastal area. 

Broadus~~ (1986) found that the rate of subsidence of the Nile Delta 

is in the order of 5-6 m every few thousand years. As sea level rises 

the wedge of salt water that underlies the delta fresh ground water is 

forced further inland. This ground. water seriously affect most of the 

coastal antiquity sites along Alexandria. 

A prospective scenario assumes a 1 m rise in relative sea level 

over the next 100 year in the delta of Egypt: this can be thought of as 

a 50 em rise in eustatic sea level combined with 50 em increase in 

local subsidence (Hoff111an ~ &·.• 1983). This rise would affect at least 

15 % of Egypt's current gross domestic product (Broad us ~ ~·, 1986). 
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Application of factor analysis to the geochemical data 

of Alexandria shelf sediments 
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Introduction: 

The shelf of Alexandria encompasses two depositional sedimentary 

environments (El-Sayed, 1979); this area has well-defined geochemical 

and mineralogical provinces (El-Sayed, 1981). This paper discusses the 

application of the Factor Analysis (F.A) to the geochemical data of 40 

bottom sediment samples collected from the inner shelf of Alexandria 

(Fig. 1) and representing the d-ifferent sediment constituents. 

~: 

Powdered samples were totally digested by a mixture of strong 

acids; quantitative chemic.al analysis was carried out in an AAS for 

the determination of major elements and some trace metals. 

The raw geochemical data were classified objectively using F.A. 

The F .A starts by the construction of a correlation coefficient matrix, 

then the extraction of eigenvectors and eigenvalues. The final step 

is the varimax rotation technique to achieve a simple structure to the 

ro·tation of the factor matrix. 

Reaul ts and discussion: 

The average concentrations of the geochemical parameters are as 

follows: 19.46% Si02 , 11.76% Alz03, 31.03% GaO, 5.72% MgO, 1.12% 

Fe203, 0.14% Ti0 2 , 0.53% NaO, 0.14% K20, 0.05 MnO, 66 ppm Cu and 

52 ppm Ni. 

The rotated factor matrix is shown in Table 1, while the plot of 

the first two factor is presented in Fig. 2. Results of the F.A reveal 

that three factors account for 70 % of the initial information. Factor 

1 accounts for 33.7 % of the total variance and characterizes the asso

ciation of Ca-Mg and Na and the inverse association of Fe-Mn. It is 

mostly a carbonate factor which define the skeletal and non-skeletal 

carbonates in the area and the chemical interaction between iron and 

manganese. Factor 2 accounts for 19 % of the total variance and des

cribes an alumino-silicate associati·on which strongly reflects the 

terrigenous and relict origin of most of the sediments. Factor 3 which 

accounts only for 17.4 % of the total variance defines a K-Fe-Mn asso

ciation. This factor reflects the feldspar-clay mineral association 

which is largely contributed through terrigenous agencies. 

The F .A provides a powerful approach to the interpretation of vild 

geochemical data in a rapid and explicit vay; it also enable the iden

tification of the different sources and association of elements in the 

inner shelf of Alexandria. 
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NUe Delta shoreline changes : 

aerial photographic study of a 28-year period 
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ABSTRACT 
Airphotographic analysis is used to detect erosional and 
accretionary changes, and to define coastal features along 
some stretches of the Nile Delta coast of Egypt. Two series 
of aerial photographs, taken in 1955 and 1983 were applied to 
three unstable coastal zones: the Rosetta and Damietta 
promontories, and the Burullus-Baltim sector. Comparison of 
the two successive photo surveys serve to monitor the impact of 
the Nile River control and the coastal dynamic regime. The study 
reveals that the outer margin of both Rosetta and Damietta 
promontories seem to be the most eroded areas. These promontories 
are retreating due to the cut off the sediment supply after 
damming the river. The estimated highest rate of erosion during 
the 28-year period is: 114, 9 and 31 meters per year, 
respectively, at Rosetta, Baltim and Damietta sectors. Remarkable 
accretionary patterns are also coupled with shoreline erosion, as 
has been noticed on the eastern side of the two promontories, and 
to the west of Burullus inlet. Moreover, photographic analysis 
helps to detect some salient coastal features such as the 
ancient coastal sand ridges east of the Rosetta and Damietta 
promontories, and a distinct spit southeast of the Damietta 
promontory. 

DISCUSSION 
A comparison of the set of 1955 and 1983 aerial photographs 

and maps constructed based on these indicates that during the 28 
year study period, the outer margin of the Rosetta and Damietta 
promontories have been eroded (Fig. 1 a&c) . The highest erosion 
rates are 114 and 31 m per year, respectively. The Burullus
Baltim sector along the coastal zone of the delta ie erosional, 
with greatest rate of 9m per year (Fig. lb). This investigation 
of airphotographic analysis is also coupled with earlier coastal 
dynamic factors (waves, littoral currents and tides) affecting 
the coast in this region published by others Manohar, 1976; 
Quelennec and Manohar, 1977; Khafagy and Manohar 1979; Fanos, 
1986). The coastal processes affecting the two promontories 
appears to operate in a similar manners: much of the eroded 
materials from the tip of the Rosetta and Damietta promontories 
is transported easward by littoral drift and accreted on the 
the eastern parts of the promontories. Moreover, there has been 
formation of a spit on the same (eastern) side of the Damietta 
promontories. Also of note in the 1983 aerial photos is the 
shoaling of the entrance of Burullus inlet and the mouth of the 
Rosetta Nile branch a phenomenon which caused navigational 
problems particulary to fishing boats. 

In summary, it can be ascertained that the observed erosional 
and accretionary patterns along the three investigated sectors 
resulted from the interaction of the prevailing coastal processes 
and decrease of sediment supply from the Nile River upon 
completation of the Aswan High Dam in 1964. 

Figure 1. Shoreline changes at the three study areas during the 
28-year period, from 1955 and 1983. Points ( *) denote 
the highest rate of erosion, 114, 9, and 31 meters per 
year respectively at Rosetta, Baltim and Damietta 
sectors. Arrows indicate the directions of dominant 
littoral currents; the frequency is denoted by the 
percentages. 
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National Institute of Oceanography, 
Israel Oceanographic and Umnological Research, 

Tel Shikmona, P.O.B. 8030, 31080 Haifa (Israel) 

Recent geological and geophysical investigations of the Dead Sea rift indicate 
that the rift was formed by oblique tectonic offsets, consisting of both normal 
and strike-slip component,s. Most geological and geophysical observations are 
apparently conformable with both offsets, such as the occurrence of normal and 
strike-slip faults along and within the rift, the sedimentological evidence of the 
subsidence rate of the rift floor, the occurrence of mesozoic basement underneath 
the rift-fill, the thinned crust and the anomalously low seismic velocity in the 
upper mantle underneath the rift, the southward increase in heat flow and the 
ENE-wsw trending in situ extensional stress in the rift and its western margin. 
The quantitative ratesof horizontal and vertical displacements are not known, but 
updated geological and geophysical evidence suggests extensional opening of 15-20 
km, lateral displacement of approximately 10, km and crustal thinning of 25-30 
percent. 

Some of the important geological evidence from the rift seems inconclusive, 
such as the solutions of earthquakes focal mechanisms, which are poorly 
constrained, or the lengths of the intra-rift basins, which are unrelated to the 
strike-slip displacement. Inconclusive also is the significance of the occurrence 
of contemporaneous, isofacial sedimentary sequences at the facing flanks of the 
rift, with the eastern occurrences located some 100 km north of their 
corresponding sites on the western flank. This finding could be attributed to the 
depositional NNE-SSW sedimentary facies trend that commonly prevailed in the 
region from the Triassic to the present. 

Studies in the northern Red Sea and the Suez rift showed that the extensional 
tectonic regime of the northern Red Sea prevailed there continuously since the 
early Miocene. The Suez rift became tectonically inactive in the late Miocene, 
and the northern extension of the Red Sea spreading center jumped eastwards and 
formed the Dead Sea rift in the early Pliocene. An arcuate system of rifts in the 
northern Red Sea changes its trend northward from NNW-SSE to NNE-SSW, and 
continuously extends from the Red Sea into the Gulf of Elat. These rifts are 
interpreted as products of an extensional tectonic regime, and suggest that the 
axis of the northern Red Sea incipient spreading center extends into the Gulf of 
Elat. This interpretation is conformable with observations from the central 
Jordan valley and from the Sea of Galilee, that indicate the unlikelihood that 
large lateral offset occurred along the Dead Sea rift there. 

The discussion concerning the tectonic origin of the Dead Sea rift is far from 
settled,. but it •. seems that the available data are compatible with the model 
suggesting that the rift is an incipient spreading center extending from the Red 
Sea, the separation across this young spreading center is oblique, but the lateral 
offsets are secondary to the vertical displacements. 
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G-IV3o 
Le ·rOle de l'herltage dans Ia formation 
des bassins et des marges oceaniques. 

Les exemples du bassin Llguro-Provenc;al, 
de Ia mer Rouge et de Ia marge Armorlcalne 

Alain COUTELLE 

Universit~ de Bretagne Occidentale, GIS 12, 6 avenue le Gorgeu, 29287 Brest (France) 

Le terme de "modele", primitivement can tonne aux sciences experimentales, s'est progressivement diffuse 
dans le langage geologique grnce a !'importance grandissante du role de Ia geophysique dans Ia compre
hension des phenomenes geologiques. Cependant, !'usage generalise de ce mot ne peut pas dire qu'il a Ia 
meme signification pour chacun. Pour les geophysiciens, il n'est qu'un outil intellectuel indispensable 
pour ordonner les resultats d'une mesure. Pour beaucoup de geologues, il s'agirait d'une proposition 
beaucoup plus concrete, analogue, par exemple a Ia traduction a une echelle plus petite d'un lever de 
terrain detaille. 

Quelques exemples vont nous montrer comment les structures observables de quelques domaines marins 
peuvent s'ecarter notablement d'une "structure" theorique deduite le plus simplement possible d'un mo
dele geophysique. Ceci nous amenera a mettre en evidence le rOle determinant de !'heritage structural 
dans Ia n\ponse du domaine continental ol. Ia formation d'un domaine oceanique. 

La morphologie d'ensemble de Ia Mer Rouee et des reliefs qui l'encadrent constitue un cas tout a fait pe
dagogique pour illustrer une separation commen~tante de blocs continentaux. On notera : 
- Ia remarquable concordance du trace des rivages orientaux et occidentaux ; 
- Ia correspondance des bordures montagneuses littorales, de sorte que, comme l'a note MC KENZIE, les 
courbes de niveau des 1000 m se correspondent ; 
- le fait que, compte tenu de l'ouverture d'amplitude croissante du N au S, les fonds oceaniques 
n'apparaissent que dans Ia moitie sud de Ia mer selon une etroite bande axiale. 

II n'est pas, jusqu'a !'existence du triangle des Afar et de Ia "Bielette danaldle", qui ne renforcent 
!'impression d'un passage simple des faits a un modele theorique, y compris avec une complication locale 
permettant d'affiner !edit modele. 

On comprend qu'une telle morphologie ait pu suggerer a certains auteurs que !'ensemble du fond de Ia 
Mer Rouge, du Golfe d'Aden et de l'essentiel du triangle des Afar ait pu !tre oceanique. Les donnees 
geophysiques de forages et d'etudes directes conduisent a limiter l'etendue du domaine typiquement 
oceanique. Celui-ci constitue le plancher d'une vallee axiale entre 15° et 20° N puis, au-del>\ vers le N, le 
caractere oceanique n'apparalt plus que ponctuellement au sein de fosses, parfois ol. saumures, et dont Ia 
plus septentrionale est Ia fosse Jean Charcot (Shahan), sur le, 266 parallele. On peut penser qu'une telle 
disposition signifie que l'oceanisation ne s'effectue par selon un processus continu a Ia maniere d'une 
"fermeture eclair", mais d'une fa~ton discontinue, par coalescence progressive de zones pionnieres. 

L'examen des caracteres geologiques de ces fosses et de Ia vallee axiale qui les contient montre que ces 
structures apparaissent dans un contexte d'extension limitee, en tout cas facilement compense. La forma
tion des fosses semble resulter d'un defaut ponctuel de cette compensation lie au passage d'un accident 
transverse ol. !'axe de Ia vallee. 

En ce qui concerne Ia vallee elle-meme, ses limites, sa structure d'ensemble et sa constitution geologique 
sont assez bien connues. En accord avec Ia remarquable symetrie de Ia morphologie des bordures de Ia 
Mer on pourrait s'attendre ol. ce que cette vallee "axiale" se localise avec precision au niveau de !'axe de Ia 
Mer Rouge. En fait, le trace s'en ecarte notablement. L'examen des faits gt\ologiques aboutit a une 
conclusion qui rejoin! celle obtenue sur les fosses, c'est-a-dire que Ia localisation de Ia vallee est sous le 
contrOie d'accidents dont les directions sont differentes de celles qui regissent !'aspect d'ensemble de Ia 
Mer Rouge. Un simple examen des cartes des regions qui encadrent Ia Mer Rouge permet de retrouver 
ces memes families de direction N-S, N45, Nl30. 

Les processus de l'ouverture de Ia Mer Rouge et parmi eux, les phenomenes thermiques, ont done bien 
contrOie Ia disposition generale des reliefs crees lors de cet episode. Cependant, ceci ne s'est pas exprime 
par Ia formation de nouvelles structures propres au processus, mais par le reemploi de structures pre
existantes. Ailleurs, tout s'est passe comme si ce reemploi avait modifie !'expression du phenomene pro
fond, jusqu'a provoquer des ecarts importants entre le trace theorique de Ia vallee axiale et sa localisation 
reelle. II a pu aussi induire Ia formation des fosses, introduisant ainsi des facteurs de discontinuite dans 
une oceanisation que les masses mises en jeu imposent de supposer continue. 

Dans le cas du Bassin Lleuro-Proven\'al, une etude des niveaux supra-evaporitiques et du diapirisme qui 
les affectent a mis en evidence des families de directions structurales qui ont guide Ia mantee des diapirs 
et contrOie certains dispositifs sedimentaires. Scht\matiquement, certaines zones du pied de l'eventail 
profond du RhOne apparaissent structurees selon des directions N-S et E-W, tand'is que d'autres, plus au 
Sud, sont structurees selon des directions NE-SW et NW-SE. Toutes les directions se retrouvent sur le 
continent, mais divers arguments conduisent a voir dans Ia deuxieme famille une caracteristique du fond 
oceanique local, correspondant aux directions de transformation et d'accretion. 

On voit done que Ia formation d'un fond oceanique lie a Ia derive du bloc corso-sarde s'est ici accompli 
en suivant les guides de Ia fracturation continentale primitive. Comme celle-ci est le reflet du reseau 
rhegmatique regional, on doit admettre que celui-ci est le guide unique de Ia structuration continentale 
aussi bien qu'oceanique. 

Le talus continental qui s'etend du Canyon du Cap Ferret l I'Eperon de Goban borde au N le fond 
oceanique du Golfe de Gascogne. C'est sur cette marge qu'ont ete mis au point les modeles 
d'amincissement de Ia crot\te continentale par constitution de blocs bascules et failles listriques. Ces acci
dents sont decrits comme ayant un pendage systematiquement oceanique et des rejets croissants du conti
nent vers !'ocean. Une telle disposition expliquerait mecaniquement l'amincissement. En principe, les 
blocs bascules ont un allongement paralle!e a Ia marge et sont de plus en plus "bascules" au fur et a me
sure que l'on s't\carte du continent. 

La direction generale du talus etant Nl20, on devrait s'attendre a trouver des blocs ayant cet allongement 
separes par des failles listriques prt\sentant cette mcme direction. Une famille d'accidents transversaux 
plus OU mains perpendicuJaices devrait PQ!JVOir egalement y !tre observee. 

En pratique, une etude minutieuse des tr6s nombreux profils sismiques disponibles sur cette zone, parti
culierement entre Ia Terrasse de Meriadzek et I'Eperon de Goban ne permet pas de mettre en evidence 
ces directions "previsibles". On y releve seulement deux familles tres dominantes a N60 et Nl30 qui, se
lon les lieux, jouent l'une en faille normale et !'autre en decrochement. Vers Meriadzek, c'est Ia direction 
N130 qui est decrochante, au S de Goban, c'est !'autre famille. De plus, si les regards •oceaniques• des 
failles normales sont les plus frequents, ils sont loin d'etre les seuls et certaines portions de profils pre
sentent une simple succession de horst et de grabens. A une autre echelle, on notera que les points a se
dimentation urgonienne s'alignent sur les zones ascendantes du continent voisin landis qu'ailleurs, Ia se
dimentation marneuse de mcme age correspond aux regions a tendance negative. 

Nous sommes done ici tres loin de ce que les modeles d'amincissement laissaient supposer. La structure 
d'ensemble est beaucoup plus le reflet de Ia remise en fonctionnement d'un dispositif herite que de Ia 
creation d'une nouvelle structure adaptee au contexte tectonique. Ceci se con~toit d'autant mieux qu'il 
s'agit d'une tectonique en distension mais oblige a se poser Ia question de Ia signification d'un "modele" 
ainsi prive de toute possibilite d'expression. 

Ces trois exemples illustrent le rOle de !'heritage continental dans Ia structuration des domaines ocea
niques. Cela doit rendre prudent dans le choix des faits destines a constituer un modele. Certains peuvent 
etre directement !'expression des phenomenes que !'on se propose de dt\crire, d'autnll n'en sont qu'un re
flet lointain et infidele. Ceci, dans !'hypothese favorable ou des faits suffisants etayent le modele. Dans 
d'autres cas, l'ecart est tel qu'on doit se poser Ia question de Ia validite de celui-ci. 
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Asymmetric distribution of Crust In the Northern Red Sea. 

Evidence for shear controlled early oceanlsatlon 
(Pull Apart Model) 

Jo• 

,s• 

R. RIHM and J. MAKRIS 

Institute of Geophysics, Hamburg University, Hamburg (Federal Republic of Germany) 

The crustal structure of the Northern Red Sea was established 
from the results of several geophysical campaigns: Seismic 
observations show on the western flank an abrupt change from 
continental to oceanic crust only 25 km offshore Egypt, 
while on the eastern flank thinned continental crust extends 
almost into the center of the Red Sea. This asymmetry is also 
expressed in the gravity field as the computations of two

dimensional gravity lines show. 

Jo• 
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Figure 1. Pre-Red Sea-Rift. Figure 2. Creation of Pull-Apart 
Basins along the Western 
Red Sea Margin. 
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Figure 3. Stretching of continental 
Eastern Red Sea Margin. 

Figure 4. Sea floor spreading in 
the Axial Red Sea Trough. 

The data implicate, that.different tectonic processes were 
relevant during the Red Seas evolution: 
-continental stretching affected·only the eastern 

margin of the northern Red Sea. 
- Recent sea floor spreading in the axial trough 

was preceded by 
- early oceanicsation in pull apart basins. along the 

western Red Sea margin. 

Those pull apart basins were generated by strike slip movement 

along major transcurrent fault, which obliquely cut an old 

zone of structural weakness, the pre Red Sea rift. 
Displacement of the fault along the rift facilitated sub
sequent oceaniesation of the pull apart basins. 
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G-V2 
Seismic, Gravity and Magnetics Surveys 

In the Central Red Sea : 
their Interpretation and Implications 

for the structure and evolution of the Red Sea 

Y.A.IZZELDIN 

Geophysics Department, Ministry of Energy and Mining, Khartoum (Sudan) 

While there is unanimous agreement that the axial part of the 

Red Sea has witnessed seafloor spreading since the early Pliocene, 

opinions diverge considerably with regard to the situation in 

the main trough and shelves. New, high-precision data comprising 

palaeomagnetic, seismic, gravity, magnetic, and bathymetric 

measurements from the central and northern parts of the Red 

Sea have been examined to discriminate between the earlier 

proposed hypotheses, and to formulate an evolutionary model 

for the Red Sea. The results show that oceanic crust extends 

for at least 80 km (at 19°N) on each side of the spreading axis. 

Symmetrical seafloor spreading magnetic anomalies are recognized 

out to: anomaly 3A (6 m.y.B.P.) between 18°30 1 and 19°4S'N; 

anomaly 2A between 19°45' and 20°N and near 21°N; anomaly 

2 near 22°N and only anomaly 1 near 23°30 1N. Although anomaly 

3A is the oldest recognizable magnetic anomaly, the extent and 

configuration of the oceanic basement as determined from 

seismio measurements indicate that spreading has occured and 

continued without a hiatus since 10-12 m.y.B.P. 

c: 
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Seismic interpret:llion map: results from 21 coast-to-coast multichannel seism•c 
renection profiles showing boundari"5 or lh~ difkrent types of basement and 
bc:lts of rocksalt. Crosses indicate intermediate crust which separates definite 
continental from definite oceanic crust. Outcropping oceanu; crust is hatched. 
whereas belts of rod: salt are stippled. 

The definite continental crust is restricted to an approx.30 km 

wide stripe along the Red Sea coastlines. The area of "inter

mediate crust", separating the well defined types of crust, is 

that of maximum sedimentary coverage, which was elucidated by 

wide angle reflection and refraction profiles in early 1988. 

Those results indicate that on the western flank off Sudan 

the nature of this intermediate crust is oceanic. 
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Crustal structure of the Central and Southern Red Sea. 
New seismic data 

M. BOBSIEN*, M. FRANKE*, Y. IZZELDIN**, J. MAKRIS*, K. MEIER*, T. NOMAN*** and R. RIHM" 

• Institute of Geophysics, University of Hamburg, Hamburg (Federal Republic of Germany) 
•• Geophysics Department, Ministry of Energy and Mining, Khartoum (Sudan) 

••• Ministry of Oil and Mineral Resources, Sana'a (Yemen Arab Republic) 

Crustal Structure of the Central and Southern Red Sea -
new Seismic Data 

In early 1988 an onshore/offshore geophysical experiment was 
carried out in the central and southern Red Sea. Main areas of 
interest were the western flank off Sudan and the eastern flank 

off the Y.A.R. In both areas seismic profiles cro·ssed the entire 
structure from the newly formed oceanic crust in the axial 
trough into the old continental blocks of the African and 
Arabian Shield. Energy was generated using explosives and a 

large airgun a=ay. 
Evaluation of wide angle reflections and refractions permitted 
in both areas precise delineationg of ocean-continent transition. 
The results show that 
- the axial Red Sea Trough is floored by young oceanic crust, 

- the western flank offshore Sudan contains a major portion 

of older oceanic crust, overlain by thick sedimentary series. 

A significant part of these sediments lies below the mid
Miocene evaporites and is characterized by low p--wave velocity, 

- the eastern flank offshore Yemen is made up of stretched 
continental crust and does not show sediments of pre-evaporite 
age. 

so 53 

RED SEA 88 

A microseismic array of eleven units had been deployed in the 

Suakin Deep (axial trough offshore Sudan) covering an area of 

approx. 400 km
2 • The evaluation revealed an astonishing 

high microearthquake activity of approx. 100 events per day. 

Localisation of hypocenters permitted exact delineation of 
active fault and fracture systems. 
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Similitudes entre les elements structuraux majeurs 
aux llmltes Afrlque-Medlterranee en Tunlsle 

et Amerique du Sud-Caraibe a l'est de Trinidad 

C. BOBIER', C. VIGUIER .. , T. CHENNOUF' .. et R. GRIBOULARO' 

• Oepartement de Geologie et Oceanographie, Universite de Bordeaux 1. 
UA 197 CNRS, Avenue des Facuh~s. 33405 Talence Cedex (France) 

•• Laboratoire du Genie Civil, I.U.T. "A", Universite de Bordeaux I (France) 
••• Faculte des Sciences d'Oujda, B.P. 1041, Rlad Oujda (Maroc) 

Les elements structuraux majeurs cara.cterist:fques Cie 1a Tunisie Atlasique, au N. 
de la plateforme saharienne,. sont induits, pour 1 'essentiel, par le jeu de decroche
ments conjugues. Lea etudes de terrain et/ou les analyses de profils sismiques 
conduites dans la region des Chotts, le paleo-archipel de Kasserine, le Sahel de 
Mahdia, les bordures du Golfe de Tunis, la presqu i:le du Cap Bon et le Plateau 
Continental oriental, reviHent une meme logique des deformations. Les plis en echelon 
frequemment flexures, les chevauchements, diapirs, failles, fosses, sillons sur 
decrochements ••• entrent dans un systeme cisaillant de decrochements majeurs 
dextres, grossierement E - W , et senestres, sub-meridiens'(1) (Fig. 1). 

Les sections sismiques montrent que la plupart de ces elements s 'enracinent en 
s'amortissant dans des niveaux de disharmonie et de decollement, tout particuliere
ment dans les sequences triasiques. Plus recemment, les profils de sismique-refraction 
"Campagne E.G.T.85" confirment que cette tectonique de couverture se developpe sur 
une croOte continentale localement amincie. 

Lea modeles physiques conduisant a ce type de schemas de deformations de la 
couverture impliquent au niveau du socle le jeu des decrochements de mime nature. 
Par ailleurs, 1 'intensite des cisaillements, en particulier dextres E - W, s'ampli
fie tres notablement au Nord de la Tunisie. 

De ce fait le"contact" Europe-Afrique, au niveau du secteur Sicile-Sardaigne
Tunisie, tend a apparaitre comme une partie d 'un couloir de decrochement dextre, 
latitudinal, large et complexe, en liaison avec 1 'Arc Calabrais a 1 'E. immediat. 
Il doit ihre envisage comme la resultante d'un differential des vitesses des conti
nents derivant tous les deux vers 1 'Est. 

A 1 'E. de Trinidad, dans le prolongement du couloir de cisaillement E - W dextre 
de Paria-El Pilar, a la limite de la plateforme guyanaise et des Caraibes, l 1 etude 
des profils sismiques et 1 'analyse morpho-structurale des cartes bathymetriques 

(2 et 3)amenent a proposer un schema structural en de nombreux points comparable a 
celui de la Tunisie Atlasique ; ici encore existe un niveau de decollement, 
responsable par ailleurs de 1 'apparition du prisme d 1 accretion de l'Arc des Antilles 
et un differentiel des vitesses de derive vers l'Ouest peut etre evoque comme origine 
du phenomene structural general. (Fig.Z). 

Dans ces deux zones de meme echelle et de meme position geodynamique de deux 
domaines eloignes issus de la Thetys, le meme type de reponse est enregistre. 

1) C. BOBIER, C. VIGUIER, 1988 

Place of the interactions dias.tr<>ophisme--change of sea level - climatology in 
the genesis and evolution of some tunisian sedimentary basins from Kasserine 
Archipelago, Sahel, Cap Bon and Pelagian Sea. 
A.A.P.G. Mediterranean Basins Conference, NICE, September 1988. 

2.) CHENNOUF T., 1987 

La Terminaison sud de la ride de la Barbade ; etude des relations tectonique -
sedimentation par application de la stratigraphie sismique. 

These Universite P. et M. Curie, PARIS. 

3) P. FONTAS, R. GRIBOULARD et R. PRUD 'HOMME 

Morphogenese d'un prisme d'accretion et variabilite du style de deformations 
sur une marge active. Apports et specificites des resultats d 1 une analyse carto
graphique interpretative sur la ride d la Barbada. 

Geodynamique des Caraibes , Symposium, PARIS, S-8 Fevrier 1985, 
Edit. Technip, page 221-223. 
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Recent sea-floor spreading In the North FIJI Basin : 
first results of the French-Japanese Kalyo 87 cruise 

Jean-Marie AUZENDE, Eiichi HONZA (Co-Chefs de Mission), Xavier BOESPFLUG, Satendra OEO, 
Jean-Philippe EISSEN, Jun HASHIMOTO, Philippe HUCHON, Junishiro ISHIBASHI, Yo IWABUCHI, 

Philip JARVIS, Masato JOSHIMA, Kiyoyuki KISIMOTO, Yasuto KIUWAHARA, Yves LAFOY, 
Tsuyoshi MATSUMOTO, Jean-Pierre MAZE, Kiyohiko MITSUZAWA, Hiroyasu MONMA, 

Takeshi NAGANUMA, Yukihiro NOJIRI, Suguru OHTA, Kiyoshi OTSUKA, Yoshihisa OKUDA, 
Hel~ne ONOREAS, Akira OTSUKI, Etienne RUELLAN, Myriam SIBUET, Manabu TANAHASHI, 

Takeo TANAKA et Tetsuro URABE 

The North Fiji Basin (NFB) was created by oceanic spreading at the back of the 
New-Hebrides arc in response or creating the clockwise rotation of this arc, 
beginning 8 to 10 My ago, from an initial position near the present location of 
the Vitiaz zone.Several models explained its formation (Chase. 1971 ; Gill and 
Gorton, 1973 ; Dubois et al., 1973 and 1977 ; Falvey, 1978 ; Malahoff et al.. 1979; 
Kroenke,1984 ; Auzende et al., in press) which, even if it is still not fully 
understood in details, can be summarized as follows : (a) 10 to 8 My. reversal of 
the polarity of the subduction along the Vitiaz zone due to the collision of the 
Ontong Java plateau near the Salomon arc. (b) 8 to 3 My, start of the accretion 
along an axis initially roughly parallel to the Vitiaz zone ; clockwise rotation 
of the New-Hebrides arc (the spreading progressively turns from a N120 to a N150 
direction) and counter clockwise rotation of the Fiji plateform (with a spreading 
centre north of the Fiji islands which turns progressively from NlZO to N90). The 
Hunter zone is at this time functioning as a fracture zone only near its eastern 
end. (c) 3 to 0.7 My, spreading jump in the central NFB from N150 to a NS 
direction at the same time as the beginning of spreading in the Lau Basin. 
Possible cessation of the spreading north of the Fiji islands. (d) 0.7 My to 
present, local modification of the spreading in the central NFB between 15"S and 
18"30'S, creation of a triple junction (ridge-ridge fracture zone) near 16"40'S 
with a southern branch oriented N15, a northern branch oriented N160 and the 
prolongation of the North Fiji Fracture Zone (FNFZ) toward the east oriented N60 
in this area (Lafoy et al., 1987). (e) Recently, creation of a new spreading area 
roughly EW trending in the northern NFB along the South Pandora ridge. 

We will present here the preliminary results of the Kaiyo 87 cruise. 
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Figure 1. Location map of Seapso 3, Moans Wave ad Kaiyo 87 cruise&. Thin lines : 
Seapso 3 profiles, heavy lines : Kaiyo 87 profiles, S1, SZ and S3 : 
Seapso 3 cruise complete coverage Seabeam boxes, K1 and KZ : Kaiyo 87 
cruise complete coverage Seabeam boxes, M1 and MZ : Moans Wave Seamarc 
survey. 

In December 1985, the Seapso 3 cruise of R.V. Jean-Charcot in the NFB allowed 
to precise the geometry of the NS spreading system (Auzende et al., 1988) and to 
present some hypothesis concerning the evolution of the entire NFB (Auzende et al., 
in press)· After the Seapso 3 cruise, Japanese (STA : Science and Technology 
Agency) and French (IFREMER) decided to build a cooperative program (STARMER) to 
improve scientific knowledge of the rift system in the North Fiji Basin. The Kaiyo 
87 cruise (November 28th 1987 to 2nd January 1988) was the first phase of this 
common project. It has been carried out on the semi-submersible catamaran R. V. 
Kaiyo fitted out by the JAMSTEC (Japan Marine Science and Technology Center) and 
equipped with a multibeam echosounder (Seabeam), single and multichannel seismic 
systems. a magnetometer, a deep towed side scan sonar, a deep towed TV photographs 
system, a CTD rosette for water sampling and dredges. 

The main goal of the cruise was the detailed study of tne spreading system in 
the axial part of the NFB and the study of the associated hydrothermal activity. 
For that, a large scale survey has been performed with nine Seabeam, magnetic and 
single charmel seismic long profiles (100 miles) across the central part of the 
basin. Then two complete coverage Seabeam boxes have been surveyed : one around 
the triple junction of 16.40S (Lafoy et al., 1987 ; Auzende et al., in press), the 
second one along the axis between 18.10S and 16.30S. At last, rocks sampling, 
hydrocasts. and deep towed videos and photographs observations have been carried 
out illl along the axis (fig. 3). 
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Maquette du Deep-Sea Fan du Rhone a l'echelle du 1/200.000 

etablie a partir des proflls Sea-Beam 

Gilbert BELLAICHE, Laurence DROZ, Vincent COUTELIER et Bela SZEP 

Laboratoire de Geodynamique Sous-Marine, Universite P. et M. Curie (Paris VI). 
B.P. 48, 06230 Villefranche-sur-Mer (France) 

Une maquette du deep-sea fan du RhOne a ete n~cemment reansee 3 partir de la 

carte etablie gr.§.ce aux profils bathymetriques provenant des campagnes Profans-Deltarho 

du N/0 11Jean-Charcot11
• 

Elle repr€-sente, tr€-s fidelement grace au sondeur multl-faisceaux sea-beam, la 

topographie sous-marine entre les profondeurs de -2580m et -200m. Les cotes superieures, 

sous-marines (0, -200m) et continentales (0, + lOOOm) ont ete reconstituees a partir des 

donnees preexistantes (sondeurs mono-faisceaux, cartes de J'Jnstitut Geographique National). 

Les Jimites de cette maquette sent les suivantes : 4 J 0 00N-43°35'N; 04° J O'E-06°00E. 

Cette maquette a ete construite a J'eche!Je du 1/200.000 par decoupage, superpo-

sition et collage de feuilles polystyrene. L'epaisseur de ces feuilles varie de 5mm 

(correspondant a des denivellations de 50m) dans les zones situees au-dessus de -2000m, a 
2mm (soit 20m de denivellation) dans les zones plus profondes, de maniere a obtenir une 

meilleure precision dans les modeles peu accentues des parties profondes de l'eventail. 

l 'exageration verticale resultante est de 20 fois. Les dimensions de !a maquette sent les 

suivantes : 1,44m de long, 0,78m de large et 0,33m de haut. Son poids est d'environ 15 kg. 

Nous pnesentons ici deux photos de cette maquette prise sous des angles differents 

(Sud et Sud-Est). 

Tous les modeles morphologiques spectaculaires mis en evidence par Ia carte 

sea-beam apparaissent en trois dimensions avec un detail etonnant : meandres du chenal 

central, eventail naissant lie a des phenomenes de colmatage et d'abandon de chenaux, 

cicatrices curvilignes laissees par les glissements en masse, grabens generes par les failles 

de croissance liees aux couches saliferes sous-jacentes, effets de barrage sedimentaire lies a 
l'alignement des domes de sels etc. D'autres modeles, peu apparents sur les documents 

cartographiques sont ici tout a fait evidents comme la presence de cuvettes surcreusees au 

pied de certains canyons, illustrant l'energie des processus d'erosion dans ces secteurs. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

G-VII2 
Blocs-dlagrammes du Deep-Sea Fan du RhOne 

par cartographle automatlque des donnees Sea-Beam 

Gilbert BELLAICHE•, Laurence DROZ', Vincent COUTEWER', Bela SZEP• et Eric MOUSSAT .. 

• Laboratoire de Geodynamique Sous-Marine, Universite P. et M. Curie (Paris VI), 
B.P. 48, 06230 Vlllefranche-sur-Mer (France) 

•• BNDO, IFREMER, Centre de Brest, B.P. 70, 29263 Plouzane (France) 

Plusieurs blocs-diagrammes en couleur du deep-sea fan du Rhone ont ete recemment 

realises grace au traitement cartographique automatique des donnees sea-beam mis au point 

par le Bureau National des Donnees Oceaniques. Ces donnees sea-beam proviennent des 

campagnes du N.O "Jean-Charcot" (Profans-Deltarho) au cours desquelles 281 profils 

bathymetriques paralleles d'une longueur de 40 a 60 kilometres chacun et espaces de 500 a 
2000m, representant un trajet total de plus de 13.200 kilometres, ont ete leves. 

La zone representee est limitee par les paralleles lll 0 55'N et II3°00'N et les 

meridiens OII 0 !0'E et 05•30'E. 

Quatre orientations differentes ont ete representees : SW (225•), SSW (200•), 5 (180°) 

et SSE (160°). 

Apres un essai a 50°, le choix de !'elevation de l'oeil de l'observateur a ete 

definitivement fixe a 30°. Quant a l'exageration verticale adoptee elle a ete de 8 fois. 

Plusieurs essais de sortie couleur ont ete realises. La solution adoptee, qui rend 

compte a !a fois de ]'importance privilegiee que nous attachons a certains reliefs et du 

pouvoir de discrimination de l'oeil, a ete !a suivante : 12 couleurs differentes correspondant 

chacune a une tranche de denivellation de 200 metres, ne comportant que 2 tons de bleu 

(2000m-2200m et 2200m-21,00m). 

Nous avons precede, dans un but essentiellement pedagogique a un carroyage des 

coordonnees geographiques qui ont ete manuellement projetees sur les blocs. Dans le meme 

esprit, et pour une representation en noir et blanc, nous avons precede a divers ombrages 

afin d'augmenter le contraste des reliefs les plus marquants. 

Nous presentons ci-dessous un des resultats de ce travail (observateur place au Sud) 

en faisant remarquer que les reliefs situes a l'amont sur fond noir apparaissent artificiel-

lement tronques. 
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Methodologle d'une etude hydroblologlque 

dans Ia grotte marine de Bergeggl (mer Llgure) 
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Giovanni DIVIACCO** .. Silvia FORTI .. Carla MORAl**** et llerla NICCOLAI* 

*ENEA-CREA S. Teresa, CP 316, 19100 La Spezia (ltalia) 
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••• ICRAP, VIa Respighi 5, 00197 Roma (ltalia) 
•••• lslituto di Zoologia, VIa Balbi 5, 16126 Genova (ltalia) 

ABSTRACT - ME'DtOOOLCGY OF A IM:lR:BIOLOGICAL STUDY IN THE MARINE CAVE OF BERGEGGI 
(LIGURIAN SEA) 

'!he sul:lllerged part of the cave was characterized by SOJBI>. diving. Simple 
methods were used to measure water IIIOVI!IIIIInt, temperature and light and to saaple 
water, suspended particulate matter and sediments. It has then been possible to 
put the biological zonation in relation with the environmental factor gradients. 

L'exploration des grottes sous-marines exige en g6n6ral !•utilisation de 
methodologies g6rees direet-nt par le plongeur, ~tant donne que les teclmiques 
~anographiques traditionnelles s•awrent inad6quates dans cea milieux. GILI et 
al. (1986) ont d6veloppe, par example, un syst~ de pr6l~nt "ad hoc", capable 
d'exclure la pr6sence du plongeur et la modification du milieu qui en r6sulte; ce 
syst~ est charg6, cependant, d'une certaine complexit6 et de difficult~& 
op6rationnelles et ne peut ~tre mis en place que dans un nombre limi t6 de 
situations. 

Au contraire, nous avons entrepris !'exploration des branches sul::lllerg6es de 
la grotte marine de Bergeggi (BIAI«:HI et al., 1988), avec une inst~ntetion 
ordinaire adapt6e A l •usage par le plongeur ou avec des objets "bricolfls"; 
I!Dyenl'lllllt quelques pr6ceutions, telles que la manoeuvre de l'instnm.nt toujoura 6 
l'avant de l'optrateur (qui se pla~it A l'aval du courant par rapport A 
l'instnm.nt), on eat arriw A limiter au maxi- la perturbation du milieu. 

.Apr~s 1 'ex~cution des relews topographiques des ramifications sul:merg6es, 
par bouasole, profondimetre et ligne metrique, nous avons effectu6 les mesures et 
les pr~Uvements suivants. 
- Hydrodynamisme: boulettes en craie, selon la m6thode ~tablie par MUUS (1968) et 
d6jA utilis6e en grotte par PANSINI et ~ro ( 1982). La consCIIIIIIIltion de la 
craie 6tant proportionelle A !'agitation de l'eau, on peut calculer une vitesse 
"6quivalente". BIULEY-BR:lCX (1979) a propos~ une foiiiille empirique, de laquelle 
nous avena tir6 la auivante: 

v • 3.65 (M/B- 1), 
o6: v • vitease en CIIV'see, M • perte en poids (%) des boulettes de mesure, 
B • perte en poids (%) des boulettes de r~f6rence. Ce "blanc" 6tait pla~ dans un 
bac depos6 dans la partie la plus abrith de la grotte. Aussi bien le blanc que 
lea boulettes de mesure sont r6st6s en place pendant 24 h. 
- Direction du courant: boulettes en sucre caram6lie melang6 avec de la 
rhoduline. La rapide dissolution du sucre dans l'eau a permis de limiter 
!'exposition A 2 h, ce qui a mis en 6vidence la direction du courant d'eau, 
llinimisant en llhe tetlll& les ph6ncaAnes de diffusion lat~rale qui se seraient 
wrifi6s avec des materiaux 1110ins solubles. La direction pr6dcainante du flux 
avait 6t6 suppos6e d'a.Pr~s les gradients de densitll de l'eau et de saturation en 
oxyg6ne mesur6s; pour wrifier cette hypoth&se, nous avons plac6 les sources du 
colorant en 111110r1t du flux et, A des intervalles de distances reguli&res en aval, 
nous avena &ehantillonn& l'eau pour des analyses fluor01116triques. 
- Talptrature de l'eau: un normal therl1101116tre A mercure de pr&cision, laiss6 en 
place pour quelques llinutes; 
- Intensit6 de la lulli6re: irradi01116tre ~anographique; un 6clair de la torche 
aous--rine pr6ctdait et signalait A l'op6rateur de surface le D~C~Mnt de la 
lecture. 
- Echantillonnage de l'eau: tubes en plexiglas de 250 cc, avec fermeture lllllllUelle 
aux extrait6s par deux bouchons A vi& en PVC; au laboratoire, cea 6chantillona 
ont 6t6 utilis6s pour lea d6terllinations du pH ( p8116tre A 6lectrodea) , de la 
salinit6 (aalino.ttre A cellule) et de l'oxyg6ne (methode Winkler). 
- Echantillonnage des particules en suspension: bouteille Niskin de 5 1, adapt6e A 
la fe~ture Jlllnuelle par le plongeur. On a 6valu6 lea teneurs en chlorophylle et 
en •t6riel organique. 
- Echantillonnage des Hdiments: carottier lllllllUel enfonc6 dans le fond ( COI.ANTCJn, 
1982). Le MdiMnt d6pos6 sur les parois rochauses a 6t6 pr6lew A 1 'aide d'une 
&ariJ\91» en plexiglas de 250 cc avec piston en PVC et "aiguille" constitu6e d'un 
petit tube en silicone. Au laboratoire ont ~t~ mesur6es la granul01116trie et la 
teneur en carbone organique. 

A partir des r6sultats obtenus par ces methodes il a 6t6 possible de 
ceract6riser de fa~ aatisfaisante l'envir0flllellllll1t de la grotte, nous per.ettant 
de •ttre en relation la zonation biologique aux gradients des facteurs llllbiants 
(BIAI«:HH et al., 1988). En particulier, trois zones diff6rentes ont pu ~tre lliaas 
en 6vidence: 
1) lea parties proches des entr6es, jouiasant d'un bon 6ehange d'eau (vitesse du 
courant sup6rieure A 10 CIIV'sec, s&diments graveleux, teneurs en chlorophylle du 
Jibe ordre de grandeur des eaux ext6rieures) et avec un taux ~ recouvr-nt 
biologique avoisinnant 100\; la lulli6re est sup6rieure A 0.2 JM/c:m • 
2) lea parties internes, plut~t confin6es d'un point de vue hydrologique, avec 
a~tation de la HcH.ntation fine, obacurit6 totale et teneur en chlorophylle 
affaiblie; le recouvrement tOIIIbe au dessous de 40%. 
3) lea "lacs" internes, &alaltres et presque h01116othermes, A pH r6duit et A tr~s 
pauvre peupl.-nt biologique. 
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I-II 
Blocllmate diversity and vegetation belts 

In Adriatic Archipelago 

B. SEKULIG, A.Z. LOVRIG and M. RAG 

Rudjer Boskovic Institute, 41000 Zagreb (Yugoslavia) 

REsUME : Diversite bioclimstique et zones vegetsles de 1' 
Archipel sdristique. Lee climate insulsires edrietiques sontbien 
contrsstes ~ minimums thermiques variant de +6• ~ -18"C, ~ pre
cipitations moyennes de 150mm jusqu•~ 1350mm et secheressedurant 

0~ 10 mois. c•est correle l! 5 zones vegetales: :1n£remediterre
n;enne ~ T elseion des 1les meridionsles, puis thermomediterrs
neenne ~ 0 e erstonion, eumediterrsneenne II Quereion ilicis, 
submediterrsneenne srninetum ~ientslis des fies sep entrione-
les et supramediterrsneenne 3 See erJ.o-Ostrzetumdes monte :i.u:n.ils:lres. 

INTRODUCTION. Up to recently, the classical phytogeographi

cal schemes presented the zonal vegetation of Adriatic Archipelago 
s:rter its geographical position, but neglecting its biocl:i.mates. 

Thus ell island~except the northernmost one~presented en ideal 
homogeneous zone of eumediterrsnean evergreen climax Orno-Quercetun 

~· The subsequent detailed bioclimstic stress of thisbigZDne 
by BERTOVIC (1975) resulted by its considerable climsticdiversity. 

Climate zoning in Adriatic islands (date computed from XIRIGIN 197l) 

Belts: SUBMEDI~KRANEA.N EUMEDITER. TBERMOMEDITER. INJ'RAMEDITER. 
TEMPERATURES 

Winter XII-II 5.8- ?.9"C ?.1- 9.5"C 9.2-9.9"C above l0.5"C 
Absol. minims -10.8 to -18" -5.0to-7.2" -4.3 to-6.6" +6" to -2"C 
Year amplituda above 47.8" 41.5"-46.6" 38.5"-44.3" under 38.5"C 
Frosts in year above 20ds;7B 3- 25dsys 1- 15dsys 0 to 1 dey 
Possible frost 4 -?months 2- 5months 1- 3months 0- 2months 
PRECIPITATION 
Year means 105?-1344-mm 883-1209mm 566- ?02mm 146 - 367mm 
Rainy days above 105d. 96- 116d. 93- 107d. under 6? days 
Summer reins 162-215 mm 78- 179mm 50 - 87 mm under 23 mm 
Dryne!B per.iod 0- lmonth l-3months 3-5 months 6-lOmonths 
Snowy days 3 - 6 days 1- 3 days 1 - 2 days - (absent) -
EMBERGE!l's 
p/t quotient 122 to 213 100 to 1?0 8? to 159 37 to 90 
LANG •s yearly 69-98mm/"C 63-89 mm/"C 43-55mm/"C under 16 mm/"C rein £ector 

RESULTS. The above con:rrontetion of the long-term cli
matological date in 16 insular meteorological stations well dis
credits the ancient unique climax scheme. The recent detailed 
vegetation mapping in the field resulted by another complex zon-

ation parallel to this biocli111ete diversity, including even 5 

different belts marked by specific zonal climaxes. Despite the 

marginal northern position of this erchipelsgo(43-45"N)inrele

tion to the Mediterranean, its zoning is more xerothermic then 

expectable one. Thus the Mediterranean zoning there reaches its 

northernmost limits, although in the same latitudes of NE Italy 

end E Balkans s te111perste deciduous vegetation widely predominate. 

1. Coolest supramediterreneen belt is the wettest one in 

islands, with regular frosts end some snow. Its climax of major 

insular mounts are the temperate submontsne woods of Sesler:i.o

Ostcyetum csrpin:i.foliee Horv. & Hie. It includes the peaks of 
Cres, Losinj, Krk, Brae, Hvar end Peljessc. 

2. Cool submediterrenesn belt i.e marked by less frost 
end some dryness, end by s summergreen climax of xeric woods 

~uerco-Cerpinetum orientslis Hie. It includes the lowlands of 

'ffi interior isles Cres, Krk, Peg end the high plateau of Brae. 

3. Eumediterrenean (mesomediterrsnesn) belt is warmer 

;hen the precedent ones, with rare frost end more dryness. It 

.s marked in Adriatic by semi evergreen climax woods of the Orno

luercetum il:i.c:i.s Hie. 1 including also some temperate deciduous 

axe. It covers many intermediate Adriatic islands, except the 

orthern end southern ones~ 

4. Warm thermomed:i.terrsneen belt is marked by very rare 

nd mild frost end few rains, end by the evergreen climax meq -

ises of Oleo-Ceratonion Br.-Bl. including Ceratonie, Myrtus, 

!.'esium, Pistecis lentiscus, Phil;yree engust:i.fol:i.e, Pinus hale

~nsis, Juniperus phoenicee etc. It covers the external isles 

Lafiti, Vis, Lestovo, Pekleni, Solte, Kornat:i., Premude, Un:ije etc.. 
5. Warmest infremediterrenean (xeromediterreneen) belt is 

1rked by a hot-dry subtropic climate, eny frost nor snow, e long 

·yness, end by the summer-deciduous (wintergreen) scruhlends of 

,ymeleeion hirsutee Tadr. of ultre-xerothermic Sindo-Seherien 

pe (Euphorbia dendroides, Artemisia srborescens, Juniperus l.yc:i.e, 

cium intricetum, Csppsris sicule, Suaede pru:i.nossetcj.Itcovers 

e remote Mid-Adriatic isles Jebuks, Susac, Palegruzs, Lestovei etc. 
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I-12 
Synecology of forest lichens and bryophytes 

In Adriatic Islands 

A.Z. LOVRIG, M. RAG and B. SEKUUG 

Rudjer Boskovic Institute, 41000 Zagreb (Yugoslavia) 

RESUME : Sy~e<;ologie des lichens et bryophyt:es silvatiques des !les adria
tiques. La microvegetation lichenique des Iles adriatiques est tres diversifiee, 
presentant de nombreuses comrnunautes p€.tricoles et arboricoles a plusieurs ta
xons end€rniques. La ve~etation muscinale y est plus pauvre et bien d€velopp€e 
seulement sur le sol des forets. Les alliances licheniques epiphytes sont Xantho
rion parietinae des arbres m€.diterran€ens et Lecanorion subfuscae de ceux sub
m€d iterraneens. 

IN'!RODUCTION. The cliffs and forests of Adriatic ialanda 
include en interesting microvegetstion of. lichens and br;ropb;rtea, 
ao far fw lalown p~oaociologicall.)", and neTer corr.lstetd to 
well defined forest pb;rtocoenoaea, e:=ept the lichen oo.aunitiea 
of Adriatic insular clit.ta preciaed by LOVRIC ( 1981). Due to the 
predoainating peculiar habitats of calcareou.a hrst snd to the 
frequent storm,- winda, the c:r;rptogemic microTegetatlon of Yugos
lav coasts and islands has a rather daTi.eting c0111poaition. The 
br,rocoenoses there are poorer in COBparison with other aurroun
ding countries, but the lichen vegetation there is probabl.J' the 

~!~~:sii~~:nw!!~S:i!!~ ~or:~ui:~c~~!:fae:~::!:~~t~t!~~=~~; 
distribution model of this microTegetation: the br,ropb;rtes predo
minate onl;r in the forest soil an s011etiaea in the nry bases of 
trunks. otherwise on the tree bark the lichen Tegetation widelJ' 
pred011inatea, and the bryoph;rtes there are often absent. oi' rare 
end subordinated within the arboricoloua lichenocenosea. OnlY in 
the wet laurisil vas ( A:rbuto-QuercetUI ballotaa) of SE islands, 

~c~:P:!:~l!h~::!~b~:r~~o~::e~~~~!c a~!'!or~::u~~r t:!ii~:es. 
where the bryopb;rtea are nearly lacking or are subordinated 
within the lllXtlriant lichens. Both an011alies are probably provo-

~~:~i~h~~i:~fs:~d(~:;~e~ir~=~~:s!rc~) 8!h:s p~;;:~: i:: de-
velopment end expansion of the generallY h;rgrophilic br,ropbytes 
on trees end open clil'fa. Thus they ere successful onl:r in the 

;::l !::d n:~n~~=~::. f~~·~ic::!!a is 
8~~t!; ~~!: (~~53)-v;~:s this 

one of bryoph;ytes after PAVLETIC (1955). 

RESULTS : Characteristic bryopbytes in insular forest soil. 
The mediterranean evergreen forests end mequiaes (Quereetalis 
ilicis Br.-Bl.) serosa the Adriatic islands are marked by the 
~olleetive soil br,roph;rtea: Riccia spec.diY., Bryum 
csnariense Brid., Cephsloziella baumgartneri Schif., Cololeje
unee rosettians lHasa. )Schi!., Spheerocarpus texan us Aust. end 

r~~~= =~~0~t:!;e:;ci~~e ar~~rc:~i!~gb~~~:!t!~~::n~~i!~ws. 
1 vee ~t wr~i:~~a;~~~~;~"::'1:s~8;l~,~~~~. do!:;l!~~!:i-
ericetorum (Raddi)Nees, Griulis sardoa De Not., Fossombronie 
loitlesbergeri Schif., Riccia raddiane Lev.& Jack. end R. levier! 
Schif. 

2. Fico-Quercetum delmaticse Lov., the relict aemisempervi
rent premsquiaea ot sinkholes and ravines in northern ialanda : 
Fsbronia sendtneri Schpr. 1 Fossombronis huasnotii Corb. end 
Cololejeunea minutieeiras ,sm. )Spr. 

3. Alaterno m rtifoliee-F etum e entese Lov., the stor-
IIIY rocltvoods in coastal escarpments of a lands: Grimaldia 
dichotoraa Raddi, Lunularie crucista ( L. )Dum. end Fossombronia 
echinsta MeeT. 

4. M;yrto-Pistscietum lentisci (Hic.)R.Hart., the lower end 
drier scleropbyllic maqUisea widespread along the shores of 
Dallletisn islands: Southbya nigrella (Not.)Spr., Riccia michelii 
Rsddi and R. nigrella DC. 

5. Myrtc tarentinse-Pinetum pineae (An:i.c}LoT., acidophil
ic pinewooda restricted to the flJ'ach end dunes of SE Adriatic : 
Weiaia dalmatiea Lets., Pottia illyrice Latz. end Cephaloziells 
letzeliena Schif. 

The xeric deciduous woods ( Orno-Oatr;yetalie Jsk.) of the 
submediterrsnean belt in northern ialada and Insular mounts, 
include another group of the colLecti.va soil br,ropb;rtea: Scaplllrla 
aspers Bern., Pleurochaete squarrose {Brid.)L'ind., TrichostoJilUII 
brschydontiUII Bruch., Seo~iuriUII circinnatua (Brid. )Pleisch. 
and Tortella tortuosa (L.)Limp. One studied 3 related forests: 

subme~t~~~:.~u~~~=~ti:=i~~!~X;U:f0~~~:;!•i:f:~aa~ ~~~on 
schleieheri (Br.eur.)Both., Leptodon smithii (Dicka}Mohr. and 
Dicrsnum muehlenbeckii Br.eur. 

7. Saslerio-Ostryetum carpinifolisJ. Horv., the auprsmedi
terranean elilllsx In major insular mounts: Scspania calcicole 
(Am.& Pers.)Ingh., Cololejeunes calcarea (Lind.)Spr. end 
Tortella csespitosa (Schw.}Limp. 

8. Castanoo-OuereetUIIl pubescentis (Anic)Lov., acidophilic 
submediterrsneen chestnut-woods in fl.ysch of northern islands: 
Pterogonium ornithopodioides (Huds. )Lindb., Fisaidens taxi.folius 
( L.) Hedw. end Hedwigis ciliate Ehrh. 

9, Out of both precedent groups ere the pinewooda Pinetum dalm
eticse HorT. (alliance Orno-P:i.nion) in the insular stormy peeks 
and rocky ridges: Barbule adriatica BaWII., Grimmis tergeat:i.na 
Tomm., BryUlll torquescens Br.eur. • Cheilenthela chloropus Lind. 

The bark lichenocoenoses on trees (Lobarietelia (lo!ett.) 
Bark.) include two groups. Lecenorion aubfuscse ~h.s. occurs 
in the submediterranean trees of insular mounts, J.ncluding the 
Blestenietum vipers~ Lov. in pines (Pinetum delmeticee) : 
Blastenie viparse Zehl. end Lecsnora piniperda .Karb. Xenthorion. 
parietinee (Ochs. )Klem. occurs in evergreen mediterranean trees 
with 3 lichenocoenoees. pertnaa:tjo-Becidietum fiUIIIensis Lov. 
occurs in N islands on Fico-Quercetum: Bacidia fiumensis Z~hl., 
Pertueerie !icorum Zehl. end moss Crypheea erbores Lind. DJ.rino
Ramalinetum dalmeticee Lov. occur on meq~s (lo!yrto-Pistsciet~) : 
Remelina dalmetice Zehl., Dirine ceratonJ.se (Aeh.)F~., PhyscJ.a 
regusana Zahl. and Lec:i.dee p~rexigua Zehl. ArtothelJ.etum as .nov. 
occur in EuphorbietUIII dendroJ.dis: Artothelium edriatJ.cum Zahl. 

References 
Kusan, F. 1953: Prodromus of Lichen flora in Yugoslavia. Zagreb 595p. 
Pevletic, Z.l955: Prodromus der Mooe!lora Jugoslawiens. Zagreb 578p. 
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Native gymnosperms and their woods 
In Adriatic Archipelago 

Mladen RAC and Andrija Zelimir LOVRIC 

Rudjer Boskovic Institute, 41000 Zagreb (Yugoslavia) 

d RESUME : Gymnospermes spont:anees et: leurs foret:s dans 1 • Archipel 
a riat:i~ue. La flore des gymnospermes insulaires adriatiques est: la plus di
~~rsifiee_parmi les iles medit:erraneennes, y compris 16 taxons spontanes dont 
't: !ndiques par les flores classiques et: les 6 suivants enregistres par les 
~eu es actuelles : Ephedra procera, Juniperus lycia, J. hemisphaerica, J. o -

i
drus ssp. badia, Pin~s nigra ssp. ~ et: Abies pardei dont la syn~c~ 

g e est ensuite analysee. 

INTRODUCTION, the classical floristic end phytogeogra
phical reports on Adriatic islands prior to 1980ies docu.ented 
there the presence of 10 species of the next native gymnosperms: 
Ephedra spbzlla Forsk.: dunes of SE isles, Pistacio-Alsternetslis. 
E. nebrodensis Tin.: insular cliffs, Centsureo-CsmpanUlion Hie, 
Cupressas Se!!pervirens L.: SE isles onl.7 (ecology few known), 
Juniperus communis L.: NE island peaks, Seslerio-Ostr;yetum Horv. 
J. o:xycedras L,s .s.: widespreed in aaquif\ Quercetes ilicis Br.-Bl, 
J, mscrocgsSb. a: Sm,: scide !J.7sch, in pinewoods end oskwoods, 
J • phoenices L,s .a.: !requent in msquis, Pistscio-Alsternetslis Mart. 
Pi»ua pines L.: native in SE islands (ecology !ew known), 
P, hslepensis Mill,s,s,: frequent inS isles, Prssio-Pinetum Lov, 
~ssp, dslmstice (Vis,) Franco: major mountain southern 
Dalmatian islands, stormy ridges (pinetum delmsticee Horv.), 

RES~s. The recent detailed prospections serosa this ar
chipelago sddedtllenext6nstive tsxe of the gymnosperms, end they 
also elucidated the ecology of some precedent ones, The related 
vouchers ere in Herbarium ADRZ, Thus by the actual study, the 
gymnosperms in this archipelago include 16 native taxa, being 
probPbly the most diversified ones among the Mediterrsneenisl
ends, Besides these ones, there ere naturalized 7 exotic tsxs 
within the synanthropic Robinietslis Neuh,: Pinus brutis Ten,, 
P, pinsster Sol,, Cupressus srizonics Greene, Thujs orientslis 
L. Tsxus beccsts L., Juniperus sabine L, sndJ, virginisns L. 

1. Ephedra procers Fisch, & Mey, (E. greece C,A,M,) is en 
East Mediterranean taxon with its westernmost outposts in SE 
Adriatic, within the Cyethoselino-Cupressetum (c!, infra), 

2, Juniperus 1Ycis L, (J, turbinate Guss,) occurs only in 
SE isles Vis, Korculs end Elsfiti, mostly by the beeches within 
the bsckshore scrub of Ephedro-Juniperetum lyciee Quez. et el, 

3. J, hemisphaerica Presl, (J, eetnensis M,G,) occur spo
radically in the apical pinewoods (Orno-Pinion H,Em) of the 
major insular mounts of Krk, Brae end Peljesec, 

4, J, oycedrus s,l, ssp, ~ (Gay,) Deb, is s robust 
arborescent t;rpe (to 12m) of West Mediterranean, with its new 
easternmost outposts in the northernmost Adriatic islands Cree, 
Krk end Plsvni1t:, growing within the windswept rockwoods ot !Jcio 
-Juniperetum bedias (Hie,) Lov. marked by J, oxycedrusss~bedia 
V, Prunus spinose ssp, istriscs V, Crstsegus brevispins v, Lycium 
europseum III, Rubus ulmi!olius ssp, dslmstinus V, Ross tomentcee 
ssp, ksrstiens IV, Csrduus micropterus V, Psllenis croetice IV, 

5. Pinus nigra Arn. ssp. ~ Lov, (LOVRIC 1981) is 
endemic to NE Adriatic coast, including also some sites in the 
adjacent isles Krk end Prvic, within the stormy ridge pinewoods 
of Cotoneestro-Pinetum nigrse Horv. 

6, Abies psrdei Gsus, (A. biokovoensis Kus.) is subendemm 
of the Dalmatian coastal mountains where it forms the submediter
renesn firwoods (Ostryo-Abietetum Kus,). Some isolated residual 
trees occur also in the northernmost Krk island, in the oekvoods, 

One defined recently also the few known synecology end 
the related communities of some other conifers in Adriatic isles 
where only their presence end distribution has been precised: 

Cupresaus sempervirens ssp. horizontslis (Mill,) M.G. is 
the only native c;rpreas of SE Adriatic, within the relict rock
woods of Cysthoaelino-Cupreasetum horizontslia (Anic) Lov~msrked 
by c. sempervirens V, Phlomis fruticoss IV, Putoris cslsbrice v, 
Ephedra procers IV, Frsnguls nikolse III, Gyathoselinum globife
rum V, Cephslsris mediterrsnes V, Hermodsctylus tuberoaus III, etc, 

Pinus pines L. as native is rare in the flysch end dunes 
of SE isles Mljet end Elsfiti, within the Myrto-Pinetum pinese 
(Anic) Lov.: P, pines IV, Myrtus commWlisssp.tsrentins IV,Cslycoto
me spinoss V, Teline monspesaulsns III, LUpinus lscromenais m, etc, 

Reference 
Lovric, A,Z, 1981, Nouvesutes de ls !lore du Littoral croste, 

Oesterreichische botsniache Zeitschri!t, 119: 567-571. 
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Diversity of the Oaks and Oakwoods In Adriatic Islands 

Andrija Zelimir LOVRIC 

Rudjer Boskovic Institute, 41000 Zagreb (Yugoslavia) 

RESUME : Diversite des chenes et des cMnaies des Ues adriatiques. 
Parmi les Ues mediterraneennes, les chenes insulaires adriatiques sont les 
pl.us diversifies, y compris 16 taxons dont 11 sont enregistres par les etudes 
actueUes : Quercus rotundifolia, Qu. caUipPinos, Qu. macrolepis, Qu. vir
gilians, Qu. brachyphylla, Qu. X s=icoZ.a, Qu. daZ.echampii, Qu. brutia, Qu. 
peduncuUfZ.ora, Qu. X streimi et Qu. conferta. On a egaZ.ement etudie l.eur 
synecologie et les phytocobwses afferentes. 

INTRODUCTION, There existed any special work on oaks in 
adriatic islands, end the classical floristic reports covering 
this archipelago prior to 1980ies,there confirmed only 5 oaks: 
Quercus ilex L,: widespread in msquis, Queroetslis ilicis Br.-Bl, 
Qu. cocci!ere L.: only SE isles, Orno-Quercetum cocci!erse Hie, 
Qu, crenate Lam.: nstiveE Gres island on~ ecide flysch woods. 
Qu. pubescens Willd~ north isles, woods Ostryo-Cerpinion HorT. 
Qu. cerris L.: flysch on island mounts, Orno-Quercetum cerridis, 

The ancient indications of Qu. petraea end Qu, robur in 
this archipelago recently were not confirmed nor expectable, 
being probably confused with other vicerioustexe (LOVRIC 1981~ 

RESUDrS, The recent detailed field studies on the Adri
atic oaks, there added 11 other insular tsxe whose vouchers are 
in Herbarium ADRZ, end their nomenclature is mostly e!ter the 
Flore Europsee (TUTIN et sl,, 1964-1980), One studied also their 
synecology end related phytocoenoses, Thus besides the Aegean 
islands, the Adriatic srchipelego includes e richest oak assem
blage among the mediterranean islands, including 16 diverse taxa. 

1. Qu. rotundi!olis Lam. (Qu. ballots Des!,) is s West 
Mediterranean oak with its easternmost outposts in SE Adriatic 
isles Korcule end Mljet. It grows there in the ravines endkerst 
sinkholes, within the tell end humide subtropical lsuriaylvseo! 
Arbuto-Quercetum bsllotse Lov, with abundant lienee, mosses end 
vssculer epiphytes. Indicators (presence symbols: I = 1-20% sites 
••• V = 80-lOo% ones): Qu, rotundi!olis V, Qu. celliprinos III, 
Qu. conferta II, Qu, mscrolepis II, Arbutus sndrschne IV, A.~ 
endrschnoides II, Juniperus mscrocsrpe V, Pistscis seportse II~, 
end lienee Ruscus laxus v, Heders tsurics V, Smilax asuretsnics 
IV, Rubis sucheri IV, end also epiphytes Ficus cspri!icus II, 
Parietsris judsice IV, Sedum maximum II, Pol;rpodium suatrsle m. 

2, Qu, cslliprinos Webb, (Qu. pseudococcifers Boise,) is 
en evergreen East Mediterranean oak, with its westernmost outp
osts in SE Adriatic (Korculs end Mljet) within Arbuto-Quercetum, 

3. Qu, mecrolepia Kotschy (Qu, aegzlops suet,) is thersP
eat island oak of Adriatic: Arbuto-Quercetum, Lsatovo isle only, 

4, Qu, conferta Kit. (Qu, frsinetto suet,) is rare in SE 
Adriatic woods of Mljet end Peljessc (more frequent in mainland~. 

5. Qu. virgilisne Ten.s.s, (Qu, dslmstice Red,) is s very 
xeric and sclerophyllic aemievergreen oak (apring-deciduous)with 
pungent leaves, frequent in northern isles Krk, Plevnik end Ores, 
growing there in the mixed semievergreen premaquises of s relict 
Tertiary origin ( l!'ico-Quercetum delmsticse Lov,) marked by e. rich 
dendrotlors of even 58 coexisting different trees and shrubs e,g, 
Qu, virgiliane v, Qu, X sexicole III, Ficus csprificus v, Acer 
msrsicum V, Frsxinus· srgentea ~ Colutea gsllics v, Euphorbia 
wul!enii v, etc, This wood occurs chieflY in ravines end sinkholes. 

6, Qu, brschyphllls Kotschy is en East Mediterranean oak, 
with its NW outposts in Adriatic islands Krk, Korcule end Mljet, 
in semievergreen paeudomequia Pistscio-Quercetum brecbyphyllae 
Quez. 

7, Qu, X ssxicola Vult, (Qu. virgilans X bracbypllylls) is e 
hybrid in N isles Krk and Cres, within the Fico-Quercetum woods, 

8, Qu, delechei!!J)ii Ten. ( Qu, spennins suet,) is rare in N 
island hills of Krk end Cres, within the Seslerio-Ostr;yetum Horv, 

9. Qu, brutis Ten. occurs onlY in Krk island, in the wet 
valley ce~oods of Fraxino-Quercetum brutise (Karp.) Fuk, 

10, Qu. pedunculiflors Koch (Qu, hess Kotschy) is en Orien
tal deciduous oak with its westernmost outpost in Basks valley or 
Krk island, in the wet tell carrwoods of Vitici-Quercetum pedun
culiflorse LoT, marked by Qu~ pedunculi!lors v, Qu, X streimiiiV, 
Ulmus canescens V, Carpinus csuceaics II, Thelycrenia austrslisV, 
Vitex IV, Gladiolus ill;rricus IV, Dryopteria borreri III, etc, 

11, Qu, X streimii Kotschy (Qu, pedunculifloraXpubeacens) 
is e rare hybrid in Krk island, within the Vitici-Quercetum, 

Rlt!erence 
Lovric, A,Z, 1981, So~e rare semise~ervirent oaks in Adriatic 

coastal Kerst, Sumerski List (Zagreb), 105: 119-132. ·· 
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Distribution and synecology of Adriatic Insular F!llcales 

Mladen RAC and Andrija Zelimir LOVRIC 

Rudjer Boskovic Institute, 41000 Zagreb (Yugoslavia) 

RESUME : Repartition et synikologie des fougeres insulaires adriati
ques. La flore des~ (Polypodiaceae s.lat.) de l'Archipel adriatique 
(21 taxons) est assez pauvre parmi les iles mediterraneennes. Pres de 14 ta
xons indiques par l.es flares classique:s, on y a recemment recense 7 fougeres 
supplementaires : Asplenium csikii, Ceterach iavorkeanum, Pteris cretica, 
Dryopteris pallida, ~' Polypodium interjectum et Pteridium tauricum 
dont la synEkologie est egalement etudiee. 

INTRODUCTION. So far existed arr:f special survey on the 
Adriatic insular ferns, except someones on the endemic Ph;rllitjs 

h;ybrida. The general floras covering this archipelago till now 
docUIIIented there only the presence o! llf. insular species o!true 

ferns or filiceles (Poljlpodieceee s.lst.), end their noaencletlre 
is mostly after the Mediterranean fern list of GREU'l'ER (1985) : 
Asplenium trichomenes L.: widespread in the cliffs (Asplenietea). 
A. rute-murerie L.: frequent in insular cliffs ( Asplenietee). 

A. petrerchae (Guer.) DC.: coastal cliffs, Centeureo-Cempenulion Hie. 
Ceterach officinerum DC.: coastal cliffs, Centeureo-Cempenulion. 
Cheilanthes pteridioides (Rchb.)Chr.: wells, Perieterietelie Br.-Bl. 
Ch. persice (Bor;y) Matt.: SE Adriatic, Ephedro-Cyethoselinetum Lov. 
Adientlllll capillus-veneris L.: frequent in caves, Adiention Br.-Bl. 
Anogremme leptoph:rlle (L.) Link.: SE isles, Homslothecio-Pol;rpodion. 
Asplenium onopteris L.: widespread in mequis, Quercion ilicis Br.-Bl. 
PolYstichUIII seti.terUIII (ForsJMoore: N isles, Vitici-QuercetUII Lov. 
Pol.Ypodium australe Fee: S isles, Homelothecio-Pol;rpodion R.Msrt. 
Ph;rlliti~ hybrids (Mild~Chr.: endemi~ N isles (ecology few known). 
Ph. sagittsts (DCJ Guin. & He~: N isles,Adiento-Ph;yllitidetUIII Hie. 
Ph, scolopendrium L.: N isles only, Cssteneo-Quercetum (Anic) Lov. 

The ancient indications on Asplenium edientum-nigrlllll, 
Dr;yopteris filix-mes, Pol;rpodium vulgare, Polyst"ichum lobetum 
end Pteridium aquilinum s.s. in these islands recently were not 
confirmed nor ecologically expectable, being probably the Mid
European extrapolations confused with other vicarious taxa. 

RESULTS. The recent detailed prospections of the Adriatic 

insular !ems in the field added 7 other taxa so fer unknown in 

this archipelago, whose vouchers ere now deposed in the Herb sri Ulll 

ADRZ: Asplenium csikii, Ceterach javorkeanum, Dryoptsris borre!'J.. 

D, pallids, Pol:PodiUIII interjectum, Fteridium teuricum et ~ 
~. Their synecology and communities were studied, too, 

1. Asplenium csikii Deg. & Klmlm. is chiefly e SE European 
.fern, recently registered in the me;jor insular mounts of Cree, 

Krk, Braa and Peljeliac, mostly on their apical cliffs within the 

alliance Edraianthion Lek. 
2. Ceterach .1svorkesnum (Vide) S6o (Asplenium cetersch 

ssp. bivalens Greut. et sl.) is also e SE 'uropeen .tern of the 
Balkans end Pennonis that is recently registered in the Adrimac 
insular mounts (Cres, Krk, Braa, Peljeliac, etc.), chiefly inthe 
apical cli!fs of Edreienthion, together with AspleniUIII csU::ii. 
Contrary to this, the t;rpicel Ceterech o.t.ticinerlllll DC,s.s. is s 
Mediterranean .tern that is in Adriatic islands mostly restricted 

to their warmest coastal cliffs. 
}. Dryopteris borreri(NewmJ Ober. is rare in this archi

pelago end restricted to the northernmost islands Krk end Ores 

only, where it grows in the wet valley carrwoods within Vitici

QuercetUIII pedunculi.tlorse Lov. 
4. Dr. pallide (Bor;r) Chr. is there also rare end regis

tered only in the Delllletien insular peeks of Brsa end Peljeliec, 
growing mostly in montane screes of Geranietum dslmstici Lsk.et sl. 

5. Pol:rPodium inter,jectum Shiv. in this archipelago is 

l'Rre and restricted to the northernmost islands Cres end Krk, 
?;rowing in the acids flysch substrate within the chestnut woods 

Jf c est aneo-Quercetum pubescentis ( Anic) Lov. 
6~ Pteridium taurieum Grosg. (pt. aquilinum .ssp. brev:!pes 

ruljf) occurs sporadically on the acids insular flysch woods e. 
~· in Castaneo-Quercetum of N islands, end within the-'Pistacio

tuercetum brach;yph;yllee Quez. et al. of the SE ones. 
7. pteris cretice L. occur only as naturalized in old 

1ells (Kentrentho-Parieterion R. Mart.) of SE Adriatic isles. 

Concerning the ecology of Pl!yllitis l!ybride, it occurs 

,hie!ly in coastal rockwoods of Alaterno-Fraxinetum srgenteiiB Lov • 

ly the 21 known taxa, the fern flora of Adriatic Archipelago is 

,00rer than in the most other Mediterranean islands. 
R 8 t 8 r e n c e: Greuter, W. (ed.), 1985: Mad-Checklist 1. 

•teridoph;yts, OPTIMA, XXII + 32 p., Gen~ve & Berlin, 

app. Comm. int. Mer MMit., 31, 2 (1988). 
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Botanical peculiarities of stormy mounts 

In N.E. Adriatic Islands 

Andrija Zelimir LOVRIC and Mladen RAC 

Rudjer Boskovic Institute, 41000 Zagreb (Yugoslavia) 

INTRODUCTION. The peeks o! the higher Adriatic islands 

overpassing 500111 include en apical vegetation different from 

their lowlands end coasts: Krk (569m), Cres (650) 1 Loiinj (588) 1 

Brae (778) end Hver (623). This altitudinal zoning ot the south

ern Delllletien islands is mostly compersble to this one of the 
Delllletien mainlands, withnext spiesl COIDlllunities (I.OVRIC 1975) : 

xeric deciduous woods o! Seslerio-Ostrzetua.Horv., windswept 
ridge pinewoods o.t PinetUIII dellllsticee Horv., degraded deciduous 

scrub of Frsngulo-CerssetUIII msheleb Pold., then various seconda

ry grasslands e.g. Setureio-Edrsienthetua HorY., Festucetua il

lyricae-velesiecse Rit., Csrici-Seslerietum interruptee Horv., 

and Campsnulo-Moltkietum petreese Hie. in apical clitfy crags, An 
exception was the few studied apical vegetation in sto1'1!1Y N isles. 

RESULTS. The recent studies evidently documented that the 
windswept mounts of northernmost Adriatic islands overexposed to 

strong Bora gusts (NE wind) have en apical vegetation divergent 
from the Dalmatian mainlands. A most peculiar montane !lore end 

communities, including even the subalpine balds and sinkhole 

snowfields, and cliffs with numerous endemics end disjunct relict~ 

occur especially in very stormy Mt Obzove Gore of Krk island. 

Despite its modest height of 569m only, this ridge is overexpo

sed to the strongest hurricane winds of Adriatic with maximal 

gusts to 180-210 km/h, frosts to -18"C end winter snow cover, 

Thus it includes the pelaeoendemic communities ot Pleistocenegl~ 
cial ef!inity,snd en intersting subalpine and oromediterranesn 

flora: Ostrye cerpinifolie ssp..cgrsice Rouy, Acer velutinlllll Bcrlss, 

Cerasus cunsniene (GussJ M.G., Alllelsnehier cretics Pers., Daphne el
~ L., AnthYllis montane L., Minuartis cspillscee trseb., Festuce 

~ssp • .tallsx Thuil., Myosotis speluneieols Schott,~ 
~ L., Fritillaris montane Hpe., Arabia hornungiene Schur., 

Cymbelaris psllide (Ten.) Wet~ being absent in other Dalmatian is
lends, but also the endemics Pinus nigra ssp. ~ Lov., ~ 

~ M.G.,Campenule steubii Uech.,Micromerie kerneri Murb., 

Asperula rigens M,G., Sedum dinsricum M.G., etc. The most peculiar 

communities ere (presence symbols: I= 1-20% sites ••• V = 80-100% ones): 

1. Cotoneestro-Pinetum nisree Ho~, rocky ridge pinewoods. 

2. Pilosello-Festucetum fellscis(MortJ Lov., scide grassland 

in stormy flysch: Festucs .tellsx v, Pilosells officinarum v, Asps

rule scabrs V1 Potentills tommesiniens IV, Seseli nitidum III. 

3. Festuco-Stipstum erioceulis Lov,, calcareous montane gra

sslands of Krk 1 Prvic end Biokovo: Festuee lspidoss V, Stipe eri

ocaulis V, Bupleurum veronense V, Eryngium dslllleticum P4 Colchicun 

kochii III, Ornithogalum gussonei IV end Centsuree huteri III. 

4. Minuertio-Dsphneetum elpinse Lov. is s local community of 

the barren storr:~ ridges in Mt Obzove only, eroded by strongest hur

ricanes: Daphne alpine IV, Minuartie cspillecee V, Asperularigens 

V .1 Thymus malyi IV 1 Antbyllis montane nr. Edraienthus hercegovinus 
IJ.. 

5. M:yosotido-Gslenthetum nivalis Lov., is a peculiar local 

chionophilic community of Obzovs, in its insular snow.tielswithin 

the karst sinkholes and shady NE cliff-ledge~covered by snow.tor 

3-5 months: Galenthus nivalis s.i.IV, Myosotis speluncicole III, 

Fritilleris montane~ Veleriens montensiii, Muscari kerneri V~ 

6. Micromerio-Onosmetum croeticee Lov., stormy end sunny 
montane cliffs of Krk and Velebit: Onosma eroetica V, Alyssoides 

sinuate v, Micromeria kerneri IV, Oampanule steubii IV, Sedum di

naricum v, Cyathoselinum tomentosum III, Aethionema thomasiansiV, 

and lichens Blastenia cretecea IV end Heppis sdriatica III. 

7. Ceterscho-CY!IIbelarietum pallidee Lo~ ~ cool end shady NE 

cliffs in Mt Obzova and Like highland: Ceterech jsvorkeenum v, 
Cymbslaria psllids IV 1 Arabia hornungiane IV 1 Sedum purpureum m, 
Asplenium csikii IV, then the lichens Verrucllris dinarice IV and 

Celoplaca likensis II, and the moss fseudoleskes catenulate III. 

By these? communities, Mt Obzove differs from ell other isles. 

Lovric R •A:;. r :975, e Bora storms end biocoenoses of Senj archipelago. 
~otanicel Institute Udv. Zagreb, no. YU.U- 99?5, 54 P• 
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Phytogeography of native woody .L.l..l.ll.ln In Adriatic Islands 

Marija BEDALOV* and Andrija Zelimir LOVRIC .. 

• Department of Biology (Botany), Faculty of Science, 41000 Zagreb (Yugoslavia) 
•• Rudjer Boskovic Institute, 41000 Zagreb (Yugoslavia) 

RESUME :. Phytogeographie des Lilisles lignescentes sponteneee 
0es 1les adr1atiques. L'Arobipel adriatique pr6sent87 taxons apon
tanes des Lilisles lignescents: Asparagus acutifolius, ~ 
eculeetus, Smilax es,ere, sm. nigra et recemment on y a enregistre 
sussi Smile! msife;rnics, s-. willkommii et la grande lisne Ruscus 
laxus (R, b_rre_e ___ dont la synecologie est etudiee. ---

INTRODUCTION. The woody monocots ere a remerkeble feature of 
the tropical floras, and in the Mediterranean coasts this life 
form reaches its northernmost limits, Thus the Mediterranean 
palms in the native flora of Adriatic ere lacking, end Cbemserops 
bumilis L. there occurs only naturalized from cul~ivetion in SE 
idrietio, especially in Lokrum islet by Dubrovnik •. Concerning the 
exotic woody Lilisles, within the rudersl rockbusb Opuntio-Agavmn 
(Ads~ L~ in this IJt'Obipelsgo the next related taxa occur as natu
ralized from the cultivation (of, details in LOVRIC 1984, 1985) : 
Agave ameriCBDa L. (A, altissima Zum,) across this archipelago, 
~nd A. ingens Bgr. is naturalized only in the warmest southern 
1slsnds of Dalmatia, Yucca includes there 3 naturalized species: 
Yu, recurvifolis Sali~u. "gloriosa" suet, adr,) is widespread 
in Adriatic insular wells and ruins 7 but Yu, smallians Fern, (Yu. 
"filsmentoss'' auct.sdr,) is nsturslJ.zed only in cooler northern 
islands of Kvarner Gulf, and Yu, aloifolia L, grows chiefly in 
the warmest SE islands, The very native lignescent Liliales 
(Asparegeceae end Smilecaceae) there include 7 taxa, but in the 
classical floras concerning this archipelago only 4 ones havebeen 
reported (Asparagus acutifolius Ruscus sculeatus, Smilax aspers 
end Sm, nigra), end the recent detailed field prospection& there 
added Smilax meuritenics, Sm, willkommii end the big liane Ruscus 
laxus (R. barrelieri) whose vouchers are in Herbarium ADRZ. 

RESUDrS, The genus Aspera~us within this archipelago is pre
S::lnted by 4.species, but 3oft em ere herbaceous. So A, officina
lis L. s,str. grows there as sporadically naturalized from the 
cultivation in northern islands of Kverner Gulf. A, tenuifolius 
Lam. occurs chiefly in the major insular mounts of this archipel
ago, within the deciduous apical woods Seslerio-Ostryetum cerpi
nifoliee Horv. A. meritimus (L,)Mill. (A, sceber Brig,) grows 
mostly along the stony shores within the xerohelophytic vegetati
on of Crithmo-Limonietelie, end esvecielly in the Atriplici
Asparegetum meritimi Lov. of the m1nor rocky islets, 

1. Asparagus ecutifolius L. is the unique lignescent species 
of this genus w1th1n the Adriatic. It is widespread serosa this 
archipelago growing in different sempervirent woods end maquises 
of Quercetelie ilicis Br.-Bl. in nearly ell islands, 

The Smilax presents there a richest assemblage of this genus 
within the MedJ.terreneen, including 4 different insular taxa: 

2. Sm. aspers L. a.str. is widespread across this archipela

go within the evergreen woodlands of Quercetelie ilicis. 
3. Sm. nigra Willd, occur only in SE Adriatic where it is 

rer~ on the islands Korcule end Mljet, growing in the insular 
revl.nes end karst sinkholes within the humide leurisilvee of 
Arbuto sndrechnes-Quercetum bellotee Lov. 
. 4. ~m, mauritenice Deaf., (Sm, nigra X Sm. aspers ?) is en 
1ntermed1ete taxon between the both precedent ones end it is perh
aps of a hybrid origin, In this archipelago it is more frequent 
then the typical Sm, nigra, end it grows in SE islands within the 
Arbu~o-Quercetum, but also sporedicetlY in some NE isles especie
lly_1n Grgur and SE Krk (by ports Basks end Vrbnik) within the 
aem1evergreen woods of Fico-Quercetum delmeticee Lov. 

5. Sm. willkommii M,G, (S, aspers ssp, beleerice Bon., Sm. 
tregacantbe Lov,) so far bas been usually quoted to be en endemic 
of the Beleares islands, but reoently one registered its new disj
unctive outposts in NE Adriatic islands of Kverner Gulf: SE Krk 
(by Basks), Prvic, Grgur end Goli. It grows there within the 
stormy coastal rockWoods of Aleterno-Frsxinetum ergenteee Lov, ov
erexposed to the strongest Bore winds, This is a ~uite distinct 
t~xon very divergent from all other Smilax species, for being any 
l~ene but e true condensed shrub to 70 em, with the numerous short 
r~gid st.ems end densely reticulete-intriceted lateral branches 
forming e pungent echinate cushion of tregecentbic type, with the 
minute end narrow segittate leaves (to 1 x 2-3 em) whose upper 
half is transformed into e rigid thorn, end these leaves ere sub
equal or shorter then the alternating stem thorns, Its numerous 
axillar branches ere almost completely transformed into the long 
ramified thorns without leaves, 

The genus Ruscus there includes 3 taxa, Among them, R, bypo
glossum L. is only naturalized !rom cultivation in the northern 
islands Krk end Reb, end it is native in adjacent mainlands, 

6. R. aculeatus L, s,str. is widespread across this archipe
lago within the evergreen woods of Quercetelie ilicis. 

7. R, laxus Sm, (n.on Asch,.t Gr§b,, R, berrslieri M,G,, R, 
''ponticus" auct,edr,) is the most robust woody monocot of Adriat:lo 
and also the very biggest member of its genus, Thus it bas e quite 
distinct habit for being the true lignescent liane up to 230 em 
tall, with the medium sized phyllocledis (1.5- 2,5 x 3-4 em) that 
ere herbaceous with a few pungent apex (being intermediate between 
these ones of R, aculeetua end R. hypoglossum~ end with the big 
fruits 1.1-1.7 mm. Its general habit is comparable to the Censri
an Semele, but its phyllocledie end flowers belong indiscuteblyto 
a Ruscus. It grows in the ravines end sinkholes of SE islands, es
pecially in Korcule end Mljet, winding on the scrub understory of 
the leurisilvae of Arbuto-Quercetum ballotee. It is probably s 
relict survival from the subtropical Tertiary leuriailvse, 
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Lovric A,Z. 1984: Native succulents of Dinaric Kerst I - II. 
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Geobotany of s.u..u..m (Crassulaceae) In Adriatic Archipelago 
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REsUME : Geobotenique du Sedum ( Cressuleceee) de 1' Archipel 
edristique. Le karst insuleire earritique presents une !lore in
teressante des cressulecees. Le genre Sedum y est represente per 
15 taxons et 9Pbilicus par 4 esp6ces dont lea nouveautes enregi
strees tout recemment dens le !lore insulaire adristique sont 
Sedum teleShium, s! litoreum, s, brevifolium, s. clusianum, §..r. 
rohlenee, • dl.nsr cum et UUlbilJ.cUS chiorsnthus. 

INTRODUCTION. The widespread di~ed rookeries predomi
nating across the calcareous Kerst of Adriatic islands ere the 
distinctive habitats of the native Crsssulaceee end of other 
resisting succulents. The classical insular floras indicated 
there the next 9 species of. the genus ~ ( LOVRIC 1984), 
S, maximum (L.) Hoff,: widespread in woods (Orno-Ostryetslie Jalr.). 
S, sedif.ol.'IU ( Jecq.) Pau.: S islands, gerrigues Cisto-Ericion Hie. 
~ L,s,s,: widespread in grasslands Seorzonerionvill.ose Hie. 
s. boloniense Lois,: flysch grssslsnd~Scorzonerion villos~Hic. 
s. neslectum Ten.: frequent on bills, I!'estucion illyricse Ritter. 
s. hispenicum L.: hill grssslsnds, Cbr;ysopogoni-Sstureion Hie. 
s. ocbroleueum Cbaix: frequent in Chrysopogoni-Satureion Hie, 
s. album L,s,s.: old wsllsendruins,Kentrsntho-Psrietarion Mart, 
S, rubens L,: rare, wet grasslands Trifolio-Hordeion Hie. 

The Umbilicus there was indicated by 3 species in wells: 
u. horizontalis (Guss.) DC.: frequent in Asplenio-Umbilieetum Hie. 
u. rupestris (SslJ Dandy:SEisles, Kentrantbo-Psrietsrion Mart. 
U, parvitlorus DC.: rare in SE isles, Kentrsntbo-Perietsrion, 

Among the cultivated Crassuleceee, the sporadically natu
ralised ones within the Parietsrietelie Br.-Bl. there ere e,g. 
Sempervivum tectorum L. end Cotyledon orbiculate L, 

RESUDTS. The more detailed field prospections of these 
islands recently registered another Umbilicus species end also 
6 additional rere taxa of ~ in insular cliffs, including 2 
endemics. The related vouchers ere in Herbarium ADRZ. 

1. Umbilicus chlorsntbus Held,&Ssrt. occurs only in SE 
Adriatic isles (Rver, Elaf.iti, Peljesec~ in the stormy sescli!ra 

E~hedro-Cyetboselinetum pslmoidis Lov. 
2, Sedum litoreum Guss, is s Mediterranean taxon with its 

northernmost outposts in the remote Mid-Adriatic isles (Vis ar
chipelago), mostly in the dry scrub of Tbymeleeion hirsutee Tedr. 

3. s. telephium L, ssp, purpureum (LJ Sob, &: Kell., is s 
temperate taxon, rare in the peeks of northernmost isles (Krk end 
Prvic), cool-shady cliffs of Ceterecho-Cymbalerietum psUidse Lov. 

4, S, brevifolium DC, (S. globiferum Pour.) is a rereWest 
Mediterranean taxon with its isolated easternmost outposts in 

·northern Adriatic isles Krk, Prvic, Goli end Grgur, in stormy se
rossline seecli!fs of. Aurinio-Astregeletum delmetici Lo~, over
exposed to the strongest Bore winds, 

5. S, clusienum Guss. (S, g;ypsicolum Boies, .t Reut.) is 
also e W Mediterranean taxon with its easternmost outposts in 
NE Adriatic isles as above (Krk, Prvic, Goli, Grgur), but it 
grows there chiefly on the dry and stormy apical cliffs of ins
ular mounts, within Micromerio-Onosmetum croeticee Lov., very 
exposed to the hurricane winds of Bore t;ype. 

6, S, roblenee Dom, (s. montenegrinum Horak) is en Eastern 
Adriatic endemic of the Dalmatian coastal mountains that is re
cently registered also on some major insular mounts of Krk, 
Prvic, Brae, Peljesse, ete. It is there abundant in the dry 

apical cliffs within the alliance Edreienthion Lsk. 

7. S. dinericum M,G. (s. orientale suct,adr, non Boise,) 
is en interesting NE Adriatic endemic of the Croatian coastal 
mountains, end it is recently registered also on the major 
insular mounts of Krk, Prvic, Brae end Peljessc, growing in the 
dry apical cliffs within the Micromerio-Onosmetum croaticse. 
It is a distinct end very decorative under-shrub, with thebrown 
-reddish stem, contrasting blue-violet leaves end conspicuous 
golden-yellow flowers, 

Thus by these studies, Adriatic Archipelago includesell 
together 15 taxa of ~. end 4 ones of the genus Umbilicus, 

Reference 
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Investigation of transpiration 

of Mediterranean species Cercls slllguastrum leaves 
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Introduction.Cercis silisuastrum L. (Caesalpinaceae) ,the Judas 
tree, is a native shrUb or tree of the coast and islands of the 
Mediterranean area of Yugoslavia. The investigation of transpira
tion (Tr) of leaves was carried out using STOCKER's method {1 ,2) 
in natural condi tiona. Stomata openning degree was determined by 
infiltration method.Microclimatic factor investigations were also 
performed. 
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Flg.1. TranapfraUon waluel of Judea Tree feawea 
during • clar in a w-.etation ••••on 

Fit 2. Tranaverae ..cllon of Judlla Tree leaf 

Results. 
:::rneroundish,deeply cerdate,glabrous leaves of c.s. are dersi
ventral,amphistomatic and are on the a~erage 184ii thick.stomata 
den~ity of upper epidermis was 23, 7/mm and lower epidermis 273,0 
/mm .stomata dimensions (in u) on the upper surface (27,36X17.18) 
and lower surface (27.30 X 16.98) are rather similar.-The big
gest among the measured Tr values was 28.34mg/g/min on 16,07 at 
4h p.m.and the minimal Tr value was 5.26mg/g/min on 1,08 at 10h 
a.m.-The average quantity of transpired water in a min.was 13.99mg 
per gramme on a leaf .-In July and September the Tr value was con
siderably higher in comparison with the values measured in August. 
-Positive correlation between Tr,microclimatic factors and ope
nings of stomata was found, 

Ffg. 3. Epidermlt of Judae Tree leaf in turf ace view: A~lowar apidermil, &·upper apidarmia 

Discussion. 
-The results which we have came to in our researches (3,4) fit 
in with the results which already had enable to draw a compari
son of c.s.Tr intensity and the Tr intensity of other submediter
ranean anii eastern mediterranean species. (5,6) .The ampitude of 
the Tr intensity of these species is very high,going between 2,65 
and 19.81 (daily sum of Tr g/g) .It is obvious that £•!.•has a great 
need for water which places it into the group of species in the 
mediterranean,with a very high Tr intensity (8, 74) .-The Tr inten
sity of the species mainly depends on the plant species genetiical 
code, the leaves structure and ecological factors of the habitat. 

REFERENCES. L STOCKER ) • ( 1929) : Eine feldmethode zur Bestimmung der 
momentanen Transpiration und Evaperationngrosse;~.£·~ ~ 
Ges., 47:126-131 - 2,STOCKER o. 11956) :~lessmethoden der Transpira
tion Handb,d:Pflanzenphysiologie III:293-33.1,-3,GAZI-BASKOVA V. 
PLAVSIC-GOJKOVIC N, (1979) :Preliminare Untersuchungen Uder die 
Grosse und den Transpirationsgang einiger Phanerophyten im Park 
Mala Mlaka, II Kong res ekologa Jugoslavije: 1215-1226.-4 .PLAVSIC
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Ecologle et vegetation de quelques ilots 

au volslnage de Ia Crete 

E. ECONOMIDOU, T. GEORGIADIS et D. CHRISTODOULAKIS 

Dans le cadre de 1 1 etude des biotopes importants de Crete nous avons entrepris 
l'etude de la flore et de la vegetation de petites iles au voisinage de la crete. Dans 
cette contribution nous decrivons le vegetation des iles suivantes: 
1. Grambuses: (Agria Grambusa et Imeri Grambusa). 
2. Dionysades: (Paximada, Dragonada et Giannisada). 
3. Elaphonisos. 

RECHINGER (1951) a donne .quelques notes sur la vegetation de ces iles. Selon la 
classification du bioclirnat mediterraneen d'Emberger (1955), les iles Grambuses se situent 
dans 1' etage subhumide ,de Dionysades B. la limite des etages subhumide et semiaride, alors que 
que celte.s d' Elaphonisos se trouvent dai_ls 1 1 etage semi-aride. Toutes les lles: sont caract€risees 
par un hi ver chaud. 

1. GRAMBUSES: Les lles des Grambuses sont un groupernent insula ire de la Mer Cr€toise, 
qui se trouve au Nord-Ouest de Crete, consLi tue par les iles Agria Grambusa et Imeri 
Grambusa (Dimitraki). 

1.1. IMERI GRAMBUSA (DIMITRAKI): La vegetation de 1' Ue est: constit:uee par trois forma
tions. a) La vegetation des cOtes rocheuses o\1 dominent les especes I;ula candida ssp. 
candida, Capparis spinosa et Achillea cretica. Ces esp€:ces rupicoles se melangent avec 
les halophytes Arthrocnemum macrostachyum, Crithmum maritimum, Limonium frederici, 
Inula crithmoides, Frankenia hirsuta, A triplex halimus et Sedum _litoreum. b) Le vege
tation de la cOte sablonneuse au Sud-Est de 1 'ile. L' influence hurnaine et la petite lar
geur de cette zone n 1 a pas permis ~ cette vegetation de bien se d€velopper, vers une 
association amrnophile typique. c) Sur la partie centrale se develop pent des phryganes 
~ Euphorbia dendroides, Coridothymus capitatus, Thymelaea hirsuta, Ballota pseudodi
ctamnus et Phlomis fruticosa. 

1.2.AGRIA GRAMBUSA: Le vegetation icl est constitue par deux formations~ Les phryganes 
et: les halophytes. Les halophytes qui ferment: une bande le long des cot:e; ent:ren"t sou
vent vers l' int€rieur de l 'ile et ils se melangent avec les phryganes. La zOne des 
halophytes est plus large au Nord de l'ile, oil 11 influence des ernbruns est plus forte. 

2. DIONYSADES: Les iles de Dionysades sont: un groupement: insulaire, const:itc.e de trois 
petites !les qui se trouve A dix kilometres au Nord-Est de Crete, en face du golfe de 
Sitia. 

2 .l.PAXIMADA: L' !le de Paximade est: la plus pet:it:e, la plus difficile a aborder et: la 
plus eloignee de ces t:rois iles. Le geomorphologie de 1' He ne permet: pas des act:ivit:es 
humaines; en consequence la vegetation se maintient ~ une situation naturelle. L' 
influence de la mer est evidente dans toute la vegetation oil participent et souvent 
dominent les halophytes Suaeda ver·a, Salsola aegaea, Mathiola sinuata et Malcolmia fle
xuosa. Malgr~ 1 . ., pArticipation abondante des halophytes.la vegetaTion presente une 
differenciation en s' eloignant du bord de la mer vers 1' interieur oil la participation 
de Euphorbia dendroides est: plus elevee. 

2.2.DRAGONADA: Les halophytes ferment: ici une zone littorale et:roit:e oil dominent: les: 
Arthrocnemum macrostachyum, Salsola carpatha, Limonium graecum, Lirnonium ocymifolium, 
Limonium sitiacum, Frankenia hirsuta et Malcolrnia flexuosa. Apres cette zone se d8ve
loppe une variet:e du phryganes ou des broussailles. 
-Dans les parties basses de 1 1 ile il y a une formation des phryganes denses a Thymelaea 
hirsuta et Coridothymus capitatus .. 
- Sur les pentes calcaires ces phryganes s tenrichissent avec d 'autres taxons phryga
niques (Teucrium gracile_, Fumana thymifolia, Phqgnalon graecum, Euphorbia dendroides, 
Teucriurn brevifolium, Sarcopoterium spinosum etc.) et des G:rarninees (Hyparrhenia 
hirta _, Stipa capensis). 
- Au Nord-Est, le long du littoral JuniPerus phoenicea contitue de brousailles impor
tantes de 2-3 rn~tres de hauteur. 'A cause de son etendue et de son relief plat Drago
nada a subi des essais de colonisation et d'exploitation, dent les resultats sent evi
dents sur le v8g~tation naturelle. Les buissons de Juniperus phoenicea ont subi une 
d~gradation et portent des traces de coupes et d' incendies. Toute la vegetation et; 
particulierement les phryganes, subissent le p~turage saisonnier. 
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2.3.GIANNISADA: Les caracteres principaux de 1 1 environnement naturel sent les cOtes 
calcaires abrupt:es a halophytes et: rupicoles et la v~get:at:ion homogilne des phryganes 
t:out: au long de 1' He. 
3 • EL~PH?NISSOS: a) Sur les dunes dans la partie orientale de 1 • He se developpe une 
ass~c7at~on de ~mophil7t~m arenariae a Ammophila arenaria, Elymus farctus, Centaurea 
purn~l1o, Pancrat~urn mar1t~mum, Otanthus maritimus et Silene Succulenta. En arriere du 
Ammophiletum sur les sables se rencontrent quelques arbustes de Juniperus rnacrocarpa. 
b) Sur les cotes rocheuses il y a des halophytes comme At:riplex halimus, Eryngium ma
ritimum, In~la crithmoid:s etc.). Sur le plateaux cen~ral se cteveloppent des phry
ganes ~ Cor~dothymus cap1 tatus, Ballot a pseudodictamnus, Phagnalon graecum, Rut a cha
lepensis et:c. ) . 

CONCLUSIONS: En conclusicn.la v~gi!t:at:ion de petites tles et:udiees est: constituee: 
1. Des associations de phryganes, occupant en general le centre des !les. 
2 · Des brousailles ~ Juniperus phoenicea ~ Dragonada et quelques arbustes de Juniperus 
macrocarpa B. Elaphenisos. 
3. Une zone peripMrique des halophytes, qui varie selon 1' altitude, les vents domi
nail ts et let grctndeur de 1' ile. 
4. Des associations ammophiles a Elaphonissos et Imeri Grarnbusa. 
5. Les influences humaines (tourisme, p~turage, chasse) sent plus €'videntes ~ Elapho
nissos et: a peu prils nulles il Paximada. 
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Nouvelles decouvertes en ltalle d' Euphorbia Wulfenll Hoppe 
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ABSTRACT: New records of EuShorbia wulfenii Hoppe in 
Italy, and considerations on its ha it at, morphology and caryology. 
The main area of Eu. wulfenii includes the Yugoslav and Albanian 
coasts, with some ~solated outposts elsewhere inS Europeancoast& 
The new localities of Italy are registered in some ravines of 
Apulia and Lucania. Its caryotype is very similar to Eu. characias I.. 

· INTRODUCTION : ~horbia wulfenii Hoppe (Eu. veneta auct. 
p.p.) a une aire de repa 1tion med~terraneo-orienta1e. Eiie est 
indiquee par SMITH et TUTIN (1968) en Grece, Albanie, Yougoslavi~ 
Italie et France. Une repartition tres detaillee des localites 
connues est rapport'e par FUKAREK (1957), PULEVIC (1971) et par 
BIONDI (1984). Ce taxon presente une aire preponderante le long 
des cates adriatiques des Balkans, surtout en Yougoslavie et en 
Albania et il remonte au nord jusqu'a Trieste (entre Miramare et 
Duino). Quelques localites sont connues aussi en Gr~ce, surtout 
dans le Peloponnese. Ce taxon est present aussi au Monte Conero 
en Italie centrale (BIONDI 1981) et elle a ete signalee aussi au 
Gargano par Tenore et Rabenhorst dans XIXeme siecle, reY.ris par 
FENAROLI (1970) mais recemment ici elle n'a plus ete retrouvee. 
On en trouve m~me une station disjointe en France entre Venti
miglia et Nice et en Italie en Ligurie occidentale en Val Roia, 
indiquees par PIGNATTI (1982) et aussi une autre isolee tout 
orientale, en Turquie a l'ile de Prinkipo (Mer de Marmara). 

RESULTATS: Les nouvelles decouvertes en Italie sont situ
ees dans les ravines de la Pouille et de la LUCB.+lie. Dans la 
Pouille on la trouve a la Gravina di Laterza et Gravina del Varco 
(Taranto), puis en Lucanie a la Gravina di Matera et dans la 
localite· dite Murgia Timone pres de Matera. Dans toutes ces loca
lites examinees, Eu. wulfenii est tres nombreuse et surtout au 
fond des ravines et dans !a partie inferieure des pentes ou elle 
prefere lea lieux plus humides. Plus rarement on la retrouve 
aussi dans le territoire environnant ou Eu. wulfenii forme des 
petits peuplements au bord des sentiers, des cultures, des decha
rges et des carrieres. Elle y est accompagnee surtout par lea 
especes caracteristiques des srercetea ilicis et des Quercetalia 
ilicis. Il faut remarquer que ocalement EU. wulfenii ne se 
trouve pas entremelee avec Euphorbia dendro~des t. qui est presen
tee ailleurs dans l'aire en quest~on, ce que on peut aussi veri
fier par exemple au Monte Conero ou aux plusieurs localites bal
kaniques etudiees ~ar PULEVIC (1971). Eu. wulfenii est indiquee 
par PIGNATTI (1982) comma un taxon typique des rochers cotiere et 
des localites decouvertes qui se trauvent a 300-350m s/m et a 
20- 25 km de la mer. Celles-ci sont lea plus internes de la Pen
insule italienne et elles sont alliees evidemment aux conditions 
microclimatiques des ravines et des territoires environnants qui 
y simulent les conditions du type cotier. 

Dans les nouvelles localites decouvertes Eu. wulfenii 
montre un considerable degre de variabilite, surtout concernant 
la forme et la couleur des glandules des inflorescences qui sont 
jaunatres avec la forme d'une demi-lune - mais quelquefois 
elles sont rougeatres et de forme variable ressemblant a Eu. 
characias L. Ses bractees sont generalement soudees en forme d' 
un entonnoir - mais dans un exemplaire elles etaient complete
ment plates. 

L'~tude caryologique effectuee sur les specimens des 
localites nouvelles a r~vel{un nombre chromosomique de 2n = 20 
(CESQ.l 1967) et la formule caryologique suivante: 

14m + 2m8 + 2sm8 + 2st 

Celle-ci montre clairement deux pairs de chromosomes a satellite~ 
Ce caryotype de Eu. wulfenii est tres semblable au caryotype de 
Euphorbia CharaC1aS L. et peut etre qu'il s'agit de deux varietes 
de 1a m3me esp6ce et non de deux especes differentes. 
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Influence du paturage par Ia chevre sur Ia structure 

d'un Phrygana lnsulalre (Naxos, Cyclades) 

Giorgios M. TSIOURLIS 

Athens University, Section of Ecology and Taxonomy, 15784 Athens (Greece} 

Introduction Dans ~e cadre d'une approche des 
ecosystemes types mediterraneens insulairesnous avons aborde, 
entre autre, ~·etude d'un phrygana a·.Genista acanthoclados_ et ~.,. 
mus capitatus sur sol rouge mediterraneen tronque (absence d'hor~
zon humifere), dans la partie est de l'1le de Naxos, situee dans 
une zone climatique medit. sub-aride. La presentation et la phyto
masse de ce phryg&!la ont fait~'objet de deux publications (C.I.E. 
S.lli., I985 ~'\!_1986). . _ _ 

Dans le present article nous analysons l'evolution du recouvre
ment vegetal dans una zone cloturee de 600m2, a l'abri du p~turage 
par ~a chevre (charge normale I-3ch/ha) • 
L'etude sa base sur la comparaison'de deux cartographies minutieu
ees planes du mAme carre experimental de I5m de cote (225m2) a 
3 ans et demi d' intervalle. 

Resul tats/Discussion !Q (mars 1984 ) Le phrygana se presente 
sous la forme d'une mosaJ.que d'une dizaine d'especes de ligneux 
bas xeromor:phes a feuilles persistantes, ercus coccifera (ch~ne 
kermes nain), Olea europea silvestris (olivier sauvage , ~ 
lentiscus (lentisque), Thymus capi tatus, Erica vertic illata, 
Cistus monspeliensis et creticus, dont certa~s sont globUleux et 
ep~neux, Gen~sta acanthoclados et Sarcopoterium spinosum. 
Cette formation buissonneuse et epineuse,. sclerophylle, a une 
hauteur moyenne de 30 a 50 em et recouvre 40% de la surface du sol. 

A l'interieur du carre experimental nous -retrouvons toutes les 
especes vegetales presentes dans le phrygana (a l'exception d'!· 
verticillata); lea recouvrements par espece sont voisins de ceux 
observesdans le phrygana. Nous notons la predominance de G. acan
thoclados -16,67%-, T.capitatus -8,60%-, Q.coccifera -7,2~ 
dans une moindre mesure c.mons:yeliensis et creticus -4,26%- (re
partition egale entre las deux • Le recouvreiiieiit"tOtal est de 38, 4%. 

II (oct. I987) La morphologie et l'aspect 
de la vegetation dans le carre experimental sont boulverses, con~ 
trastant en cela avec l'image toujours identique du phrygana sous 
l'influence du p~turage par la chevre. 

Le recouvrement vegetal est maintenant de 59,1 % (augmentation 
de 54%) et la hauteur moyenne 0,5 - I,O m. 

Nous notons la presence significative de deux nouvelles especes: 
Cistus salviaefolius (0,32%) et Fumana sp. (0,84~4 

Les especes comme Q.coccifera et O.e.silvestris, qui subissent 
directement-et ce sur toutes lea parhes veglha:ies-les consequ
ences de la dent de la chevre, montrent une tendance colonisatrice 
marquee; ainsi le recouvrement du ch~ne kermes est porte a I2% 
(augmentation relative de 66%)ilpresente une stratification verti
cals -20, 40, 60 et plus de 60 em- ce qui ;pepresente une augmenta
tion importante de la phytomass~du simple au double (Tsiourlis, 
I986); l'olivier recouvre maintenant 1 1 3~ soit une augm.de IOO". 

Lee especes dont certaines parties seulement sont consoBmees 
comme le·s cistes {boutons f'loraux) et le lentisque (baies), montr
ent egalement un dynamisme accentue: plus du doublement du nombre 
de c~stes accompagne d 'una augmentatio:a. du .. recouvrement de I 50%, 
tand~s que l•augmentation est de 38% pour le lentisque. 

Enfin lee especes delaissees par les caprins en temps normal, 
G.acanthoclados et T.capitatus dans une moindre mesure, presentent 
une augmentation relative de I/3 de leur recouvrement et cela 
surtout par la croissancedes individus deja bien implantes. 

Quant a s.spinosum, bien que ce soit una espece f.aisant partie 
du menu des caprins elle ne semble pas avoir ete favorisee par 1' 
absence de paturagemais ~ plutot subi de maniere plus prononcee 
la concurrence Cles autres especes (chAne et cistes). 

Le nombre total des individus a plus que double, de 540 a II34, 
les especes dominantes par leur volum~ (G.acanthoclados 
et Q.coccifera)presentant unecroissance relative moindre du nombre 
de pieds comparee a celle des plus petites especes (Fumana, cistes). 

Nous noton~ ~'apparition de ~perposition~ interspecifiques 
vegetal~s, qu~_ concern!lnt environ IpiO de 1!!- vegetation, phenom~ne 
quasi _inexistent· en I984 (I."'; 'la principals tendance est 

l'expansionnili!1lle du ch~ne kermes qui tend a etouffer des parties de 
G.acanthoclados (3% de celui-ci), des cistes entiers (5%) et moins 
la variete de thym; l'olivier cro1t aux depens--de G.acanthoclados; 
les cistes a leur tour tentent une domination essentiellement sur 
le thym {4% de celui-ci) et s'installent sur le pourtour de G.ac
anthocladths (IO% des cistes); d'autres combinaisons de moindz:e
importance sont relevees egalement •. 

Une derniere observation, consequence des superpositions vegeta-

;i:~i~~t~ai~Sife~f~sf'i~~;vf~~;tr~it;;l~~t~~:f~erj~a;~;~:~:r!:; 
et des cistes nous notons en % re~atifs par espece que 7% de G.ac
anthoclados, II% de T.capitatus sont dans cet ~tat et q~e 2,5~s 
cistes et 4~ de S.spinosum le sont egalement SOUS l'act~on du Chene. 

Genista acanthoclados 
Thymus capitatus 
Quercus coccifera 
Olea e.silvestris 
Pistacia lentiscus 
Cistus sp. 
Sarcopoterium spinosum 
Fumana sp. 
Juniperus phoenicea 
Total 

Recouvrement % 
ll§i l.2.§Z 

I6, 67 
8,60 
7,20 
0,56 
0,65 
4,26 
0,32 
0,09 
O,OI 

".38";4b 

21,90 
II,35 
II,97 
I,26 
0,90 

I0,64 
0,20 
0,84 
0,05 

59,II 

Nombre 
l&i @. 

94 
I68 
2I 

5 
2 

218 
I4 
I6 

2 

II2 
234 

25 
9 
5 

506 
I3 

207 
3 

Cette etude est realisee a l'aide d'une bourse de recherches octro
yee a l'auteur par le Departement Environnement de la C.E.E. et 
s 1 in sere dans le cadre de deux programmes de la Section d' Ecologie 
de l'Univ. d'Athenes (sous la responsabilite du Prof. hlatsakis), 
l'un co-subventionne par la C.E.E. et l'autre par le l~inis. Agricu
lture grecque. 
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I-II2 
Sur le peuplement microfaunistique 

de deux ilots volcaniques 
de Ia cote mediterraneenne Espagnole 

Enrique GADEA 

Departement de Biologie Animale (Zoologie), Universite de Barcelone, Barcelone (Espagne) 

In this pc.per is studied the lichen inhabiting .r.:.icrofauna 
in two little isle~s of Spanish .r.:.editerra~ean coast, particular
ly the nem.atofc.una. Some regards on ecological and faunistic as
pects are exposed. The nematoooenosis is,very representative, 
with detritophageous and saprobiontic forms almost exclusively. 

RESGWJE:N 

En esta nota se estudia el poblamiento micrcfa~~istico li
quenicola en dos islotes volcanicos del literal mediterraneo es
p~ol, particularmente la neoatofauna. Se expone algunas consi
deraciones sobre los aspectos ecol6gicos y faunisticos. La nema
tccenosis es ouy representativa, con formas detrit6fagas y sapro
bi6nticas casi exclusivamente. 

On a etudie a cet egard de~~ !lots d'crigine et de nature 
volcanique, mais a des caracteristiques un peu differentes: le 
Colu.mbrete Grande et 1 '!le Mayor. Dans le premier cas il s 'agit 
d'un !lot du petit archipel des Coluocretes, a 35 Km de la cOte 
continentale iberique (Castell6n), en pleine mer; dans le second 
cas, l'!le Mayor est un petit !lot situe a l'interieur d'une pe
tite mer littorale, laMar Menor (Murcie), au SE, pres du Cap de 
Palos. 

Dans les deux cas il s'agit d'!lots de nature eruptive, mais 
tandis que les Columbretes sent de roche volcanique basique (type 
basal tique), l '!le r11ayor est consti tuee par ripari tes et rioli tes 
recentes, probablement pliocoeniques, avec des andesites. C'est 
pour ga qu'il-y-a de l'inter~t de comparer le peuplement micro
faunistique de ces deux sortes d'!lots. 

Le materiel etudie comporte exclusivement des lichens (Xan
thoria aureola) dans tous les echantillons. La. nature de ce mate
riel est tres uniforme dans les deux !lots. Cette circonstance a. 
perEis des comparaisons tres valables, avec tme certaine simili
tude dans les resultats. Il s'agit de petites masses deli-
chens dont la. reaction du milieu est a.cide (pH= 5-5,5). 

La. microflore est r<olativement pauvre en bacteries, n:ais 
avec abondance de cya~ophycees (Nostoc, Oscillatoria). La mi
crofaune hydrophile presente des rotiferes, tardigra.des, the
camoebiens, cilies et nematodes. La composition relative de 
cette biocoenose hydrophile est &proximativement la suiva.nte 
(par ordre de dominance): tardigrades, 40%; cilies, 25 %; ro
tiferes, 20 %; nematodes, 10 %; et thecamoebiens, 5 %. 

On a. etudie, surtout, la. nematofa.une. A cet egard, les 
resulta.ts concernant les nematodes sont les suivants: Pelode
~ {£:.) 'teres, 42 %; Ditylenchus intei'll!edius, 19 %; Plectus 
cirra.tus, 13 %; Panagrolaimus rigidus, 10 %; Tylenchus (l.) 
filiformis, 8 %; Mesodoryla.imus bastian~ 3 %; Rhabdolai.r.:.us 
terrestris, 2 %; et Aphelenchoides parietinus, 2 %. 

Du point de vue ecologique on peut dire que, dans l'en
semble, seulement se trouvent des e1ements detritopha.ges et 
sa.probiontiques (representee par des tylenchoides (12%), des 
araeolairroides (32 %) et des rhabditoides (50%)) pratique
ment, eta.nt les elements bryophages (representee par des do
rylaimoides (6 %)) seuleoent dans~~ echantillon avec une es
pece (Mesodory1aimus bastiani), avec une absence totale des 
forrres predatrices (mononchoides et tripyloides). 

Dans 1'ordre faunistique, 1es especes trouvees sent pro
pres des biotopes de ce type: il s'a.git d'une nematofaune ca
ra.cteristique bien definie. Toutes les especes trouvees sont 
des formes coomunes et cosmopolites dent l'inter~t biogeogra
hique est tres faible. Cependant, il faut tenir compte du peu
plement recent de ces petits !lots volcaniques. 
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Donnees preliminaires sur le peuplement d'Orthopteres 

de certains ecosystemes typiques de I'Egee· 

E. FATSEA,E.GAITANAROU,E. TOUNTAetJ. MATSAKIS 

Departement de Biologie (Ecologie-Taxonomie), Universite d'Athenes, 15771 Athenes (Gnke) 

Introduction.Deux series d' echantillons quantitatifs et semi-quan
titatifs ont ete fait a Naxos, en debut de l'ete 0987) et en fin 
de printemps (.1988) et ont permis d'estimer, en premiere approxima
tion, la composition et le spectre faunistique, la densite et la 
biomasse du peuplement orthopterologique de 4 types representatifs 
d' ec;.osystemes insula ires egeens: -un maquis clair. un phrygana-ma
quis degrade, un phrygana et une oliveraie(ancienne plantatio non 
exploitee). Les 4 biotopes sont adjacents et sis sur un versant est, 
entre 0,5km et 1,8km de lamer, de 50m a 250m d'altitude, sur ter
rain calcaire rocailleux. Ils subissent tous une pression de patu
l:'age "libre''. par les chevres, pendant la plus grande partie de 1' 

annee (.charge: 3individus/ha en moyenne). 

Les estimations ont ete effectuees sur des specimens recoltes 
dans des surfaces d'echantillonnage constituees d'une part par des 
parcelles carrees de 1Om X 1Om et par des "transects" de 25m X 2m 
d' autre part. On a tenu compte du pourcentage des animaux echappes 
et on estime que le degre de representativite des echantillons at
teint au moins 80%. 

Structure de la vegetation. 1.Maquis: Recouvrement vegetal env.58%. 
Principales espikes: Juniperus phoenicea 42% (ht moy. 2, 75m) , Olea 
eur.:>paea silvestris 10%, Pistacia lentiscus 10%, Quercus £2~ 
1,5%.- 2.Phrygana-maquis degrade: Recouvrement vegetal 46%. Princi
pales especes: Quercus coccifera 20%, Genista acanthoclados 8%, E_!-' 

stacia lentiscus 7,5%, Thymus capitatus 7%, Calycotome villosa 2%. 
- 3.Phrygana: Recouvrement vegetal 60%(ht moy.0,8m) .~ acan
thoclados 15%, Thymus capitatus 9%, Quercus coccifera 4,5%, Cistus 
creticus 3%, Pistacia lentiscus 3%.- 4 .Oliveraie: den site env.1 00 
arbres/ha(ht moy.9m) .Presence sporadique:~ lentiscus. (Don
nees: MATSAKIS-KARAMAOUNA, LEGAKIS, TSIOURLIS, MAGIORIS:C.I.E.S.M. 
1984 et 1986). 

Resultats qlobaux (voir Tableau ci-dessous). 1.Des differences ap
paraissent entre les 4 biotopes, aussi bien dans le cas de l'echan

tillon des debuts de l'ete 1987(26-28.VI) que dans celui de la fin 
du printemps 1988(30.IV-01.V): Elles portent sur la composition,la 

densite et la biomasse. (N.Dans les cas oil le nombre de donnees per
mettait des tests statistiques, les differences s'averent significa
tives). 2.Dans 1 'ensemble, huit especes differentes au moins ont ete 
signalees, mais dans chaque biotope 2 a3 sont dominantes Crarement 
les memes dans 2 biotopes differents). 3.A titre indicatif, on peut 
retenir le fait que les densites sont superieures, en moyenne et dans 
l'ensemble, en debut de l'ete (.1987) qu'en fin de printemps (1988). 

4. On do:i:t relever par ail leurs une dominance des Acrididae, adultes 
ou sub.-adultes en rnajorite, en debut de l'ete et une dominance des 
Tett:i:gonidae, inunatures en rnajorite, en fin de printernps. 5.La bio
masse de passe 120gr /ha poids sec (fin juin 1987) ; cependant, elle os
cille entre 3 et 14gr/ha, probablement de fac;:on transitoire, en 
fin avril, au 1110rnent de 1 'apparution des jeunes tettigoniens. 

Tableau synoptique 
maquis • phryg. _-maq 1 phrygana oliveraie 

Den site: ind/ha (1) 940 1709 1160 1067 
(2) 667 367 167 1067 ----------------------- -------------·-- ---------- -----------Biomasse: 9"t/ha (1) 112 128 124 149 
(2) 

' 
8 3 14 

---~------------------- -----------.,.--.- ----~----- -----------Composition: % (1) 
z:. .. Qedijlcida caerulescens 27,6 6,4 46,9 

Oed.miniata min. 27,6 3, 2 31,2 
Calliptamus barbarus 8, 5 6, 4 3,4 
Calliptamus italicus 6,4 3,4 19,0 

T.Tylopsis lilifolia 12, 7. 6,9 
Larves 8,5 54,2 51,7 9,4 
Qiye;;:s X 

_21·1 !3,L8_ _12.Q - - - 1·1 
Composition: % (2) 
A.Larves 98 95 95 
T.Larves 2 

--------------------------------------------------------------
(1): Echantillon de juin 1987 (2): echantillon avril-mai 1988 
A! Acrididae T: Tettigonidae x: y compris indetermines 

--------------------------------------------------------------------· *' Recherches realisees dans le cadre du programme ENV-593-G(B), 
Direction XII, C.E.E. 
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Synecology of Crayfish and Herpetofauna in Adriactic Islands 

J. OBRADOVIC, A.Z. LOVRIC, M. RAG and B. SEKULIC 

Center lor Marine Research, R. Boskovic Institute, Zagreb (Yugoslavia) 

RESUME : SynEcologie des €crevisses et de 1 'herp€tofaune des iles adriatiques. 
Les biotopes typiques dul~aquicoles dans 1 'Archipel Adriatique sont confines 
aux iles pluvieuses septentrionales pr€sentant les biotopes d' Austropotal!lobius 
italicus, Triturus vulgaris, ~ arborea, Rana ridibunda, Natrix natrix et 
Emys orbicularis. Ils sont absents des iles s€ches m€ridionales de Dalmatie 
~ sont plus riches en 1€zards et serpents dont la synicologie y est 
€galernent etudi€e. 

INTRODUCTION. The freshwater habitats of the crayfish snd 
amphibians in the Adriatic Archipelago are rather rare, due to 
the lacking precipitations and especially to the predomination 
of the porous Karst substrata being lDlS\rii;able for the forming of 
surface waters tat there sink immediately into the subterranean 
cavities. Thus the stable and tyPLcal freshwater habitats there 
are restricted to the most rainy northernmost islands of Kvarner 

~~!;h:~P:~ia!~~e i~m;~b~:!:~d~o~~8=o~~~w~Js w~:r~c~:-lm!~~an 
islands occur only some unstable seasonal tarns and the brack~sh 
lagoons where the crayfish is lacking, and the amphibians are 
rare including only Bu!o viridis and Bombina variegate. These 
hot-dry douthern islands in Dalmatia are but the richest ones in 
reptilians , and especially in different lizards. The main studi
ed freshwater habitats are the next two ones: the well conserved 
Vrana lake, a deep rocky oligotrophic basin in Cres island, and 
in the Krk island the Ponikve flat lakelet,and the Velarika rivu
let presenting the unique permanent running water of the entire 
archipelago. Both freshwater sites of Krk recently are partly 
degraded by the hydrotechnical regulations for water supply. 

RESULTS. The insular crayfish in the fresh waters of Cres 
and Krk has been defined by STANKOVIC ( 1961) to be Austropotamo
bius italicus Fax., but it is rather deviating from its West 
Mediterranean tyPe especially concerning a minor size and the 
major spinescence, and this may be probably a separate insular 
subspecies; It occurs either in the muddy-shingly bottoms within 
the calciphill.o karst hydrophytes of the alliance Coleogeto-Naja
dion Lov. , and also on the rocky bottoms covered by the calcify
ing water mosses of Fontinslion antipyreticae Hlib. 

Among the amphibians, the most widespread ones across this 
archipelago are the swamp ubiquitarisns Bufo viridis Laur. and 

mb s varia ats kolombatorlci Bedr., being the most resisting 
amphibians to a per o ca sr ity. Thus during the summer, 
they find their refuge under the stones and in karst pores. 
Their habitats include the dessiccating tarns of Iso8tetalia 
Br.-Bl., and also the subsaline swamps of the Bolboschoenion S6o 
and Ruppietalia Br.-Bl. other insular amphibians are related to 
the stable freshwater habitats and they occur almost only in the 
northern islands of Kvsrner Gulf. The Hvla arborea L. of these 
islands is ecologically rather divergent from its mainland popu
lations 1 for there it is lacking from its usual forest habitats 
and it ~s usually found by the springs and within the caves, 
mostly correlated with the skiophytic ferns of Adiantion Br.-Bl. 

The Urodela are presented chiefly by Triturus vul~aris tomma
Wll (Walt.), an endemic subspecies of East Adi'iat~csrs't wate
rs and there it lives, also as the crayfish, between the calciphi
lic hydrophytes of Coleogeto-Najadion. other rare amphibians of 
N islands are Rana ridibunda Pall. and Sslamsndra sslamsndra (L.) 
whose synecology was not studied. 

The freshwater reptilians found only in Ores and Krk are the 
turtle OOs orbicularis (L.) and serpent Natrix nstrix (L.), both 
living mostly within the reeds of Phragmitetalia Tx.& Prs. The 
terrestrial turtles are presented only by Testudo hermanni Gmel., 
that is frequent in the major southern Dalmatian islands, but 
rare up to ·absent in northernmost ones. It occurs chie!ly within 
the garrigue scrub of Cisto-Ericion Hie. Concerning the terrestr
ial serpents of archipelago, .Vipers ammo~tes ( L. ) is frequent in 
some major islands but rare up to absent n many minor islets. 
It is there also ecologically divergent from its mainland popula
tions, for it is there rare in its usual habitats of open rocks 
and grasslands and occurs mostly in the woods of Orno-Quercetum 
ilicis Hie and of Carpinetum orientslis Hie. Vinera berus L. oc
curs only in the northernmost Krk island, witbiD the montane 
woods of Seslerio-Ostryetum carpini:f'olise Horv. The largest and 
frequent insular serpent is Coluber carbonarius (Bonap.) living 
chiefly in the deciduous thornbush of Psliuterum Hie. Telesoopus 
~(Fleisch.) occurs in many islands, almost in the grassla
nds of Artemision lobelii. Other rare insular serpents are also 
Coluber najadum (Eich.), Elaphe situls (L.), E. quatuorlineata 
(Lacep.) and Malpolon monspeesulanus Herm., whose synecoloc;r ie 
not studied. 

The saurians include Onhissurus apodus (Pall.), frequent in 
many isles within the flysch grasslands of Scorzonerion villosae. 
The geckos include Tsrentola mauretanioa ( L.) frequent Dn the is
lands in old houses and ruins within Kentrsntho-Psrietarion R. 
Mart.; and more rare Hemi4aetzlue turcicus (L.) of southern Dal
matian islands (synecology not studied). The true lizards include 
6 main insular species with numerous endemic subspecies. So the 

· ~~~;~i~~s P~i:;x;:c!nf:c~~:ir~c!it; > t~: ~~;i~!~!~s;o i:~~!~~e 
Krk and Prvic. Lacerta trilineata Bedr. is frequent in insular 
scrub of Cisto-Ericion. The endemic Podsrcls o~ceEhala (Dum.& 
Bib.) occ~in the mediterranean grasslands of ym opogono
B~sc~odion Hie. in the southern Dalmatian islands. only. P. tau
~ ~s there presented chiefly by ssp. fiumana (Warn.) being 
w~deapread in the grasslands Scorzonero-Chrysopogonetalia Hie.& 
Horv. across the archipelago. P. sicula (Rat.) presents some ins
ular endemics within the summer-deciduous scrub Euphorbietum den
droidis Guin.& Drou. of S external isles: ssp. pelagosae (Bedr.) 
in Palagruza, and ssp. cazsae (Schr.) in Susac. The .reputed black 
lizard Podarcia meliaellensis (Braun) is the most diversified in 
insular endemics. So ~ts ssp. meli.sellansis a.str. ,:iln Brusnik is
let and ssp. pomoensis (Watt.) in Jabuka and also ssp. ksmmereri 
(Watt.) in Barjak, all occur in the wintergreen scrub Lavstero
Capparetum siculae Lov., while other endemic~;~ e.g. ssp. lissae 
(Warn.) in Vis and ssp. galvagnii (Warn.) in Svetac both live in 
xeric grasslands of Stipion eapensis Br.-Bl. (cf. RADOVANOVIC 1951). 

References 
Radovanovic M. 1951: Amphibian und Reptilian Jugoslawiens. Beograd. 
Karsman M.S. 1961: Stlsswasserkrebsen Jugoslawiens. Skopje, 33p. 
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I-lls 
Nesting areas and synecology of Seabirds 

in Adriatic Islets 

A.Z. LOVRIC and J. OBRADOVIC 

Rudjer Boskovic Institute, 41000 Zagreb (Yugoslavia) 

RESUME : Aires de nidification et syn~cologie des oiseaux ma
rins de quelques ilots adriatiques.Dans l'Archipel adriatique,on a 
trouv~ 27 especes d' oiseaux marins - pour la plupart en migration 

- et seulement chez dix especes on a pu confirmer la nidification 
: Larus cachinnans,Sterna hirundo,s. albifrons,Puffinus puffinus, 
calonectris diomedea,Phalacrocorax aristotelis et r~c~ment,on a 
confirrne aussi Gelochelidon nilotica,Hydrobates pelagicus,oceano
droma leucorrhea et Fratercula arstica nidifiant sur quelques ilots 
peu accessibles. 

INTRODUCTION. The coastal avifauna in Adriatic Archipelago 
is rather poor if compared with other Mediterranean islands,and 
especially in relation to the Atlantic islands in NW Europe.In 
this archipelago one indicated 27 seabird species,but the classi
cal studies prior to 1980ies (cf. LOVRIC 1981) there documented 
the nesting only for 6 ones: Larus cachinnans,Sterna hirundo,s. 
albifrons Phalacrocorax aristotelis,Puffinus puffinus and Calo
nectris dlomedea.The recent detailed studies across this archi
pelago added 4 other coastal nesters: Gelochelidon nilotica, 
Oceanodroma leucorrhoa,Hydrobates pelagicus and Fratercula arc
tica.Thus the rest of 17 seabirds noted in this archipelago are 
never registered in nesting but only during their seasonal mi
grations e.g. Sula bassana L.,stercorarius skua,St longicaudus, 
Hydroprogne caspia,Haletor pygmaeus,Phalacrocorax carbo (L,), 
Rissa tridactyla (L.) ,Larus marinus L.,L. ridibundus L.,L.melano
cephalus,L. minutus, Chlidonias niger, Ch. leucopterus, Ch.hybri
dus,Sterna sandvicensis,Mergus serrator and Podideps cristatus. 
The nomenclature of bird species is after MATVEJEV and VASIC(1973) • 

RESULTS.Seabirds include two species nesting chiefly on 
coastal dunes,beaches and sandly islets (eyots) within the psam
mophytic vegetation of Amrnophiletea Br.-Bl. Among the Adriatic 
islands,such habitats with the related nesting birds are well 
developed only in the loess and flysch islets within the Losinj 
Archipelago in N Adriatic. 

1. Sterna albifrons Pall. occurs in the sandy eyots by Losinj 
within the psammophytes of Amrnophiletalia. 

2. Gelochelidon nilotica (Gmel.) is a very rare nester of 
the loess sandy Islets Srakane and Palacol within the Losinj 
group,nesting associated with Sterna albifrons in the psammophy
tic vegetation of Eriantho-Agropyretum maritimae (Hic,)Lov. 

The skerry birds include two species nest!ng mostly in the 
subhorizontal stony shores,and in the minor rocky islets and reefs 
within the xerohalophytic vegetation of the Crithmo- Limonietalia 
Br.-Bl.: 

3. Larus cachinnans (L.C.michahellis) is the most frequent 
seabird within the Adriatic Archipelago,and the nesting colonies 
there occur in numerous rocKy-islets and reefs,sometimes also in 
the rocky capes of major islands.The nesting sites are variable, 
so among the xerohalophytic vegetation of Microrrhinion litoralis 
(Hic.)Lov.,and also in the aerosaline shrublands of T~ymelaeion 
hirsutae Tadr. 

4. Sterna hirundo L. nests in some minor Adriatic islets, 
especially In Galun and Kormat within the Kvarner Archipelago 
and in the minor islets of Kormati Archipelago,often in the mixed 
colonies associated with Larus cachinnans. 

The seacliff birds include other 6 ones nesting in the 
stormy coastal escarpments of craggy islets and in lofty major 
islands,within the cliff vegetation of Euphorbietalia dendroidis 
Zoh. 

5. Phalacrocorax aristotelis desmarestii is the second 
frequent coastal nester of this archipelago,since the gulls.The 
nesting sites lie within the aerosaline cliff vegetation of the 
alliance Aurinio-Capparion Lov. The richest colonies persist in 
the Kornati and Lastovci,and Vis and Senj Archipelago. 

6. Puffinus Suffinus yelkouan there is a rare nester,so 
far registered In t e remote islets of Vis Archipelago in central 
Adriatic,and also in the stormy islets Prvic and Grgur in NE 
Adriatic.Both sites are in seacliffs(Aurinio-Capparion). 

7.Calonectris diomedea is also in Yugoslavia a rare nester, 
so far registered in the seacliffs of Mid Dalmatian islands, 
often associated in the colonies of Phalacrocorax aristotelis 
within the phytocoenosis Aurinio-Brassicetum frutescentis. 

8. Hydrobates pelaqicus is a.very rare nester registered 
so far only In the remote volcanic islets (guyots) of the Vis 
Archipelago in central Adriatic,and especially in the igneous 
seacliffs of Jabuka and Brusnik overexposed to the Sirocco 
storms from open sea.The nests are in the cliff pores within the 
endemic xerohalophytic phytocoenosis of Puccinellio teyberi
Centaureetum crithmifoliae (Lov.)Lov. 

9. Oceanodroma leucorhoa castro is the most rare seabird 
of Adriatic,and there Is registered sporadically as nesting only 
on the craggy islet Prvic (NE Adriatic).They are associated with 
Fratercula,in the lofty seacliffs overexposed to the strongest 
Bora hurricanes,within the endemic aeolian phytocoenosis Aurinio 
mediae-Astragaletum dalmatici Lov. 

10. Fratercula arctica is also very rare in NE Adriatic. 
The ancient indications In Krk and Pag recently are not confirmed, 
and actually is registered in a sporadical nesting only in the 
stormy seacliffs of Prvic islet overexposed to the strongest Bora, 
within the Aurinio-Astragaletum vegetation. 

Thus these richest nesting sites of seabirds in Prvic and 
also ip the remote Mid-Adriatic islets need an urgent protection. 
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I-II6 
Breeding birds on the Island of Naxos (Cyclades, Greece). 

Eight breeding records new to the island. 
Differences with those of Kruper and Watson. 

Stavros N. MAGIORIS 

Section of Ecology and Taxonomy, Department of Biology, Athens University, Athens (Greece) 

This paper contains new data about breeding birds on the island 
of Naxos, Cyclades,Aegean sea,\'le visited Naxos from Febr.1984 - Dec. 
1985 on a monthly basis,for 4-7'days at a time,as well as on March, 
April,June,August,November,1986 and on May 1987,0bservations were 
made mainly on the southeastern part of the island and on the lagoon 

near D~~~n~ai~~ai 9£Ht a~~r~O ~ht~~n~~r~0~:~~d o~!~r;~~s i~;~~d v~;i ~=~ • 
the island of Naxos.However the breeding birds have been studied 
only by Kriiper and Watson in the past.Kriiper visited Naxos during 
1862 and recorded 42 bird sp. as definitely breeding as well as 9sp, 
as doubtful breeding ,Natson visited the island during 1954 and 1959 
and recorded the breeding Passeriformes.l~ith respect to his study 
32 sp. are definitely breeding and 3 sp. (l,ren,Whitethroat,Stonechat) 
are douptful breeding on the island, (TAB.1), 

According to our observations 42 sp, have been recorded as de
finitely breJ'!ding on Naxos,21 of these are Residents occuring all 
the year round and 21 sp. are Summer visitors.Although 4 sp. have 
been seen during the breeding season we keep our doupts and clas-

~~f~ ,;~~~9 ~~5 ~~8 ~~~e~~a~~bb=a~~~~! ~=~=u:;~~~:;~> ~~;n~;;y ff~:tb~~~s 
me breeding on Naxos and nc 36,37 for ·:::he first time in all the Cy
clades·. 

Comparing our data with those of Kriiper and Watson we must note 
that 17 sp. that were definitely breeding accorging to them,have 
not been observed during the breeding season (n: 2, 4, 12,14, 15,17, 

;~;;t~~s i~~~~~ :~~ :~~ :~~;~~:~~ :~!a:~f· ~!;!1~~t 6 b~~~b~~~!re!~e~;~;: 
which the Egyptian Vulture and the White-tailed ~agle have not 
been recorded in all the Cyclages during the 20t century.According 
to our data 10 sp, of (I)AB,1. (n= 4,12,15,17,22,33,34,37,53,54) are 
Migrants,while 8 sp, (n: 2,14,20,25,28,38,48,52) were not obse5ved 
from the study transects,Finally,3 sp. are Winter visitors (n• 43, 
44 ,58) ,but very often some of them delay their departure until mid 
April. 

From the Residents no 8,11,13, 15,18, 20 are very common while 
no 4,6 and 16 are uncommon. Bonelli's eaqle is very rare, JCest
rel1 s population is constant. Concerning Summer visitors, no 25, 
27,28,32 are noumerous in their breeding areas while no 35,36,40 
are very rare. Marmora 1 s warbler was observed in areas with law 
vegetation where Cistus sp. was dominant. 

TABLE 1. Species observed by Kriiper and \>Iatson 

Definitely breed in!: 1 • Manx Shearwater 2. Cory's Shearwater 
),Shag 4.Lesser Kestre 5,Kestrel 6,Eleonora's Falcon 7.Chukar 
8, Herring Gull 9, Rock Dove 1 0. Scops Owl 11. Little Owl 12. Alpine 
Swift 13,Swift 14,Pallid Swift 15,Shorttoed Lark 16.Crested Lark 
17.Grag Martin 18.Sand Martin 19.Swallow 20.Richard 1s Pipit 
21,Tawny Pipit 22.Yellow Wagtail 23,White Wagtail 24.Woodshat 
Shrike 25.Lesser grey Shrike 26.Hooded Crow 27,Raven 28.0live-tree 
Warbler 29 .Olivaceus warbler 30 .orphean Warbler 31 .Garden Harbler 
32.Sardinian warbler 33.Subalpine Warbler 34.Spotted Flycatcher 
35. Black-eared Hheatear 36 ,Blue-rock Thrush 37 ,Nightingale 38 ,Blue 
Tit 39,Great Tit 40.House Sparrow 41.Greenfinch 42.Goldfinch 43. 
Linnet 44.Corn Bunting 45.Cretzshmar's Bunting 46.Cirl Bunting 47. 
Black-headed Bunting 48.Common Bulbul. 

Doubtful breeding:49,Egyptian Vulture 50,Griffon Vulture 51. 
Whitetalied Eagle 52. Golden Eagle 53. Little ringed Plover 54. Com
mon Sanpiper 55,Turtle Dove 56.Wren 57 ,Whitethroat 58,Stonechat, 

TABLE 2. Species observed by writer 

Residents: 1 ,Shag 2 ,Griffon Vulture 3 .Bonelli 1 s Eagle 4 .Buz
zard S,Kestrel 6.Peregrine Falcon 7.Chukar S,Herring Gull 9,Scops 
Owl 1 0. Little Owl 11. Crested Lark 12. White Wagtail 13. Hooded Crow 
14.Raven 15.Sardinian Warbler 16.Blue-rock Thrush 17,Great Tit 18, 
House Sparrow 19,Greenfinch 20,Goldenfinch 21,Cirl Bunting~ 

Summer visitors:22,Eleonora 1s Falcon 23,Rock Dove 24,Turtle 
uove 25.swift 26.sand Martin 27,Swallow 28.House Martin 29,Tree 
Pipit 30.Woodchat Shrike 31,0livaceus warbler 32.0rphean Warbler 
33 .Garden Warbler 34 ,Whitethroat 35 .Riippell' s Warbler 36 ,Marmora's 
~larbler 37. Red-breasted Flycatcher 38. Wheatear 39, Black-eared Whea
tear 40,0rtolan Bunting 41.Cretzschmar's Bunting 42.Black-headed 
Dunting. 

Doubtful breeding: Manx Shearwater (on 4,4. '85) ,Tawny Pipit. 
(on 5.8. 1 84), Wren (on 12,3, 184 and 13-18,4. 1 84),Icterine Warbler 
(on 20.5, 184,one indiv.). 

REFERENCES: CATSADORAKIS G,1983,Some data on the AVifaune of 
Naxos island and the migration over the Aegean.Rpp.Comm,int.Mer 
r.t~dit.28:8. 
KROPER T,1863.Die Brutvogel von Naxos,J.Orn,11:326-339, 
t·li\GIORIS N,St.1987, Migration over the Cyclades,central Aegean. 
Hinging·and Migration 8,0ct,1987:109-114, 
t-IATSONG,E,1964.Ecology and Evolution of Passerine birds on the 
islands of the Aegean sea, Univ ,Microfilms International ,Ann Arbor, 
Michigan, USA. 
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I-II7 
A first review on the insular endemic Spiny Mouse of Crete 

Acomys minous (Rodentia : Murinae) 

A. TRIHAS 

Department of Biology, University of Crete, lraklion, Crete (Greece) 

ABSTRACT 

The subject of this review is a little known rodent of the Cretan fauna, Acor,lys ml-
~:?:!::' Bate 1905,or as D1eterlen re.aarKs (1963) " ... me only european mer,,ber-of_an __ _ 
arid and waria zones prefering genus ... " . 

'fhe literature_ that deals exclusively "'itn the Cretan Spiny Mouse_is very poor cor.-,
parea >;/ltn tne blblH:graphy tnat concerns its African relatives.It 1s not surpr1s1ng 
tnat tne f1rst study on tile biology and ecology of the animal has been carried out 
just in 1963 by Dieterlen,while irm1lediately after that,Matthey worked on the karyoty
pe of a few specimens obtained by the forwer. 

Tne exact taxonomic position of the Cretan Spiny Mouse is not clear enough,a fact 
C0i<lii10n with "'os·t of its congeneric forws. Since l905,the year that Dorothea Bate 
described the aniwal from a small number of speciro1ens (3) ,only a few publications 
aeal witn this murid until tooay and almost none of them refer to the animal with the 
sarne name! Bate in her first publication(l905) namea the Cretan Spiny Mouse as 
A.di,,idiatus minous,giving also a brief description as well as basic mesurer.1ents of 
tfie-animar:--:zn-1913, she mentioned it again in her "Maramals of Crete" but under the 
na.itte A.minous,not mareing clear the reasons for this transition of the taxono!Hic 
level-::-------

Aharoni (1932) treats A.dimidiatus as a subspecies of A.cahirinus and the sar11e did 
Ellermann & Morrison-Scott-TI95IT-In their "CneKlist of PaiaearcHc and Indian Marnraals" 
setting the cretan form under the species level of cahirinus.Ellermann, in a previous 
publlcation ( 1949, reprinted in 1966) separated cahirinus-illid diwidiatus into different 
species treating the Cretan Spiny Mouse as A .dimiCliatus-minou:S--agal:i'iT-

Subsequently, Zimmermann (1953 J brings back-tfie-Afiaroni-:Stater.,ent, referring to the 
anir,lal as !'>:.:'::.:~~'::':'~.He also gave a more detailed description and c0f<1plete r<~orpno
metric aata,rel1ed on twenty-five specimens. Hov1ever,Zahav1 & llahrman (1956) separated 
the "rainous" fonn again as a s{)ecies 11}:)er se11 on a chror,lOSOft1ic basis, while Diete
rlen a few years later (1963) ,seer.Js to be in doubt when referring to the syster.-,atic 
status of the rodent. (Although he shows the tendency to set apart the Cretan Acomys). 

The situation appeared to be more clear after the exhaustive study ,both on u;;:;--
number and the raorphology of the chroraosomes,r,1ade by Matthey in 1963.He clairned tha'c 
the Cretan Spiny Mouse belongs to a different species than those of Palaestina and 
Cyprus, while he gave a dendrcgram of the possible evolutionary relationship between 
the three murids. 

From that period on, the ani,,-,al has been treated as an endemic species of the 
island (Ondrias 1966,1967,Graf 1986),vlhile any further research concerning whichever 
aspect of its biology,seer,ls to be interrupted.It is therefore evicient,that additional 
studies on this point need to be done in the near future. 

The exact routes that explain. the present distribution of Spiny Mice in Crete, Asia 
M1nor ana Cyprus remain st1ll unmown, but SOine considerations on tnis point may be 
expressea. The latest theor1es concerning the Oligocene and Miocene geolcgy of tne 
Aegean archipelago,impose the existence of a landmass extending over the present 
Aegean area,incluning Crete(Sondaar,De Vos & DerrnitzaKis 1986 and Dermitzai<is 1987). 
'Ihe fossil rnar,u,lals of that age being found on the island of Crete,belong to a "bala
nced, continental" fauna, suggesting a norr.1al connection between Crete and the mainland 
of Greece ( Derr.1i tzaJ<is & . Sondaar 19 78) . A coraplete lack of fossil mar,lmals in the 
Pliocene strata of the island, inaicates a possible disappearence of a big part of 
the existing fauna during that tir.1e (Dermitzakis & DeVos 1987). 'Ihe mammal fauna 
that appeared again on the island,is not over 2 million years old (Lower Pleistoce
ne) and "unbalanced" in structure (Dermitza:<is and De Vos 1987). 

The only possible routes of a Pleistocene European murid invasion to the island 
of Crete are those from Peloponessus via Kythera and Antikythera and from Rhcdos via 
Karpathos and Kasos (Derm. & De Vos 1987). The ancestor of the Cretan Spiny Mouse 
seer.1s to have followed one or both of the above routes of immigration,since Miocene 
Acomys occupied an area extending over the Greek and Asia Minor mainland (Dieterlen 
I963T:-

Not so wuch is imown untill now about the reprcduction,feeding habits and behavior 
of the Cretan Spiny Mouse.The only data available,are the r,lOrphor,;etric studies of 
Bate (1905) and Zir,liTiermann (1953) and the observations on an experimental population 
that Dieterlen created (1963) from 7 anir.1als captured on the island.The environment 
that seems to be optimal for the Cretan Spiny Mouse consists (according to Dieterlen 
1963) of rocky phryganic areas of southern exposure with many rifts for sheltering. 
All the sites, where the animal has been recorded up to now (Bate .1905, Zimmermann 1953 
Dieterlen l963,Graf 1986) ,belong to the above describea biotopes and were placed in 
the vicinity of the coastal region of Crete. No inforr.1ation on the altitude that the 
animal can reach has been provided until now. Here, it must be under lined that there 
is clear evidence o:E an extencive disturbance or even destruction of a big part of 
the possible biotopes of this species,mainly because of the uncontrolled urbanisation 
and the increased touristic activities over the last fifteen years. 

Also we have no idea about the ecolcgical relationship,as well as the cOiapetiti
venes of the Spiny Mouse against its relative murids (house mice and rats). Bate 
(1905) and Dieterlen (1963) noted the ability of the animal to enter the hur.1an 
habitations in periods of harsh natural environmental conditions,but there is no 
evicience about its ability to compete against other mice,already settled there. 

A second point of interest is the study of the highest altitude that the species 
can survive on Crete. The purpose of such an investigation is to provide information 
on the ecological plasticity of the mar;rraal and therefore to give sOine ideas on how 
long (on the point of time) it inhabits the island. Since no total submergion of 
Crete has taken place in the Late Cenozoic era (Dermitzakis 1987) ,it is more reason
able to suggest an older existence of the genus on Crete, than to accept the irar,li
gration \vay as the only possible for its present existence on the island. If the 
animal can survive in altitudes higher than 1000-1500 m, the possibility of a withdra
wal of the species on higher biotopes, during the Pliocenic tectonic events,has to 
be also in mind. 

In conclusion, we should under line the necessity of a further research both on 
syster,latic and ecolcgical directions in order to keep a viable population level of 
this rare (?) and endemic species on the island of Crete. 
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I-lls 
First data on the Avifauna of Rhodopos Peninsular (W. Crete) 

E. ANDROUKAKI and S. ADAMANTOPOULOU 

Laboratory of Ecology and taxonomy, University of Athens, 15771 Athens (Greece) 

This work gives data on the bird species that were observed du

ring automn 1987 and spring 1988, throughout the peninsular of Rhode

pes and the exact dates of observations.It is· connected with a con

servation program titled: "Registration of the wetlands and the other 

important bird areas of Crete" (University of Patras). 

The Rhodopos peninsular is situated on the"-'l.orthwestern part of 

Crete.There are only some villages at the· base of the peninsular and 

the rest of the area is deserted. The peninsular is crossed by some 

rural roads,one of them leads to the onyx mine.The grazing is inten-

but no other activity seems to disturb the area. 

The highest hills are Onyx (74_8m) and Mauri (747m). 

There are five basic types of biotops that we encountered: 

A) Areas around human habitation with gardens, fields ,hedges etc. 

B) Rocky and earthy coasts and ravines .C) Semi-abandoned fields, 

meadows.D) Territories dominated by maquis and phrygana;E) Small fo

rests by- Querqus sp. 

Among the above mentioned species,some are winter visitors,others 

are residents and most of them are passage migrants and summer visi

tors. 

This is the first time that a study of the avifauna of Rhodopos 

peninsular is to be attempted,It seems to have a great importance 

for the migration of birds,as it serves as a restiring and feeding 

station for them, The number of migratory birds which we·re observed 

during our visits proves that it is situated on a migration road 

passing from Crete and continuing either to ICythera-Peloponnisos 

or to Cyclades. 

The variety of biotops is adequate for the migration and proba

bly breeding of passering birds. 

The ~bsence of human activities (out of grazing) establis.hes the 

peninsular ideal for the feeding and migration of raptors, We observed 

7 species of raptors, 5 of which are endanqered and protected by the 

directive 74/409/CEE. 

The list of the species and the dates of observations 

1.Egretta garzetta (B) 2/10,20/4 

2.Buteo buteo(F)22/4 

3.Buteo rufinus(F)22/4 

4 .Aquila chrysaetos (F) 22/4 

5,Gyps fulvus(F)22/4 

6 .Hieraaetus pennatus (F) 22/4 

7. Pandion haliaetus (F) 22/4 

8. Falco tinnunculus (F) 22/4 

9. Alectoris chukar (D) 22/4 

1 0. Coturnix coturnix (D) 22/4 

11 .Larus argentatus (F) 3/10,20,22/4 

12. Streptopelia turtur (E) 22/4 

13.Apus apus(A)20,22/4 

14. Upupa epops (D) 22/4 

15.0riolus oriolus (D) 22/4 

16 .An thus pratensis (C) 22/4 

17.Delichon urbica(A)20,22/4 

18. Hirundo rustica (A) 20, 2'2/4 

19. Corvus corone cornix (F) 20,22/4 

20.Corvus corax(F) 3/10,22/4 

21. Troglodytes troglodytes (B) 22/4 

22 .Galer ida cristata (C) 20,22/4 

23.Lullula arborea(C)22/4 

2S.Musoicapa striata(C)22/4 

26,Fioe~ula albioollis (D)20, 22/4 

27 .Fioedula hypoleuoa (D) 20,22/4 

28.Cettia oetti (D)20/4 

29,Sylvia melanooephala(D) 20,22/4 

30,Sylvia hortenliiis(D)22/4 

31.P.hylloso. oollybita(E)20,22/4 

32,Saxioola torquata(D)22/4 

33,Saxioola rubetra(C)22/4 

34 ,Phoenicurus phoenicurus (G) 22/4 

3_5.Phoenicurus ochruros (D) 22/4 

36,0enanthe oenanthe (C,Dl 20,22/4 

37 .Oenanthe hispanica (C).20, 22/4 

38 .Erithaous rubeoula (A) 20/4 

39. Luscinia megarhynchos (D) 22/4 

40,Turdus merula(D)20,22/4 

41,Turdus philomelos(E)20/4 

42 .Monti cola soli tar ius (B)20 ~ 22/4 

43.Parus major(A,E)3/10,20,22/4 

44 .Fringilla ooelebs (A,D,E,) 20,22/4 

45~Carduelis,chlotie (A)22/4 

46.Card. carduelis (A, D,E) 20,22/4 

47.Aoanthis cannabina(D)20,22/4 

24.Passer domesticus italiae(A)3/10,20,22/4 

A,B,C,D,E : Types of habitats encountered,see preceding page. 

F : The birds were observed only in Flight. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 
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1-Illl 
Morphological differentiation In Albinarla populations 

(Gastropoda, Pulmonata) from the Aegean Region 

M. MYLONAS•, C. KRIMBAS", J. SOURDis•• and A. AYOUTANT1•• 

• Section of Ecology and Systematics, Biological Department, University of Athens, 
Panepistimiopolis, 15771 Athens (Greece) 

··Department of Genetics, Agricultural College of Athens, iera Odos 75, 11855 Athens (Greece) 

Data have been assembled on 36 different quantitative characters 

(mainly diff~rent lengths and angles of the shell) for 18 populations 

belonging to 8 species of the genus !:!1!2:l:!!e!!:e· In every population 20 

individuals were measured. The populations were collected from several 

localities in the Cyclades, in Ikaria, Psara and Crete islands and Mt. 

Hymettus. The dendrogram, based on these measurements, did not coincide 

with the one provided from the electrophoretic study of 27 genetic ma

rkers. (Mylonas et al 1987, Ayoutanti et al 1987, Ayoutanti et al, in 

this issue). The genetic markers permitted the construction of a tree 

reminding grossly the actual geography and probably having a good cor

respondance with some paleogeographic aspects, thus indicating that the 

information they conveyed is related to historical processes rather 

than to ecological similarities. The morphological characters seem to 

depict these last ones, since they provide a "patchy" tree, without 

correspondance to the actual geography neither to the presently acce

pted taxonomic delineations of the ~1l:!!!H!:I!e species. A further analy

sis of the morphological characters was pursued. 

Morphological characters could be strongly correlated. From the 

inspection of all possible correlations, we were able to join them in 

6 groups. Members within each group are correlated but there is no cor

relation between members belonging to different groups. There are two 

major groups. The first consists of most of the length measurements and 

the second of most of the angle measurements. Thus all 36 measurements 

should not be taken as independent (all of them providing the same amo

unt of information) when considered in their totality. 

Inspite of the apparent discordant results between electrophore

tic and morphological data we decided to investigate the possible con

cordance of every morphological character apart with the pattern exhi

bited by the electrophoretic data. Correlation coefficients were com

puted first between the distances provided by the electrophoretic data 

(genetic distances) and those with every morphological character, then 

between the value of the first principal component of the electropho

retic data (this component exemplifies even more closely the "histori

cal" pattern) with the mean value of every morphological character at 

a time. Three characters only showed moderate correlations (0. 25 to 

0.52) in both series, with electrophoretic data: the angle of the apex 

of the shell and two (correlated between themselves) measurements of 

the prolongation of the shell mouth. This should not necessarily be 

interpreted as originated by a historical process: the correlation is 

not very strong and the electrophoretic pattern indicates a loose ·east 

to west pattern which could be related to an ecological gradient. 

On the contrary correlations between geographic latitude and 

mean values for every morphological character were stronger for two of 

them: the angle formed by the suture of the last whorl and the axis 

(0.49) and the number of stries per mm (-0.61). For this last charac

ter smooth shells (without stries) are commonest in the north, while 

striated ones in the south. The same gradient is encountered in alti

tude. It is quite probable that these gradients are the result of na

tural selection. For the exact mechanism of its action several hypo

theses could be formulated. 

Ayoutanti, A., C. Krimbas, S. Tsakas, M. Mylonas, 1987. Genetic diffe

rentiation and speciation in the Greek archipelago: the genus 

~.!l:!!!!ei!e· Biol. Galla-Hell. 13:155-160 

Ayoutanti, A., C. Krimbas, M. Mylonas, J. Sourdis, s. Tsakas, 1988. 

Genetic differentiation in ~1!:!!!!ei!e populations from the Ae

gean region. ( this issue ) 

Mylonas, M., C. Krimbas, S. Tsakas, A. Ayoutanti, 1987. The genus 

~.!!:!i!J~I!~ Vest (Gastropoda,Clausiliidae). Is there any true 

species? Biol. Galla-Hell. 13:161-164 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 



I-III2 
The differentiation and distribution of the genus Mastus 

(Gastropoda, Enidae) in the Aegean Archipelago 

K. VARDINOYANNIS and M. MYLONAS 

Section of Ecology and Systematics, Biological Department, University of Athens, 
Panepistimioupolis llisia, 15771 Athens (Greece) 

The genus ~stus Beck, 183 7 with an almost continuous distribution 

from Italy to Turkey, is strongly differentiated in the Aegean. 

According to the existing data eight of the nine species of this ge

nus apnear in the Aegean <!:!·~~rphicus, ~-~· ~.pusio, ~.turqidu~, 

!:l.£!ivaceus, !:!-~renberqi, ~.rossmaessleri. ,~.~~olus). Five of 

them are endemic of the Greek Islands. Heller J. in 1976 tried to gi

ve an extensive taxonomic study and biogeographical conclusions based 

on the whole Enidae fauna of the Aegean. But the incomplete descri

ption of most species (no measurements, no description of genitalia) 

and the large gaps of their distribution led to a rE;asonable cri ti

cism for the taxonomy as well as the biogeographical conclusions (My

lonas 1982). 
The systematic collection of samples in more than 40 islands in 

addition with ecological observations enabled us to study the chara

cteristics of the shell and of the reproductive system of many popu

lations of the genus Mastus. 

The following represent our main observations and conclusions: 

1. The biological cycles of all the mentioned species and their 

ecological requirements and positions resemble in a high degree. 

2. There are only two cases where we met syrnpatric populations 

of different species. In Syros, the species ~-~ and !'!·pusio and 

in Ierapetra (Crete) the species ~-~ and ~.olivaceus. 

3. Any one of the species, no matter how peculiar it is, appears 

variable in shell form and tends to reach the form of !'!·~· 

4. The reproductive system has a main basic form with some pecu

liarities but no sharp discontinuities. Only in the populations of 

Makronissos isl. and Viannos (Crete) the di vertikel of the bursa copu

latrix is missing. But this is not of taxonomic significance (Forcart, 

1940). 

5. The ecological, morphological and anatomical observations do 

support the opinion that the species mentioned in the Aegean are only 

different forms, subspecies of a single species, ~-~· 

6. The syrnpatricity of ~-~.'.!.with ~-~9. in Cyclades and !:!·£!i

~ in Crete, may indicate that these forms are found very close 

to the1.r complete differentiation into clear species. 

100 km -----
The distribution of Mastus in the Aegean 

M_pusio · •. M.dirphicus C, M.turgidus e, M.olivaceus 0 

M_ehrenbergi v, M.rossmaessleri •, M.carneolus • 

M.pupal':1i:l 
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I-III3 
Genetic differentiation in Alblnarla populations 

from the Aegean Region 

A. AYOUTANTI*, C. KRIMBAS*, M. MYLONAS**, J. SOURDIS* and S. TSAKAS* 

• Department of Genetics, Agricultural College of Athens, lera Odos 75. 11855 Athens (Greece) 
•• Department of Ecology and Systematics, Biology, University of Athens, 

Panepistimioupolis-Kouponia, Athens (Greece) 

New data. presentea here. nave been assembled concerning the 
genetic di"fferentiation and speciation occuring in populations 
belonging to the genus Albinaria. This land mollusc inhabi~s many 
islands of the Greek archipelagO including the Cyclades, Dodecanese 
and Crete as well as the continental masses East and West of the 
Aegean. Local populations and especially those from differe~t islands 
may displ?y different morphological features that enabled taxonomists 
to distinguish several taxonomic units (subspecies, species). However, 
their taxonomic status has been recently questioned and is subject to 
revision <Mylonas et. al., 1987). 

genetic study was undertaken using 27 different electro
phoretic mark.ers comprising more than one hundred segregating 
allozymes. Samples of 25 populations were examined (14 from the 
Cyclades, 1 from icaria, 6 from Crete, 2 from Gavdos, 1 from Attica 
and 1 from Psara). The genetic distances between populations were 
computed using the D'-' estimator <Krimbas and Sourdis, 1987) and an 
unrooted tree was constructed by the Neighbor Joining Method, which 
seems the most efficient for recovering reliable trees. 

The examination of the tree reveals a rather good general 
correspondance between genetic similarity and geographical position. 
As a matter of fact there is a significant positive correlation 
coefficient (0.39) between geographic distance and genetic distance 
for every couple of populations, but the correlation is not vary high. 
The topology of the tree provides an explanation for this situation. 
All east Cycladian populations together with the one from Icaria are 
clustered in a rather compact group. This might indicate that the 
taxonomic units Albinaria coerulea, fL.. brevicollis (and perhaps fL.. 
puella) belong to the same biological species. Cretan populations are 
found together and subsequently, in the central part of the tree but 
not necessarily in their geographic order within this island. The left 
part of the tree includes all "western" populations, those from Attica 
and the West Cyclades, together with the northern population from 
Psara. In this respect the tree agrees with the taxonomists who 
recognize different species in these areas <a. ~"la. fL.. discolor, fL.. 
turrita and fL.. sp. aff. chia). Thus East and West Cyclades set 
apart, Cretan populations intercalat: ing between them. 
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pboletandroe-2 

•ipflftos __ _, ____ :::,.__~-r--r-r--~._j.J__LL.:.Ai::::_- phol•vanchos-1 

This pattern is also exh101 ted by the distribution of the values 
of the first principal component of the gene frequencies: West 
populations have negative values followed by those of Crete with the 
same sign but near zero while the East Cycladic populations display 
positive values. 

How could we interpret: t:his pattern? Obviously the relation of 
Crete to the cyclades is not a direct one but t:wofold, to an eastern 
and to a western branch. as if a barrier. an internal sea. between 
Crete and Cyclades, prohibited at the times of t:he genus expansion a 
direct contact. Is this pattern compatible with the hypothesis of a 
land arc connecting Peloponnesus-Crete-Dodecanese islands as 
postulated by biogeographers or is the present Albinaria distribution 
much more recent as taxonomists are driven to believe?. The 
distribution of fossil dwart hippopotami and elephants as well as 1:hat 
of the extant scorpion species Jurus dufoureius < Brulle l were 1:a1<en to 
plead in favor of an old land brdige (~achon 1953). Of course _mo~e 
data are needed especially on Peloponnes1an populat:1on of Alb1nar1a 1n 
order to elucidate this situation. 

Krimbas, 

Mylonas, 

Vacher, 

C.B. and J. Sourdis, 1987: Recent improvements in handling 
allelic isozyme data for tree construction. Isozymes: Current 
Topics in. Biol. fted. Res. 15:49-62 
M., c. Krimbas, S. Tsakas and A. Ayoutanti, 1987: The genus 
Albinaria Vest. (Clausiidae, Gas1:ropoda). Is there any true 
species? Biol. Galle-Hell. 13: 16·1-164 

M., 1953• Sur Ia reparti1:ion du grand scorpion noir des iles 
de 1 a mer Egee: Jurus dufoure ins ( Bru ll a) . Revue Gen · ~ 
60:96-100 
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I-III4 
Biogeographical analysis of the Herpetofauna 

of the Greek Islands 

M. MYLONAS and E. VALAKOS 

Section of Ecology and Systematics, Biological Department, University of Athens, 
Panepistimioupolis llisia, 15771 Athens (Greece) 

Although the herpetofauna of the Greek islands, compared with 

other animal groups,is one of the best known especially after the 

works of Werner, Wettstein, Clark, there is no attempt for a con

temporary biogeographical analysis, except of a short announcement 

of Beutler in 1979. 

The species - area relationship, the species distributio·n and the 

recent paleogeographical data,gave us the opportunity to discuss the 

distribution pattern of the reptiles in the Greek area. 

The number of species precent and the area for: 

The Ionian eslands 

b. The Aegean islands which are found close to the Greek mainland, 

c. The Aegean islands which are found close to the Asia Minor, 

d. Both the Aegean and the Ionian islands, 

e. The Cyclades and 

f. The islands of the southern Aegean arc, are strongly correlated. 

Based on the equations of the species -area relationship(fig.1)we 

observed that: 

1. Slopes,with a range from 0.18 to 0.25, are lower for the coastal 

islands and higher for the central Aegean islands. But in general 

the relatively low z-values indicate that the factor "insularity" is 

not strong enough for the reptiles ~n this area. 

2. The factor C of the species-area equation, with a range from 0.17 

to 0.76, separate the six curves in three distinct groups.An upper 

one for the Ionian islands, a lower one for the islands of the 

southern arc and an in-between group for all the other curves.This 

is an indication that the islands of the southern Aegean arc are re

latively "empty" of reptiles while the Ionian islands re .latively 

"rich"~ 

a: y = 0.76 + 
b: y 0.54 + 
c: y 0.46 + 
d: y 0.42 + 
e: y 0.39 + 
f: y = 0.17 + 

Fig. I 

0.18X n= 5 
0.19X n= 8 
0.22X n=14 
0.23X n=54 
0.25X n=21 
0.24X n= 5 

2.0 

r=0.48 
r=0.76 
r=0.59 
r=0.67 
r=0.71 
r=O. 86 

2.5 
Log Area 

0.10< P<0.15 
P<0.05 
P<0.05 
P<0.05 
P<O.OS 
P<0.05 

The recent distribution of the reptiles ana their ecological re

quirements show that "emptiness" and "richness" are related mostly 

to historical events and not to recent ecological conditions. 

Most of the existing data seem to be in agreement w~tn the fol

lowing hypothesis. Reptiles invated the Greek area mainly from thr· 

north. This invation influenced the Ionian islands, the PelopontH·" 

and the central Aegean islands. A second invation from the east in

fluenced only the islands that are found close to the Asia Minor. 

Non of the invations reached the islands of the southern Aegean arc, 

as these islands were isolated and never since the time of invation 

connected with the mainland. From paleogeographic maps presented by 

Dermitzakis we know that the southern islands were connected with 

the mainland (Peloponnes or Asia Minor) until the Messenian, so, the 

history of most of the species that form the recent Greek herpeto

fauna could not be older than this period. 

Beutler,A.1979. General principles in the distribution of Reptiles 

and Amphibians in the Aegean: Biol.Gallo-Hell. VIII: 337-341. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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1-IIIs 
Apport de Ia paleogeographie, de Ia biogeographie 
et de Ia cytotaxonomie a l'etude de l'endemisme. 

Exemple : Ia Corse 

Juliette CONTANDRIOPOULOS 

Universite de Provence, Laboratoire de Cytotaxonomie Vegetate, 
Place Victor-Hugo, 13331 Marseille Cedex 3 (France) 

Des recherches conjointes a partir de differentes disciplines:paleo·· 

geographie, biogeographie et cytotaxonomie ont permis d'etabl i r des correlations 

entre Les hypotheses paleogeogr·aphiques concernant l 'histoi re de La Mediterra

nee et le peup lement de la Corse. 

l.' inventai re des endemiques corses comprend 281 taxons (sensu La to), 

soit 11,16 7. de La flore totale insulaire (2517 taxons d'apres GAMISANS,1985). 

Leur repartition g.'>ographique revele L 'existence d'endemiques corses, 

cyr·no-sardes, balearico-cyrrro-sardes, pyreneo-corses, alpino-corses ou encore 

localisees en Cor~e ( Sardaigne ), Calabre et (ou) Sicile. D'autres enfinpos

sedant une aire Jisjoini:e et,.restreinte a 1.~ Medite· ranee occidentale, ont ete 

pris en consideration car ~eur distribution semblait etroitement l iee a l 'his

toi re paleogeographique de ce domaine. 

L 'appartenance de ces taxons aux di fferents elements bi ogeographi ques 

mediterraneens (steno-mediterraneen, eury-mediterraneen et mediterraneo-monta

gnard) et extra-mediterraneens (boreal, ororhi Le centre et sud europeen et eu

rasiatique) a ete etablie et quantifiee. 

Dans La me sure des connai ssances caryologi ques, ces taxons ont ete 

distribues dans les 4 classes cytotaxonomiques, a savoir: Les paleoendemiques, 

les patroendemiques, Les schizoendemiques et les apoendemiques, afin de deter

miner l'iige relatif des endemiques et des taxons-sorrespondants. 

Enfin les hypotheses paleogeographiques reconnues aujourd'hui ont ete 

brievement esquissees et servent de support aux propositions exprimees. 

Les pa leoendemiques sont to us de di st r.i but ion ba Leari co-cyrno-sarde 

et se rattachent uniquement a l 'eLement mediterraneen. Ils constituent une flo

re paleogene developpee in situ. Aucun endemique balearico-cyrno-sarde n'a ete 

recense dans les elements extra-mediterraneens. Les Baleares etaient done se

parees du bloc corso-sarde lorsque les elements europeen ( boreal et orophi le 

centre et sud europeen ) et eurasiatique ont penetre en Corse et en Sardaigne. 

L 'endemisme commun a La Corse (Sardaigne); La Calabre et (ou) La Si

ci Le ainsi que celui caracterise par des especes a ai re morcelee et restreinte 

h l~ f·~~·.,;·;·~ct'l't.~t!l·c C.H!f:'idctri.:(d f: i--fd.Cv\:.'01: ch ... (:t.;i.tf. t:ht:~·r,e fiiOiltc;gneuse c::d I a lc 

i"in d~: ~r0li;,0cc'::,i.. 1 s~hic~;·i£~~-;·; cJ~- li d,t-iil.{ bf.t·:qu:) a l;. K(.~bylic jusv,uea l~C~·-

labr·f: ci. jOll)ti;id \. I• ud r;r·(•COI1'i"i nc-:r< ro;·su ;;;o,r rl<! p€crhrettant des echanges fLoris·· 

t iqur.~ r.'i.: l t in~t;;._l l&t ·i CH1 d runE. ·f loi'C comilrUIU:t. Bien qu ~ aucun paleoendemique n 'c; it 

ete d€cflle,. cet cnrltr~~·isr,l£· appa:r·cdt er,~.;ur·c corum~ tr·Cs ancien .. 

lin~ nuuvel.LE' etape s'etablit avec La preor·ogerrese et l'orogenese al

pines" Sont »<WVP.IIUS en Corse, et nettem.,nt moins nmnbreux en Sardaigne les oro·· 

phytes centre"·· et sud· europeens caracteTi ses p;u· un schi zoendemi sme important a 
l'inter-ieur dc grands complexes dont les taxons vicariants sont distribues sur 

Les montagnes mediterraneennes. Ces ta~ons ont servi de fi Ltre pour les eLements 

circumhor·eal ct eur<~siatique ar-rives ulterieL•rement et dont le degr·e de diffe

renciation est moindr·e ( subsp, ou v<lr.). Enfin des genres d'origine eurasiati·· 

que ou boreale tres comm:•ns dans le~ Alpes manquent en Corse. L'ile devait done 

etre separ·ee du continent quanci L<l plurart d'entr'eux sont parvenus er. ~!cditer

ranee. 

Il e~t inter"'ssant de souligner que l 'endemisme pyrer~o~o-·cors·e est d'ort

gi ne medi terraneenne < elemc,,t medi tert·<meo-montagnard ) a Lors que L • endemi sme 

alpino·~corse appartient en gr·ande major·iH a l 'eLentP.I1t orophi le centre- et sud

europeen avec un e'1dem·ique rattache a l'tl&ment eurasiatique. 

A part:r du Miocene inferieurp L.- Corse ~-' definitivement isolee. 

L 'evolution se poursuivr< :,ur place comme en temoignent les nombreux apo-ende

miques qui sont sympatriques avec les especes dont i Ls derivent. 

Dans toute etude sur l 'endemisme, apparait La necessite de ne jamais 

separer la paleogeographie des aut res disciplines biologiques. Defini par ses 

caracteres morphologiques et caryologiques, L 'endemique forme aussi une unite 

historique dont l'interpretation est associee aux multiples renseignements sus

ceptibles d'apporter une information ( distribution geographique, origine Liee 

aux eLements biogeographiques, parentes et anciennete, paleogeo~ra~Me etc.). 

Il est Le temoin d'evenements passes lies a La paleogeographie du territoi re 

etudie ou au contraire le reflet d'une speciation recente et souvent intense. 

Dans ce contexte, La Corse, par sa richesse floristique et L'impor

tance de son endemisme, par sa Localisation en Mediterranee occidentale,objet 

d'actifs bouleversements et remaniements paleogeographiques, constitue un do

maine remarquable a etudi er dont les di fferentes investigations utili sees sou· 

lignent L'originalite et La specificite. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 



I-III6 
Endemisme insulalre et diversite taxonomlque 

J. T. MATSAKIS 

Departement de Biologie (Ecologie-Taxonomie), Universite d'Athenes, 15771 Athenes (Grece) 

{Biogeographie des Orthopteres de la G~ece insula ire - D' apres 
les donnees de F. WILLLENSE, 198" l 

I. Analysant la repartition des especes endemiques insulaires 
de 1' Egee ( 28% du total d' especes presentes dans les iles) 
d'une part entre les differentes iles et d'autre part entr~ 
les familles, sous-familles et genres representes, on est amene 
a relever: 

A.l. L'absence de limites absolues entre les secteurs insulai
res en ce qui cone erne 1 'extension de 1' aire de repartition 
des,esp€-ces endemiques (voir Tableau I et Carte). 2.L'inegalite, 
en regie generale, de 1' aire de repartition des endemiques 
d'un secteur donne, une repartition identique entre 2 especes 
n'etant realisee dans aucun cas pratiquement. 3.L'agencement 
geographique "en mosaique 11 dans la majoritl!: de cas {voir Car.te). 
B.l.L'apparution d'endemiques au sein de la majorite de famil
Ies et de '10~ sous-familles presentes en Grece insulaire . 
2.Par centre - ainsi qu'il a ·~te souligne par F.Willem.se .et 
jautres auteurs.- une tendance prononcee a la diff€-renclatl.on 
d • especes"'1 endemiques au sein d un certain nornbre1 de genres, 
{voir Tableau II}. 

II. Sur la base des elements ci-dessus et en se rapportant 
a une proposition formulee precedemment, a savoir la tendance 
a la diVerSite taXO.flOffiiQU€ a tOUS leS echelOnS et 1 I asymetrie 
generale de la composition taxonomique et de la repartition 
geographique (double condition rendant compte d'une "regulation 
faunistique" generare~ J.f.1ATSAKlS, 1984, 19"88), l'auteur est 
amene a mettre l'accent sur !'importance de l'apport de l'etude 
de 1' endemisme dans la comprehension de la struct~re des peuple
ments et des faunes, dans le. sens suivant: - Les especes endemi
ques, tout en etant par definition~ les espe~es dont l'origine 
et !'evolution sont geographiquement les mieux circonscrites, 
n' echappent pas mains, ·aes le depart pour ainsi dire~ au princi
pe de la regulation faunistique generale t autrement dit a la 
regle de l'asymetrie de repartition et de differenciation taxono
mique, conditions sine qua non pour une di versi te aussi elevee 
que possible a toute echelle spatiale. 

FIGURE 1. Repartition de 7 especes endemiques illustrant l'agence
ment "en mosaique". 

Dans les tableaux et la figure ci-dessous sent condenses 
et brievement commentes les principau.x faits degages de l'analy
se de l'endemisme insulaire egeen chez les orthopteres: 

TABLEAU I. Repartition des especes endemiques dans les divers 
secteurs insulaires de l' Egee et nombre d'especes partagees 

par 2 secteurs ou plus. 

SP.S.(13) CR.(13) CY.(7) SP.N.(3) N.E.(5) (Cont) 

SP. S. E (•) 

CR. .!_Q 

CY 5. 

SP. N. Q (1) 

COMMENT AIRES. 1. Les endemi ques d •·auc un sec teur ne sent excl usi
vement cantonnees a l'interieur de ses"limites". 2.Au niveau 
d'esp€:ces individuelles il y a 11 passage 11 des SP.N. aux Cyclades 
et de celles-ci a Crete et les SP.S. 

TABLEAU II. Repartition des endemiques par niveau taxonomique 
( et taux respectif) 

Grece Egee(tot)* Endemisrne* 

( 88.9:4) ( 62. 5~) 

sF 31 28 ( 90.3) 10 (35,Hl 

101 64 ( 63.4) 16 ( 25%) 

SP 313 139 ( "". 4%) 38 ( 27.3%) 

COMMENTAIRES. On releve une representation taxonornique de 
plus en plus faible lorsqu'on passe de 1! echelon de la famille 
a celui de la sous-famille et l'espece. avec une baisse particu
lierement accentuee au niveau du genre. 

SP.S.:Sporodes du Sud- CR.: Crete- CY.: Cyclades- SP.N.: Spo-
rades duN.- K.E.:iles duNE Egee. F, sF, G, SP: familles, sous-
familles, genres et especes. - *: compte non tenu des troglobies, 
insuffisamment explorees. 

J.~IATSAKIS, 1984:Biol.Gallo-Heuen. ,11 2. 1981:1:Biol.Gallo-
Hellen.,15, 2. - F.h'lLLEf!SE, 1984 Fauna Graeciae 
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I-IV1 
Destruction de quelques biotopes cotiers menaces en Grece 

Nikolaos KYRTATOS 

lnstitut tor Meereskunde an der Universitat, Abt. Fischereibiologie, 
DOsternbrooker Weg 20, 2300 Kiel 1 (Western Germany) 

IliTRODUCTIO:-T-Les biotopes en question se trouvent en Grece r:leridiona
le ou centrale au domaine du Oleo-Ceratonion en climat ewnediterrane
en subaride a subhumide. En conditions speciales - differentes de 
celles qui regnent a 1' espace occupe par· la vegetation zonale ( "cli
macique") - y sont ete developpees des corrunu..YJ.autes plus ou moins azo
nales ( 4). 
PLAGES SABLEUSES-Le type le plus cor.mmn des plages sableuses le long 
des cotes de l'!le Tinos (Cyclades, Mer Egee centrale), battues par 
des vents forts, de constitution du sable siliceuse, etai t caracteri
se autrefois, il y a quelques annees, par une ceinture sableuse bor
dee vers l'interieur par un Agropyretum mediterranei (flore tolerante 
ala salinite) et ensuite des dunes hautes mobiles avec Armnophiletum 
arundinaceae; enfin un Juncetum maritimi-acuti en milieu sa~~atre en
tre les dunes et ·en arriere de celles-ci. Les hornmes ont deracine a 
la cote la vegetation autochtone et surtout les plantes des dunes 
dans cettes pla~es,cornme dans plusieurs autres semblables en Grece. 
Ils ont plante a leur place des denses rangs a~· Les Arnmonhila, 
qui ont pu survivre, sont parsemees de feuilles des ~· De plus 
les Tamarix ne laissent pas suffisamment les rayons du soleil,le vent 
et le sable volent' qui sont necessaires pour le developpement normal 
des Ammophila, d' atteindre celles-ci. A cause de cela les Arrunophila 
et le sable sont disparus. A leur place sont emergees des pierres et 
des roches ou bien le sol sableux devient une terre compacte. La pla
ge et la plaine en arriere de la plage sont des lors souvent inondees 
par les vagues des tempetes. Les psammophytes de nos cotes, dont queJ:. 
qu'unes sont extremement menaces (~.ex.Pancratium maritimum, Eryngium 
maritimum, voir aussi 6), devront etre estimes pour leur contribution 
ala formation des dunes (5) ainsi que pour leur role important dans 
les ecosystemes cotiers, un fait qui est reconnu ail leurs, bien que 
seulement une partie des sites a dunes y est bien conserves ( 8). 
ACCUMULATIONS DE FEUILLES DE POSIDONIA-Une grande partie du sable 
littoral et les feuilles de Posidonia oceanica echouees en masse par 
lamer sur certains rivages (p.ex. au sudest de Tinos) sont directe
ment otees par les hommes et maintenant souvent remplacees par des 
routes, de l'asphalte, des gravois et des balayures. Les feuiJles 
mortes de Posidonia contribuent ala stabilisation du sable et ont, 
d'autre ~art, une valeur nutritive importante pour quelques psammo
phytes cotiers de meme que pour les ecosystemes marins benthi~ues 
(fonds sableux, detri tiques co tiers, prairies a Cymodocea et a Posi
donia). Divers poissons, cornme p.ex. Lithognathus morrnyrus et Mullus 
surmuletus, se nourrissent des denses populations animales de Solemya 
togata, Gammarus etc. de ces fonds (7). D'autres poissons (p.ex. des 
Spicara smaris) cherchent l'abri de la frondaison des Posidonia (3). 
Les plus grands essaims des poissons ~ smaris et Boops boops auteur 
de l'ile Tinos se trouvent, le plus souvent, sur une prairie de Posi
donia au voisinage d'une telle plage a grandes concentrations de'""fei:i
illes mortes de ce phanerogame. Les feuilles echouees sur la plage 
contiennent eux-meme une faune quantitativement riche a~ balti
.£.§; ~ et Orchestia montagui, qui serve comme nourriture de di
vers oiseaux, p.ex. de~~ sardonius. 

CCTES ROCHEUSES-Les cotes rocheuses sont habitees ~ar une vegetation 
supralittorale halophile i.e. Q~ Crithmo-Limonion a Crithmum mariti

.!!!!:!!!! et Limonium cancellatum. Au dessus de cette ceinti:ireS'Tnstalle 
S?UV~nt~aux Cyclades) un ?apparo:Amaracion a Capparis spinosa, 
C~rs~um chamaeneuce, Centaurea ~· F~cus carica etc. sur champs 
rocheuses. En tels versants escarpes peut on rencontre des oiseaux 
ni~ifiants (Falco eleonorae etc.). Les cotes rocheuses sont jusqu' a 
present, mains menacees que les plages sableuses, car ils occupent la 
majorite du rivage aux endroits etudies par moi (Cyclades,Crete,Pelo
ponnese). Mais aussitot qu'une re9ion deviendra accessible par. la 
route, la flore autochtone sera decimee. Aux Cyclades, qui sont fre
quement battues par des vents violents, la cote rocheuse passe, le 
plus souvent, vers l'interieur a un phrygana grec. Il s'agit dans la 
plupart des cas d'un Coridothyrnion, parfois identifie plus precise
ment comme un Sarco~oterio-Ballotetum acetabulosae. La vegetation en 
tels phrygana des cotes sudes et estes de Tinos etait autrefois tres 
riche en especes et occupait environ 85% de la surface du sol rouge 
medi terraneen tronque qui recouvre les roches a schiste avec une mino· 
rite de chaux et de marbre. Les especes predorninantes y sont Thymus 
capitatus, Helichrysum siculum et Teucrium polium. Dans tels endroits 
les phrygana sont peu a peu deracines et souvent presque completement 
elirnines par intervention de l'homme. Par consequence se produit une 
erosion de la terre et une destabilisation des procedures importantes 
pour le climat et la vie de la region y cornpris la dependance rnutuel
le entre les divers orga~isrnes et facteurs abiotiques. 
RUISSEAUX-La vegetation des ruisseaux-en part temporaires- de laGrece 
centrale et meridionale a une composition floristique qui montre 
des affinites a l'association de Nerium oleander-Tamarix tetrandra 
Krause et al. (voir 4) ;mais T. tetrarldra, 1 'une des deux especes nomi
nales de cette association ll'a pu etre trouve par moi a aucun ruis
seau intact des Cyclades. ! Tinos, sur un total de 22 mesurages ae 
ruisseaux"temporaires"-le type le plus repandu aux Cyclades- j'ai 
rencontre les especes predominantes Vitex agnus-castus et Neri~~ ole
~(a une constance de V chacun), Rubus sp.(IV); Inula viscosa(III), 
Arundo sp.(III), Platanus orientalisrrr:-Les ruisseaux sont en danger 
immediat par les balayures et surtout par leur transformation en rou
tes. Cette situation contribue entre autres aux inondations pendant 
la saison des pluies, a un abaissement du niveau d' eau souterraine et 
au manque d'eau en ete. 
CONCLUSIONS G:f:N:f:RALES-Il faut ceder le pas aux ecosystemes naturels, 
qui sont mieux adaptes que les anthropomorphes degrades aux condi
tions de chaque region, pour la conservation de l'equilibre de l'en
vironnement. Il est surtout necessaire de prendre maintenant des me
sures pour une protection globale des biotopes entiers et de la natu
r!= en son ensemble et non seulement de certaines especes isolees. 

BIBLIOGRAPHIE 
l)ANASTASIADIS ,N .& BERJELES ,G. (1986) :lg:EFTHIMIOPOULOS ,I. :New Ecology 

(21-22): 18-23. (En grec.) 
2)BRAUN-BLANQUET ,J. ( 1964) :Pflanzensoziologie. Springer, Wien-New York. 
3)HARMELIN-VIVIEN ,M. L. ( 1982) :Trav. sci .Pare Nation.Port-Cros §: 69-92. 
4)HORVAT,J., GLAVAe,v.& ELLENBERG,H.(l974): Vegetation SUdosteuropas. 

G.Fischer, Stuttgart. 
5)JANTZEN,F.Cl978): Pflanzen am Meer. Landbuch, Hannover. 
6)KIPRIOTAKIS,Z.(l986):Rapp.Comm.int.Mer Medit. 30(2): 96. 
7)KYRTATOS,N.(l986):Rapp.Comm.int.Mer Medit. ]Q(2J: 229. 
8)LOVRIC,A.Z.(l986):Rapp.Comm.int.Mer Medit. l.Q..(2): 96. 
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L-11 
The identification of Decachlorobiphenyl 

as an environmental contaminant 
in sediments from the Po River (Italy) 

M. FRIGNANI\ R.F. BOPP .. and H.J. SIMPSON*• 

• lstituto di Geologia Marina, CNR, Via Zamboni 65, 40127 Bologna (Italy) 
•• Lamont-Doherty Geological Observatory, Palisades, N.Y. 10964 (U.S.A.) 

Analyses of chlorinated hydrocarbons in sediments recovered in 1977 from this 
coastal area (Fr ignani and Ravaioli, 1982) had shown the presence in the chromato
grams of a large peak with a relatively high retention time. This work is based on 
the identification of this peak as decachlorobiphenyl (DCB) and reports some 
considerations on its source and behavior in sediments off the Po delta. 

Sediment samples were collected in 1979 at eleven locatioos (Fig. 1) with a 
Van Veen grab and carefully handled to avoid contamination. The analyses were car
ried out on the top 3 em of the sediment according to Bopp (1979) and Bopp et al. 
(1981). The PCB content of samples was calculated peak by peak on the basis of the 
average Aroclor 1254 and 1260 compositions reported by Webb and McCall (1973). Cs-
137 activities were also determined because they are correlated with the fine sedi
ment fraction and can be used as an indicator of the sediment texture (Albertazzi et 
al., 1984). Weight loss on ignition (LOI) at 375 °C for 16 hours was chosen as an 
irrlex of the organic matter ccncentratioo in sediments. The analytical results are 
summarized in Table 1. 

Table 1. Concentration ranges and average values in bottom sediments classified 
according to their lithology (Shepard, 1954). 

Sanple DCB PCBS cs-137 Lithology LOI 
ng/g ng/g ];Ci/kg % 

11 0.2 80± 19 sarrl 1.36 

1.0 21 113 ±18 sarrly silt 0.78 

1,7,9 11.8 84 295 silt 4.52 
1.0-21.9 39-110 258-330 4.0o-5.06 

2,3,4, 6.0 64 400 clayey silt 4.55 
5,8,10 2.0-8.8 39-85 203-484 3.04-6.35 

From these data some simple considerations can be drawn: 1) peak by peak 
composition points out that the PCBs in sediments are mainly derived from mixtures 
such as Aroclor 1254 rather than Aroclor 1260; 2) DCB concentrations range from 0.2 
to 19.9 ng/g (dry weight) and these values are surprisingly high (up to 19% of the 
amount of PCBs in sample 9); 3) a comparison with sediment samples from other areas 
(Tyrrhenian Sea, Raritan Bay) shows that DCB in sediments off the Po delta have a 
different source from ordinary PCBs. In fact DCB, the fully chlorinated biphenyl, 
was produced in a factory in Brescia (Italy) from 1973 to 1975. Although the period 
of commercialization was short, the compound was synthetized as a reaction 
intermediate until 1980. Therefore high DCB ccncentratioos and DCB/PCB ratios are 
characteristic of the sedimentary materials carried to the sea by the Po River; 4) 
there is no significant correlatioo between these chlorinated hydrocarboos and Cs-
137 activities in sediments. This means that PCBs and DCB do not show a great 
affinity for all fine particles, as already pointed out by Frignani and Ravaioli 
(1982). The correlatico in fact is stronger for the silt fractioo. 

DCB~------------------~ 
11. ng/g 

20 

10 

0 
40 Silt% 80 

Fig. 1 Fig. 2 

The relationship between the DCB concentratioo arrl the silt cootent of the 
samples is shown in fig. 2. The correlation is significant at a high level (r = 
0.85772) if samples 2, 7 arrl ll are not considered. This cbservatioo points out that 
other factors besides the grain size composition of the sediment influence the DCB 
concentration. In fact the superficial sediments in the area can pres~nt very 
different levels of DCB because of the different accumulation rates of recent mate
rials from the Po effluents. Therefore sample 11, which is a relict sand scarcely 
influenced by deposition of recent fine particles, shows the minimum concentrations 
of both DCB and PCBs. The silty sediment at station 7 also shows a low DCB content 
(arrl a very low DCB/PCB ratio) because it is only marginally influenced by the river 
flow. On the other harrl the sediment at staticn 2 is characterized by a low concen
tration of DCB and a relatively low DCB/PCB ratio which may be due to its very fine 
grain size composition and to its distance from the delta. A decrease of the PCB 
content in superficial sediments off the delta with increasing distance from the 
coast was also reported by Frignani and Ravaioli (1982). 

The Po River is the only significant source of~ in this area. Therefore 
the importance of DCB as a tracer for the· sediment originating from the Po is clear. 
If the maximum pollution occurred during the period of its commercialization, a peak 
value should be fourrl in sediments deposited in the years from 1973 to 1975. 

Bopp R.F. (1979) -Ph.D. Thesis, ColUilbia University; New York (N.Y.i, pp. 191. 
Bopp R.F., Simpson H.J., Olsen C.R. & Kostyk N. (1981) - Environ. Sci. Techn., 15, 

210-216. 
Frignani M. & Ravaioli M. (1982) - CNR, Atti Convegno Sottoprogetti "Risorse Bieler 

giche" e "Irquinamento Marino" (Rome, 10-ll November, 1981), 815-828. 
Shepard F.P. (1954) - J. Sedim. Petr., 24, 151-158. 
rebb R.G. and M:Call A. C. (1973) - J. Chrom. Sci., 2, 366-373. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

139 

L-I2 
Trends in chlorinated hydrocarbons in organisms 

from the Gulf of Venice 

V.U. FOSSA TO and L CRABOLEDDA 

lstituto di Biologia del Mare, CNR, Venezia (ltalia) 

An investigation was carried out during 1986 and 1987 to establish 

the actual levels of chlorinated hydrocarbons ( HCH, DDTs and PCBs) in 

two species, Mytilus galloprovincialis and Engraulis encrasicholus, 

for which comparison over a relatively long time can be done for the 

Gulf of Venice (North Adriatic Sea). 

In order to assure the comparability of the results, sampling, 

sample preparation and analysis procedures similar to those used in a 

previous monitoring program (1977 -1979) were adopted. Shortly, compo

site samples of soft parts of mussels and skinned fillets of anchovies 

were prepared. Organochlorine concentrations were determined by gas 

chromatography after Soxhlet extraction with n-hexane, cleanup with 

H
2
so

4 
and Florisil, and separation of PCBs from DDTs on silica gel. 

The quality control of the analytical data was based on the results of 

two intercalibration exercises done in 1976 and 1984, respectively. 

Chlorinated hydrocarbon concentrations in mussels and anchovies of 

the present study are reported in Table 1 and compared, using the va

riance analysis, with published results for the same species sampled 

from the same area ( 1: 2). Data demonstrate the overall decline of the 

magnitude ofi:HCH andi:DDT residues both in mussels (p<0.01) and 

anchovies (p<0.05). For HCH.and DDT it is likely that the greatest 

input occurred in the past, before the ban in the use of chlorinated 

pesticides by Italian regulations. This is consistent with the increase 

of the amount of DDT degraded (DDD and DDE) versus the amount ofEDDT 

between 1976/79 and 1986/87. A significant decrease ( p < o .05) vi th 

time of mean concentrations of PCBs was also observed in mussels, 

while PCB levels in anchovies appear almost unchanged. This finding 

may indicate that there is a trend towards a wider distribution of 

smaller PCB residue concentrations in the Adriatic ecosystem. 

Table 1 • Temporal comparison of chlorinated hydrocarbon levels 

in organisms collected from the Gulf of Venice. Concentrations 

(means ± SD) are expressed in ng g-
1 

vet tissue weight. 

Mytilus galloprovincialis 

Sampling period 1976 1977/79 1986/87 

Sample No. 6 15 

Wet/Dry vt. ratio 5.5 ± 0.3 5.8 ± 1 .1 5.8 ± 1.1 

EOM % vet wt. 1.4 ± 0.3 1.7 ± 0.6 1.4 ± 0.2 

I: HCH 2.4 ± 1.9 1.2 ± 1.0 0.4 ± 0.1 

I: DDT 9.5 ± 6.2 13.0 ± 7.0 2.6 ± 0.7 

I: PCB (Aroclor 1254 ) 56 ± 26 41 ± 27 19 ± 

Engraulis encrasicholus 

Sampling period 1976 1977/79 1986/87 

Sample No. 0 10 

Wet/Dry wt. ratio 4.2 ± 0.4 4.1 ± 0.3 

EOM % wet wt. "'.8 ± 1.1 1.5 ± 0.8 

r. HCH 2.7 ± 1.7 0.9 ± 0.4 

I: DDT 53 '± 38 15.2 ± 7.6 

I: PCB (Aroclor 1260) 155 ± 75 138 ± 77 

References (1) (2) Present study 

References 

(1) Fossato v.u. and L. Craboledda. Archo oceanogr. Lirnnol. 19 

(1979) 169-178. 

(2) Fossato v.u. and L. Craboledda. Ves Journees Etud. Pollutions, 

Cagliari, CIESM (1980) 169-174. 
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L-13 

Effects of polychlorinated biphenyl on marine phytoplankton 

Neda FANUKO* and Mirjana NAJDEK** 

• Marine Biological Station Piran, Institute of Biology Ljubljana (Yugoslavia) 
•• Centre for Marine Research, R. Boskovic Institute, Rovinj (Yugoslavia) 

The two representative autochtonous isolates from the Gulf of 

Triest, Northern Adriatic, the chlorophyte Dunaliella sp. and the 

diatom Nitzschia sp. were exposed to the 5 concentrations of PCB 

Aroclor 1254 dissolved in acetone (1 % v/v). 

The response of the two algae on PCB was entirely different. 

Dunaliella sp. grew at all PCB concentrations. At the lowest PCB 

level ( .1 ppb) the growth was increased over the control culture 

containing only acetone. The higher PCB levels caused reduced 

final yields (Fig. 1). The LD
5016 

was computed to be as high as 

50 ppb, a dose unlikely to be encountered in marine pollution 

situations. On the other hand, Nitzschia sp. was depressed in 

growth even at the lowest Aroclor levels (Fig. 2). The decrease 

was significant (P <. .001) at all PCB concentrations and the 

testing yields have never exceeded 20 % of the control. 

The phytoplankton assemblages of the Gulf of Triest are dominated 

by these two types of algae. The green small microflagellates 

dominate in number, while the diatoms product the major part of 

organic matter. In case of eventual increased environmental PCB 

level, and presuming that the two types of algae would behave in 

the same way as they did in the laboratory, one can predict that 

Dunaliella sp. 

• control 
1oor-----.----~----

% 60 

20 

• ------------ --i • 
• !LDso 

. 1 10 100 1000 ppb 

Fig.1 

% 

Nitzschia sp . 

lOOr------c_o_n_t_r_o_l __ _ 

20 • • • • 
.1 10 100 1000 ppb 

Fig.2 

Figs. 1 and 2 Final yields of Dunaliella sp. and Nitzschia sp. 
cultures exposed to the various levels of PCB 

the diatoms would be severely decimated in such situation. Hence 

environmental PCBs may alter marine trophic pathways by reducing 

phytoplankton size towards smaller species and thus devert the 

flow of biomass from harvestable fish to jellyfish and other 

gelatinous predators (O'Connors et al., 1978). 

The PCB residues in the final particulate matter revealed that 

the proportionally highest amount of pollutant, regarding its 

initial concentration in the experimental solutions, was 

accumulated by algal cells at the lowest PCB concentration. 

Reference 

O'Connors, H.B., C.F.Wurster, C.D.Powers, D.C.Biggs, R.G. 

Rowland, 1978. Polychlorinated biphenyls may alter marine 

trophic pathways by reducing phytoplankton size and 

production. Science, 201:737-739. 

This work was partly supported by UNEP grant. 
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L-14 

Levels and trends of the pollution 
of chlorinated hydrocarbons 

In Mussels from the Rijeka Bay 

N.PICER 

Ruder Boskovic Institute, Center for Marine Research, 
P.O.B. 1016, 41001 Zagreb, Croatia (Yugoslavia) 

The contamination of the Adriatic Sea by higher molecular chlorinated hydrocarbons has 

been relatively well documented (PICER et al., 1978; FOSSATO, 1982). The Rijeka Bay, 

a semienclosed basin, is especially susceptable to pollution and is usually considered to 
be a heavily stressed ecosystem. The trends of chlorinated hydrocarbons concentrations 

found for mussels (Mytilus galloprovincialis) of the Rijeka Bay are presented in Fig. I. 

As can be seen, the levels of DOTs and PCBs significantly decreased during the period of 

investigation. The area distribution of DOTs and PCBs concentrations confirms the local 

sources of pollution and the level of persistent chlorinated hydrocarbons in the mussel 

tissue. This is especially apparent for the PCBs concentrations. Namely, concentrations of 

PCBs are significantly higher In comparison with DDT and its analogues in the samples col

lected in the vicinity of the industrial pollution sources. In the samples collected far away 

from the Industrial sources of pollution, the concentrations of DDT and analogues were 

higher than the PCBs concentrations. It is also interesting to note that the concentrations 

of DDT do not differ significantly between the Investigated locations. Mollusca pollution 

level by persistent chlorinated insecticides appears to be the same throughout the coastal 

zone of the Rijeka Bay. Such a conclusion comes unexpectedly because it is well known 

that urban waste waters are relatively rich in persistent chlorinated insecticides. Possibly 

this could be caused by a higher usage of DDT and its analogues for pests control in agri

culture amd forestry in recent years, and because the coastal zone is a typical karstic 

region. Once applied, the persistent chlorinated insecticides enter the Rijeka Bay with 

drainage waters. 
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L-Is 
PAH in recent Sediments of the Eastern Adriatic Coast 
determined by UV-fluorescence spectroscopy method 

Josip DUJMOV and Perica SUCEVIC 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

The samples of recent sediments from the offshore Adriatic sea and from the 
coastal area in two bays were collected in July 1987. One bay is under the strong 
anthropogenic influence (Kastela Bay - Split area) and the other is relatively 
unpolluted area (Boka Kotorska Bay) (Figure 1). 
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·~~5 .;ill• 212 
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Figure 1. Investigated area 

The samples of sediments after freeze drying were analysed by fluorescence 
spectrosopy (UVF) method (IOC, 1982) in order to provide information on the levels 
of hydrocarbons generally present in the sediments of the East part of the Adriatic 
sea. The contents of PAH in sediments collected from the offshore area are presented 
in the Table 1. They ranged from 0. 29 to 1. 21 J.lg/g dry weigh.t chrysene equivalents 
and 3.57 to 14.35 p.g/g dry weight Kuwait oil equivalents. For unindustrial area of 
Boka Kotorska Bay the levels of PAH ranged from 1.45 to 5.10 pg/g dry weight 
chrysene equivalents and 17.17 to 60.20 .ug/ g dry wdght Kuwait oil equivalents. The 
samples from Split area are subject to domestic and industrial inputs. The content 
of PAH in these sediments is 15.38 }Jg/g dry weight chrysene equivalents (mean value). 

Hydrocarbons present in the marine sediments are derived from a wide range of 
sources. Emission spectra of the sediment samples from offshore area were generally 
similar. Spectra from polluted area were with predominant aromatics with 2-4 rings. 
Concentration of PAH in surface sediments was law in offshore area, it was higher 
in the Bay of Boka Kotorska and the highest in Split area. This characteristic of 
Boka Kotorska Bay is the consequence of shipping loss, and for Split area is of 
petroleum and petroleum products, diagenetic and combustion origin. We can speculate 
that the contents of PAH in surface sediments in the offshore area are the 
consequence of sedimentation processes in the whole of the Adriatic Sea (Pigorini, 
1968). 

Table 1. Distribution of contents of PAH in recent marine sediments from the 
Adriatic Sea. Ths :valuoia are· giveh in p.g/g dry weight· in chrysl!ne and 
Kuwait oil equivalents 

Stat:lro Area Water Sediment type Contents of PAH DW 
Depth 

Chrysene Kuwait oil ww-
(m) 

201 Offshore 64 Sand 0,45 5,42 1,48 
203 157 Sand 0,67 8,09 1,53 
204 260 Mud 0,63 7,56 2,80 
206 200 Muddy sand 0,52 6,21 2,30 
207 150 Mud 0,33 4,14 1,83 
208 140 Mud 0,33 3,91 1,47 
210 108 Mud 0,30 3,69 1,57 
211 148 Sand 0,62 7,39 2,00 
212 150 Muddy sand 0,68 8,16 2,28 
213 130 Mud 0,29 3,57 1,44 
214 145 Mud 0,53 6,40 2,(;0 
215 212 Mud 0,41 5,08 1,60 
218 200 Mud 0,87 10,49 1,50 
219 200 Mud 0,54 6,55 2,61 

601 122 Mud 1,21 14,35 2,1 
603 240 Mud 0,83 9,91 2,0 
605 260 Mud o, 74 8,86 2,7 
607 200 Mud 0,42 5,13 3,1 
701 117 Mud 1,06 12,68 2,4 
703 130 Mud 0,65 7. 77 2,0 
705 170 Muddy sand 0,55 6,57 2,1 
707 152 Mud 0,48 5,81 2,8 

Boka 77 Sandy mud 1,45 17,17 1,61 
KDtorska 50 Muddy sand 1,68 18,96 1,45 

43 Mud 2,35 27.73 2,15 
43 Mud 5,10 60,20 1,92 
32 Mud 4, 77 56,56 2,50 
34 Mud 3,52 41,74 2,10 

P-1 Sp1~t 14 Mud 12,34 148,86 1,98 
P-5 7 Mud 20,46 240,10 1,63 

I-3 Offshore 40 Muddy sand 1,00 11,84 
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L-16 
Seasonal fluctuations of organochlorine compounds 

In the w~ter of the Strlmon River (N. Greece) 

StylianosD. KILIKIOIS, Athanasios P. KAMARIANOS and Xanthippes N. KARAMANLIS 

Aristotelian University of Thessaloniki, School of Veterinary Medicine, 
Laboratory of Ecology and Protection of Environment, 
University, Box 404, 54006 Thessaloniki (Greece) 

This study aims to rnoni tor the pollution of the water of the Strimon river by orga
nochlorine compounds HCB, Lindane, Heptachlor, Aldrin, Dieldrin, DDT and its metaboli
tes ODD and ODE, PCB's. Samples of mussels (Mtj.t:.i..f.u4 pa.U.op!tOvi.ncJALU) from the Stri
monikos gulf were also collected and analysed for the above compounds to compare the 
results of this study with a previous one Iiy Kilikidis et al. (1981). 

The R.Strimon rises on M.Scombio (Bulgaria) and flows out into the Strimonikos gulf 
( N. Greece). 115 km of the Strimon 's 330 km total length pass through N. Greece, via Ker
kini Lake (a man-made lake). Four sampling locations (1,2,3,4) were selected along the 
river and three in the Strimonikos gulf (A,B,C), as shown in fig. 1. Sampling took pla
ce monthly from Oct. 1985 to Sep. 1986. For the determination of organochlorine com
pounds in the water and mussel samples, Gas Chromatography methods were used according 
to the techniques of Jensen et al. (1973) and Johnson (1965). 

HCB, Lindane and Aldrin were only detected in the water samples of the Stl"'imon river • 
The seasonal changes in the concentration of the above compounds are shown in fig. 2-
and the corresponding concentrations in table I. 

HCB, Lindane, DDT, DOD and ODE were detected in the mussel samples. The analytical 
concentrations of these compounds per sampling location compared with the previous stu-
dy by Kilikidis et al. (1981), are shown in table II. · 

The presence of HCB, Lindane and Aldrin in the water samples of the S~rimon river in
dicate agricultural pollution of the river because of the extensive cultivation of the 
catchment area; Although the use of Aldrin has been officially prohibited in Greece 
since 1972, its presence presumably shows that it is still in use unofficially or that 
it comes from Bulgariaa 

The later is more likely ·because the detection of Aldrin was seasonal and its concen-
tration was at £irst higher in sampling loc,?tion 1 than in location 4 a • 

The absence of PCB 's in the mussel tissues vwas probably due to the decrease of the 
pollutant sources in the catchment area. In contrast to the previous study, the concen
trations of Lindane were significantly increased. 

In conclusion, the pollution of the Strimon river by organochlorine compounds has ef
fects on the water quality of the Strimonikos gulf. 

Table 1. Concentrations of organochlorine compounds in water of 
R.Strimon (ppt) 

HCB LINDANE ALDRIN 
Date~-r--r--.4-1---.--2-.--.--4-+---.--.---.--

10/85 0.9 1.8 1.3 1.1 1.3 2.6 1.7 1.2 -* 
11/85 2.1 2.2 2.2 1.5 3.4 4.5 6.7 7.7 
12/85 1.8 2.1 2.4 2.2 4.6 6.3 7.8 7.9 
1/86 1.3 1.0 0.8 1.2 1.8 2.3 1.6 3.4 5.8 5.0 5.3 4.2 
2/86 0.9 1.2 1.0 1.8 1.3 2.4 2.4 3.6 5.9 5.0 5.8 6.6 
3/86 1.1 1.5 1.6 1.5 2.1 2.3 5.1 8.2 15.3 12.0 12.4 15.4 
4/86 1.3 1.8 1.7 1.6 11.0 12.6 11.8 12.1 8.8 9.7 10.2 14.2 
5/86 2.4 2.0 1.9 2.8 10.8 10.5 11.0 11.3 
6/86 2.2 2.5 3.0 2.0 9.0 3.0 3.1 2.3 
7/86 1.4 1.0 0.8 1.2 4.6 2.1 2.3 2.8 
8/86 0.9 1.0 0.8 0.9 1.2 0.6 0.4 0.5 
9/86 1.0 0.8 0.5 1.0 0.6 0.4 0.3 0.7 

*Below detection limit (<0.9 ppt) 

Table 2. Concentrations of organochlorine compounds 
in mussels of Strimonikos gulf (ppb w.w.) 

Organochlorine 
compounds 

HCB 
LINDANE 
ALDRIN 
pp'ODT 
pp'DDO 
pp'DOE 
PCB's 

*Kilikidis et a1 

,... 
~ 

~ 

" .! . 
" . 
: 4 
u 

This study Previous 
study• 

1.7 1.9 0.5 2.0 
1.3 1.1 0.4 0 

0 0 0 o. 7 
5.0 4.0 1.6 6.0 
6.0 3.8 2.6 7 .o 
6. 7 3.3 2.1 8.0 

0 0 0 261.0 

(1981) 

Fig. 2. Fluctuations of organochlorine compounds 
during Oct. '85 -Sept. '86. 
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Polychlorinated biphenyls 
In the seawater off Erdemll - Clllclan Basin 

A.E. KIDEYS and I. SAUHOGLU 

Middle East Technical University, Institute of Marine Sciences, 
P.O.Box 28, 33731 Erdemli-lcel (Turkey) 

ABSTRACT 

The dissolved and particulate PCBs in the surface sea water 

of Northeastern Mediterranean were measured monthly for the 

period of November 1984 to September 1985. In contradiction 

to the findings of Ba~tUrk,et.4l., <1980>, where they claimed 

the absence of PCBs in the region, considerable quantities 

<range 1.5- 38 ng/1, mean 13 ngll> were measured and the 

average concentrations were found to be comparable with the 

ones reported from the other parts of the Mediterranean. 

Rainfall and sea water temperature are the two parameters 

primarily responsible from the time variation of the PCBs 

concentrations in the region. 
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L-18 
Niveaux en pesticides organochiores et en PCBs 
dans les Moules presentes dans Ia bale d'Aiger 

A. CHOUIKHI, I. NACEUR et D. TABTI 

Laboratoire de Chimie Marine, I.S.M.A.L., B.P. 90, 1er Novembre, 16003 Alger-Bourse (Algerie) 

Les concentrations en aHCH, GHCH, pp'DDT, pp'DDE, pp'DDD et PCBs ont ete 
determinees dans des echantillons de Moules (Jil:ytilus gallopr6vincialis ou Perna perna), 
collectes entre fevrier 1985 et juin 1987, au niveau de 6 stations situees dans la baie 
d' Alger. 

Ce travail entre dans le cadre du programme de surveillance continue 
MED-POL III. 

INTRODUCTION 

Cette €.tude pr€sente les r€.sultats obtenus sur la pr€sence d 1 insecticides 
et de PCBs dans des Moules prelevees trimestriellement dans la baie d 'Alger. 

MATERIEL ET METHODES 

Les prelevements de Mytilus galloprovincialis ou Perna perna (en fonction 
de leur disponibilite) ont ete effectues dans des zones cotieres types : 

a) qui sont prealablement exposees a ce genre de pollution : 
- station portuaire, subdivis€e en trois sous-stations 

• CM : eaux non renouvel€es, 
. IJN : eaux peu renouvelees, 
. EJN : eaux soumises .aux influences du large, 

- station Bordj-El-Kiffan (BEK) - coincees entre deux emissaires, 
b) qui sont au contraire abritees : 

- station des ilots Sandja (est de la baie), 
- station du Chenoua (80 km ouest d 'Alger). 

Une classe de taille de 4-5 em a ete prise en compte. 

Les methodes de traitement et d 'extraction sui vent le protocole pr€conis€ 
par UNEP/FAO/IAEA (1982). 

L'analyse a ete effectuee par chromatographie en phase gazeuse (VARIAN 
3700 equipe d 'un ECD) et sur une colonne en verre OV-17 3 %/Gas-Chrom QII 80-100. 

RESULTATS ET DISCUSSIONS 

Les resultats (cf. Tableau 1) sont rapportes en ppb de poids frais. 

Les concentrations en PCBs correspondent a la somme des pies de DP3, DP5, 
DP6. 

On cons tate d' emblee des valeurs elevees de pesticides organochlores et 
PCBs a Bordj-El-Kiffan, comparables a celles obtenues dans la lagune de Venise par 
FOSSATO and CRABOLEDDA (1979). 

L' influence des emissaires est ressentie au niveau de la station Sandja. 

Dans le port d 'Alger, nos r€sultats res tent inf€rieurs a ceux donnes par 
PICER et al. (1984) au niveau d 'une zone equivalente. 

Une diminution du taux en PCBs de la sous-station typiquement portuaire 
vers la sous-station la plus ouverte est enregistree. Ce phenomene de dilution est in
verse pour les insecticides. 

Tableau 1. Valeurs moyennes (en ppb de poids frais) en organochlor€s au niveau de Mou-
les de la baie d 'Alger. 

aHCH GHCH pp'DDE PP 'DDT pp'DDD PCBs 

M. galloprovincialis 

CM 1985 0.05 0. 63 0.93 3.17 l.ll 107.74 
1986 0.09 0.90 0.88 3.50 1.95 127.37 

IJN 1985 0.08 0.85 2.91 4.08 3.34 56.93 
1986 0.10 0.95 3.19 6.45 3.52 66.98 

EJN 1985 0.12 1.03 3.27 6.55 3.61 30.47 
1986 0.10 1.16 3.86 7.24 4.07 39.49 

BEK 1985 0.18 1.98 2.38 14.80 7.89 441.27 
1986 0.22 2.04 2.44 15.33 8.30 451.67 
1987 0.24 2.03 2.53 15.68 8.45 487.37 

Perna :eerna 

BEK 1985 0.25 1.64 1.67 12.00 4. 71 386.52 

SANDJA 1985 0.05 0.65 l.OO 3.62 1.93 17.66 
1986 0.04 0.66 1.10 4.24 2.10 21.47 
1987 0.06 o. 70 1.20 4.02 2.91 19.98 

CHENOUA 1986 0.03 0.17 0.25 2.26 0.38 3.69 
1987 0.06 0.18 0.32 2.86 0.48 3.02 

Nous pouvons considerer la station du Chenoua comme station de reference. 
En effet, les valeurs obtenues sont inferieures a celles donnees par ALZIEU et al. 
(1976) pour une zone consideree comme salubre. 
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L-IIl 
Effects of exposure to an organophosphorus pesticide 

on the ciliary activities of a marine bivalve 

Victor AXIAK and Carmelo GALEA 

Department of Science, The University of Malta, Msida (Malta) 

The gills <c:tenidia) of lam•dlibranc:h bivalves play a dominant role in 
controlling the interaction between the animal and its environment. 
However, not much is known· about the responses o-f thesE!' bivalve 
organs to environmental stressors including chemical pollutants .. 
Organophosphorus pest tc ides are known to be potent neurotoxins and may 
be expected to e)(ert an ef-fect on neurophysiological activities of 
such cilia. The present paper presents some preliminary results on the 
effects of e><posure to MALATHIONE the activities of the frontal 
cilia of ~ verrucosa. 

Frontal ciliary activities investigated using a procedure 
described in detail by A><iak and George (19871. Each bivalve had its 
left valve and mantle removed, allowed to recover for at least 2 h 
in running sea water and then introduced with its e><posed half 
upwards, in a glass cubicle measuring 8 c:m by ~ c:m and bc:m high and 
holding 300 ml of sea water maintained at 20 °C at a salinity of 37 
ppt and pH 8.4. Each preparation was observed under a binocular 
microscope at magnifications up to 75X. The activity of frontal.c:il!a 
was investigated by measuring the rates of transport of Latex 
sph':'res, 8.06 J.lm in diameter, along the plical grooves of the inner 
dem1branc:h by means of an eyepiece micrometer and a stopwatch. The 
mean rate of transport as measured in mm sec was calculated from a 
minimum of 10 observations at ·any one particular time. For any one 
animal, all observations and measurements were made on the same area 
of gill surface. In all cases, only particles unbound to mucus had 
their rates of transport measured. Measurements o.f particle transport 
were made ior two hours prior to eKposure and then 1, 2 and 3 hours 
after exposure. Animals were exposed to a nominal concentration of 
4. 75 ppm of MALATHIONE suspension in sea water. 

Effects of exposure to MALATHIONE upon frontal c:i liary activities as 
measured by rates of transport of particles along the frontal gill 
surface in half animal preparations are shown in the figure. The mean 
rate of frontal transport of eight preparations lie. half animals) on 
exposure and in controls were calculated .. The results are expressed as 
percentage of tl1e rate of transport immediately prior to exposure for 
a particular animal. In the exposed preparations, the rate of 
transport decreased to bb Y. of the initial values within 2 h of 
exposure. On the other hand, in the controls there was an increase in 
the rates of frontal particle transport up to the second hour. Such 
velocities were never found to be less than those reported prior to 
the water change at least up to b hours in the control runs. 

T-te7t for paired c:omparisions indicated that the mean rate of frontal 
particle t~ansport after 2 h of exposure was significantly lower than 
that immed1ately prior to exposure at p < 0.05 level of significance. 
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Figure 1 • .Venus ~· Effects of e><posure to 4.7S ppm of 
MALATHIONE on the frontal ciliary ac:ti vi ties of the gills as shown 
by changes in the rates of transport of particles along their 
frontal surfaces. Results are e><pressed as percentage of the rate 
of transport immediately before exposure for a particular animal. 
Means of eight replicate runs for Exposed animals <El and for 
controls (C). 

The activities of frontal cilia of the gills of Venus verruc:osa were 
found to b<> supressed on exposure to 4. 75 ppm ~MALATHIONE, as 
evident from decreased rates of particle transport across the gill's 
frontal surfac ... In a previous study <Axiak and Georg.,., 19871, the 
activities of these cilia were found to be enhanced on exposure to low 
levels of petroleum hydrocarbons. 

Any decrease in the activity of the frontal c:!lia is expected to lead 
to a decrease in the rate of ingestion of food particles filtered by 
the gill of the exposed bivalve. The biological significance of this 
response is self evident especially if it is maintained over 
relatively long periods of time. Moreover, any altered ciliary 
activities may imply a direct or indirect effect of exposure to 
organophosphorus pesticides on the nervous control and/or on some 
other aspect of th<> physiological and/or biochemical processes linked 
with ciliary movement (e.g. on membrane bound factors responsable for 
ciliary membrane polarization, ATP production, etc:.). 

As yet, such a biological response has only been detected on exposure 
to relatively high levels of organophosphorus pesticides. Further 
investigations on effects of exposure to lower levels of of such 
contaminants, is in progress. 

AXIAK, v., and GEORGE, J.J. 11987) Effects of exposure to petroleum 
hydrocarbons on the gill functions and ciliary activities of a 
marine bivalve. Mar. Biol. 94, 241-249. 
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L-I12 
Inhibition of Sardine liver esterases 

by organophosphate and carbamate pesticides 1n.....Y.i.1r.Q 

M. KRAJNOVIC-OZRETIC and B. OZRETIC 

Center for Marine Research, Rudjer Boskovic Institute, 52210 Rovinj (Yugoslavia) 

~~stf~r~~; o~h1ish~t{f!~irihigff~~d e~~ec~;g~~oi'r~~~h!~fer!~~s c~fbamate 
sardine (Sardina p1lchardus Walb.) have been investigated in vitro. 

~~jert~;;ue be~~~~ifig h~d~~llzi~~P~~~~~~. P~£~~o~~~igi g~~~P i~to!~~aii~ 
organophosphate and carbamate intoxication, but litfle efforts have 
been spent on the assessment of the differential inhibition of their 
multiple molecular forms ( 2) . 

The methods for tissue extraction and electrophoretic separation of 

;~~:i!~I~n b~f s~!{~~ s~I~bl~a:itr~~{~ ~~:vi~!;~~Y e~{~~~~~;doP 1Cirt~ii~ 
sardine were found to be multilocus variable. At least five esterase 

t~~:s ~~f~ i~~~tii~~?v (E~;;~ E~;;Il ~0~~;;;;;2 ti~S- at~. ESjJ~) ~~~ a~~~~r 
consisted of one or more bands that were aistin~ishable due to their 

~i~'I~~~ph~;~rtr to~~~nlliar s~~~;i~~~ho~;;r~~ic~e1s a~~r~en;Mft:i t1ni~ 
several horizontal slices and each one was 1ncubated for 30 min. with 
different concentrations of pesticides. The slices were than stained 
with 1- and 2-naphtyl acetate and the intensity of the bands were 
compared to a control zymogram. Results are summarized in Table 1. 

--=-=-==}Es-1 

= =~~=~~=~===~ 
~!~~~!s! ·patterns in 

-- - - -= --- -}e --- ------ --- .... -- - ---- ---------- --------
I i vu extracts from 
Adriatic urdine. The 
five zonn of eater1.se 
bands are indicated. ---------------}-

Tabla I. Eaterue activity in liver extracts fro11 Adriatic 
urdine and the inhibitory affects• of v&rious puticidu. 

Pesticide Cone. ES-I ES-IIl ES-II2 ES-III ES-IV 
(M) 

Control +++ ++ +++ ++ +++ 

Dichlorvos 10-3 +++ 
10-4 +++~ +++ 
10-5 + +++ +++ 
10-6 ++ +++ +++ 

Bromphos 10-3 ++ +/- +++ 
10-4 + + +++ +j- +++ 
10-5 +++ ++ +++ +j- +++ 
10-8 +++ ++ +++ +/- +++ 

Phosalone 10-3 +++ ++ +++ ++ +++ 
10-4 +++ ++ +++ ++ +++ 
10-5 +++ ++ +++ ++ +++ 
lO-S +++ ++ +++ ++ +++ 

Para-Oxon 10-3 
10-4 
10-5 
lQ-8 + +/-

Malathion lQ-3 ++ +++ +++ 
10-4 ++ +++ +++ 
10-5 + ++ +++ +++ 
10-S ++ ++ +++ + +++ 

Guthion 10-3 ++ +j- + ++ 
10-4 ++ + + ++ 
10-5 ++ ++ ++ ++ +++ 
10-8 +++ ++ +++ ++ +++ 

Carbaryl 10-3 +++ +++ 
10-4 +/- +++ +++ 
10-5 + +++ +++ 

Baygon 10-3 +++ +/-
10-4 +++ +/- ++ +j- + 
10-5 +++ + +++ +/- ++ 
10-8 +++ ++ +++ +/- ++ 

• The inhibitor! eHech w.re scored ~occording to the control 
zyaoyru u fol on1 (+++ and ++) no inhibition, <++ and +l slight; 
(+/- low 1.nd <-l complete inhibition. 

The obtained results demonstrated that the inhibition of esterase 
isozymes by organophosphate and carbamate ~esticides is more complex 
than it was expected and additional informat~on are requested. 

1. Krajnovic-Ozretie M., R. :Hkie (1975). Esterase Eolymorphism in 
the Adriatic sardine (Sardina pilchardus Walb) .1. lectro~horetic 

~~m.b~~g~~m~~~~ B~~~E:i:t~:~et~f6 t~g 1 _~y~~m and tissue es erases. 
2. Krajnovie-Ozretie M. , W. de Ligny ( 1978) Effects of 

organophosphate pesticides on fish esterases: a case for an 
isozyme approach. In Marine Animals, B. Battaglia and J. Beardmore 
Eds. Plenum Publishing Corporation pp 667-678. 
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L-Illi 
Spatial distribution and speciation of Tin compounds 

In sediments of Alexandria coastal belt 

0. ABOUL-DAHAB andY. HALIM 

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

INTRODUCI'ION: There is a growing concern about the presence of anthropogenic alkyltin 
compounds in the environment. Methyl and butyltin compounds, which are widely used as 
stabilizers, biocides, antifouling agents in paints, and bacteriocides, escape into 
the environemnt causing serious problems.O) Acute and chronic toxicity of tributyltin 

~~r n~n~=~:~t 0~rga~i~:S s:!c~;!. ( 2! 324 )8~:!l~~:~~~~~a~~0~h~:s t:;~~ ~~~e~~!y ~~~~:;;:!n 
are very scarce<~ and nothing is known about the occurrence of tin compounds in the 
Egyptian coastal sediments. The present study focusses on the spatial distribution and 
chemical speciation of organotin compounds in Alexandria coastal belt sediments. 

IIETIIOOOLOGY: Sampling stations (35) covered an area of 45 Km from Agamy to Abu Kir, di
vided into 9 locations, and surface sediments were collected by a Van Veen Grab, and 
analysed by HDAAS according to the method described by Weber et al., (6) for tri-, di-, 
mono-butyltin, tri-, di-. mono-methyltin and inorganic tin. 

.. 

i i? 
I < 

30 

f 

-.iS: The results are given in Table 1 and shown in Figure 1 for tributyltin. All 
_,les contained inorganic tin with concentrations (as Sn) ranging from 310 ngg-1 J)W 

~~o~;~a~:~~
1 

f~~~ :~~~~~~~~;i~o v~~~e~:~;Id ~~ ~im;~~;l~~n S::l~:t:~e~h~n c~~~: 
35 samples with concentrations ranging from undetectable to 135 ngg-1 DW. Trimethyltin 
vas present in 6 from 35 samples, ranging from undetectable to 80 ngg-1 DW. Monobutyl
tin vas detected in all but one samples and ranged from undetectable to 450 ngg-1 DW. 
Dibutyltin vas absent from 6 samples and ranged between undetectable to 425 ngg-1 llW. 
All somples contained tributyltin with concentrations ranging from 30 to 1375 ngg-1 
DW. 

Table 1. Spatial concentrations of Tin species in Alexandria coastal 
belt sediments C ng (aS Sn) g-low 7. 
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JJJaiSSIOll: The near-absence of trimethy-ltin in sediments is consistent with the fi"'
ings of Donard and WeberO) that trimethyltin remains predominantly in the dissolved 
phase. Thayer and Brinckman(8) found that trimethyltin produced by biological activity 
in the sediments, is able to react with inorganic mercury thus creating an abiotic path
way to methylmercury and dimethyltin .. The extent of this transfer in the marine envi
ronment is not known at present.. In the present study the high concentrations of tri
butyltin in sediments of Western Harbour, Eastern Harbour and Abu Kir Bay giveS an in
dication that it originates from the use of tributyltin-based antifouling paints for 
ships and boats. Methyl- and butyltin compounds are omnipresent in Alexandria coastal 
sediments. Methyltin compounds appear to form within the environment by debutylation 
of tributyltin, and butyltin compounds are derived from anthropogenic sources. No sig
nificant correlations were found between organic carbon (0.3 to 13 .. 4 %) and the alkyl
tin species concentrations. In San Diego Commercial Harbour the butyltin in sediment was 
178 ± 200 ngg-1 DW and 9 ± 20 in the ecological area, while in h9nQlulu Commercial 
Harbour it was 154 ± 244 and 75 ngg-1 DW in the ecological area.l9J Although Alexandria 

~~=~!;is~~d!:e:~d:::~!:• 0~0 v:~~o~~~; ~a~~~:r l(~~~~f n~;~yu~~nMoncentration in 
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L-IVI 
Le Chrome chez les organismes marins 

localisation microanalytique chez Ia Moule 
Mvtilus edulis (Mollusque Bivalve), 

par sonde ionique et par sonde electronique 

Colette CHASSARD-BOUCHAUD*, Philippe HALLEGOT .. et Pierre GALLE ... 

• Laboratoire de Biologie et Physiologie des Organismes Marins. Universite P. et M. Curie, 
4 place Jussieu, 75252 Paris Cedex 05, 

et Centre de Microanalyse appliquee a Ia Biologie, 6 rue du General Sarrail, 94000 Creteil (France) 
•• Enrico Fermi Institute, University of Chicago, 5630 Ellis Avenue, Chicago 60637 (U.S.A.) 

••• Laboratoire de Biophysique, Faculte de Medecine. 94000 Creteil (France) 

Un des principaux interets de 1 'etude du metabolisme du chrome est du au fait 
que,selon son etat d'oxydation, il est soit biologiquement act if (Cr Ill) ,soit ex
tremement toxique (Cr VI), mutagene, teratogene et cancerigene.Ce chrome hexavalant 
qui provient essentiellement de l'activite industrielle est un produit tres polluant. 
Alors qu'il existe une abondante litterature relative a la toxicite du chrome vis a 
vis des Mammiferes,il n'y a comparativement que peu de donnees relatives au compor
tement du metal dans les systemes biologiques marins.Ceci est generalement dG au 
fait que les concentrations toxiques sont constatees ii partir de 0,1 ppm et que ces 
doses traces necessi tent des methodes d' ana lyse extremement sensi bl es. 

Nous avons choisi, comme materiel d'etude, la moule MyWill edu.W,pour plu
sieurs raisons:ubiquite,interet economique et role de bioindicateur dans les pheno
menes de pollution. Notre objectif est de determiner le metabolisme du metal : sites 
de capture,de stockage et d'excretion, a 1 'echelle cellulaire et subcellulaire. 

Plusieurs techniques de microanalyse ont ete util isees. La spectrometrie de 
masse par emission ionique secondaire qui permet des investigations a 1 'echelle de 
l'organe et de la cellule a ete utilisee sur plusieurs types d'appareils: microscope 
ionique CAMECA SMI 300,microsonde ionique RISER MIQ 256 et microsonde ionique UC.HRL. 
SIM. La spectrometrie des rayons X qui permet des investigations a 1 'echelle de 1 'or
ganite a ete effectuee sur microsonde de Castaing couplee a un microscope electroni
que (sonde CAMEBAX) . 

Les resultats obtenus par analyse ionique montrent que la majeure partie du 
metal est captee par les branchies (Fig. 1 et 2 obtenues par microsonde UC.HRL.SIM.) 
Le courant d'eau branchial qui atteint ensuite les pal pes labiaux est appauvri en 
chrome puisque on mesure dans ces organes, des teneurs en metal quatre fois plus 
faibles.Le stockage dans la glande digestive est peu eleve;il est notable dans le 
byssus.L'excretion a lieu par le rein.On ne detecte pas de chrome dans les gonades. 
Les macrophages (Fig.2) participent activement a la caoture et au stockaoe du metal. 
En outre,l'utilisation d'un systeme informatise d'acquisition et de traitement d'i
mages (NUMELEC PERICOLOR 2000) ,adapte a la microscopie ionique, permet une cytoloca-
1 i sation extremement precise du chrome. 
Tous les organites cellulaires ont ete analyses et il apparait que les lysosomes des 
differents organes sont les organites cibles de bioconcentration du chrome qui y est 
toujours associe avec du phosphore (Fig.3),par le mecanisme d'une reaction phospha
tasique acide. Le tableau resume les resultats obtenus par microanalyse X. 

En conclusion,d'apres ces premiers resultats,il apparait que le chrome a, dans 
les systemes biologiques,un comportement different de celui des autres metaux.En ef
fet, comme nous 1 'avons montre(l),la glande digestive est generalement consideree 
comme organe cible predominant de concentration de nombreux metaux(Al,Pb,Ag,U et Pu). 
En outre, nous avions detecte ces metaux dans les lysosomes et dans les spherocris
taux; ces derniers organites ne semblent pas etre le site de bioaccumulation du 
chrome. Ces donnees doivent etre necessairement completees par des etudes rela-
tives a la cytotoxicite du chrome qui sont actuellement en cours de realisation. 

Fig.3.MyWill edu.U.o,Branchie.Micrographie e1ectronique montrant un lysosome (L) de 
1 'epithelium branchia I ,contenant des microaiguilles de phosphate de chrome(P+Cr) de
tecte par la sonde Camebax.Les points emissifs en chrome (L) visibles sur la Fig.2 
correspondent a des lysosomes.Coupe non osmiee,non coloree. Echelle: 0,1 p. 

Branchie 

Cr 4516 '!: 202 

p 208 '!: 62 

Pa 1 pe 1 abi a 1 

956 '!: 98 

78 '!: 40 

Glande digestive Rein Gonade 

234 '!: 62 2604 '!: 160 

24 '!: 10 864 '!: 94 

Byssus 

816 '!: 136 

Tableau.Microanalyse par sonde Camebax. Moyennes des concentrations en chrome et 
phosphore,expr1mees en nombre de chocs enregistres pendant 100 s., dans 1es lysoso
mes de branchie,palpe labial ,glande digestive et rein et dans le byssus. 

Ce .Drav<Ut a. e.te Jtea.U . .M da.Ju R.e. c.a.cVr.e. d'u.n c.on.Vu:tt (n° FRA/Z4G) a.ve.c. R.e. P.N.U.E. 
(PJtogl!.a.lmle du Na.t.ion& Ul'l.ieo poWt R.'Envbtonnemrmt) e.t a.ve.c. R.a. F.A.O.,PR.a.n d'Ac.:Uon 
poWt .l'.a. MecU.tVUU!.n.ee f PJtogJt.amme. MEV POL pluwe. I1), a.ve.c. R.e MppoJtt 6.i.na.nU.eJt pa.Jt

tie.l de. .I'.'I.N.S.E.R.M. (S.C.21) e.t fa. c.o.l'..l'.aboJU:t.Uon .sU.e.n.ti6.i.que. de. P.Bouma.t<.,J.F. 
Ca.ve..U..-i.eJt e.t F. E.sc.1U.9. · 

(1) c-.CHASSARO-BOUCHAU0,1987, Ion microscopes and microprobes in marine pollution 
research. Anaf.y:U.c.a. C!Um.i.c.a. Ac..ta.,195,p.307-315. 
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L-IV2 
Utilisation des enzymes hepatlques 

Cytochrome P-450 dependantes, chez les Polssons marins, 
dans Ia surveillance de l'envlronnement 

A. MATHIEU. S. CARRIERE, P. LEMAIRE, P. GARRIGUES, J.L MONOD et M.LAFAURIE 

Groupe Interface Chimie Biologie Ecosystemes Marins 
Laboratoire de Biotransformation et Cancerogenese, Faculte de Medecine, 06034 Nice Cedex (France) 

Most drugs, toxics and pollutants absorbed whithin an organism are metabolized by 
enzymatic systems of biotransformation whose the pathways of which are : 

- Phase 1 : (mainly mixed function oxidase cytochrome P450 dependant) which is very 
often responsable for metabolic activation of the original component into •proximate carcinogen·. 

- Phase 2 : detoxication or conjugation of phase 1 metabolites with endogenous molecules. 
An imbalance between these two phases could lead to a toxication (ultimate carcinogen) resulting in 
mutagenic or/and carcinogenic effects. 

On a practical level, induction of xenobiotic biotransformation (such as pesticides, PCB, 
HAP ... ) in different representative benthic organisms (fishes, molluscs, vegetals ... ) must be 
correlated to physico-chemical parameters to demonstrate their ability to be used for evaluation of 
environmental health of coastal mediterranean ecosystems which remains to be studied. 

La plupart des drogues, toxiques et polluants absorb9s par un organisme sont metabolises 
par les systemes enzymatiques de biotransformation. Ces reactions diminuent l'activite des composes 
toxiques ou, plus frequemment, augmentent leur hydrosolubilite facilitant ainsi leur elimination. 
C'est done une detoxification. 

Las activites enzymatiques de biotransformation interviennent essentiellement au niveau 
du foie, en deux etapes : 

- Phase 1 : fonctionnalisation ou degradation : les reactions d'oxydations, les plus 
frequentes, sont cytochrome P450 dependantes. 

- Phase 2 : conjugaison : les xenobiotiques ou leurs metabolites son! lies, grace a des 
enzymes de transferts, a des molecules endogenes et elimines. 

Actuellement, !'etude des phenomenes de biotransformation, et de leurs facteurs de 
variations, prend una place preponderante en pharmacologia, toxicologie, cancerologie et, plus 
recemment, en ecotoxicologie. 

Dans l'optique d~ppliquer les tests biochimiques, que nous etudions, a Ia surveillance des 
polluants en mer, nous avons cree, avec sept autres laboratoires, le G.I.C.B.E.M. (Groupe Interface 
Chimie Biologie Ecosystemes Marins). Le titre du projet de recherche de ce groupe est : 

"Actlvltes des Systemes de Bloprotectlon d'Organlsmes Marins 
representatlfs d'Ecosystemes C6tlers en Mer Medlterranee". 

L'originalite du projet est d'evaluer globalement Ia sante d'un ecosysteme marin (stabilite 
ou vulnerabilite) en etudiant in situ les correlations qui existent entre les niveaux d'activites des 
systemes de bioprotection (biotransformation des polluants organiques, induction des 
metallothioneines ... ) d'organismes benthiques c6tiers et Ia presence dans le milieu (eau, sediments) 
de molecules potentiellement toxiques. 

Le choix judicieux de differents sites de prelevements en Mediterranee (RNO) presentant 
des pollutions connues, d'origine differente (metaux lourds, HAP, PCB, lindane ... ) et a divers degres, 
doit permettre de determiner les systemes de bioprotection concernes et leurs niveaux d'activites. 
Ainsi, !'application d'une batterie de tests simples et appropries, sur des organismes representatifs, 
permettra d'evaluer globalement Ia sante d'un ecosysteme donne et, eventuellement, de tirer 
rapidement un signal d'alarme quant a Ia presence, dans le milieu, de molecules potentiellement 
toxiques. 

Deux missions preliminaires ont ete effectuees, sur le navire "Winnaretta Singer· de 
l'lnstitut Oceanographique de Monaco, pour verifier, Ia faisabilite du projet. Pour las activites de 
biotransformation des foies de poissons, les premiers resultats sont encourageants. 

SERRAIIUS SCRIBA 
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Ces resultats preliminaires, exprimes en pourcentage par rapport aux mesures realisees 
dans une zone non polluee (Galeria, Corse) doivent Atre corrales aux dosages chimiques des 
polluants, actuellement en cours, avant d'Atre interpretes pour determiner le niveau et le type des 
differentes inductions enzymatiques. 

Tout d'abord, il apparait que dans le recueil des mesures in situ, le choix de l'espece est 
primordial. Le rouge!, Mulfus barbatus, n'a pu Atre capture que deux fois sur neuf stations. De plus, 
les differences liees au sexe, decrites prec&demment, augmentent encore les difficultes d'utiliser 
cette espece pour ce genre de tests biochimiques. Les deux especes de serrans (Serranus scriba et 
Serranus cabrilla) presentent, au contraire, l'avantage de se capturer facilement et, aussi, d'Atre 
des hermaphrodites fonctionnels simultanes, ce qui elimine le facteur sexe. 

En ce qui concerns les enzymes de biotransformation, l'activite de I'EROD (Ethoxy 
Resorufine-0-Deethylase) semble Atre en rapport avec les degres "supposes· de pollution des zones 
de prelevement choisies. 
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L-Vl 
An Intensive environmental study In the open waters 

of the Aegean and Ionian Seas 
- Results of 1986 -

A BOUSSOULENGAS*, AV. CATSIKI*, C. SOUVERMEZOGLOU*, 
A. THEOCHARIS*, J. SATSMATJIS' and N. MIMIKOS** 

• National Center for Marine Research, Aghios Kosmas, Hellinikon, 16604 Athens (Greece) 
•• National Research Center for Physical Sciences, 15310 Athens (Greece) 

INTRODUCTION 
An intensive environmental study of the open waters of the 

Aegean and Ionian Seas has been undertaken since 1986. In this 
paper, work :;jo far is described and results on physical and some 
chemical parameters of two cruises during 1986 are discussed in 
more detail. 

METHODOLOGY 
A network of 30 samp 1 ing stations in the Aegean and 8 sta

tions in the Ionian Sea was determined in accordance with MED POL 
guidelines (Fig.1). Sampling twice a year (winter and swnmer) has 
been carried out since March 1986 for the following parameters 

- Temperature. salinity and currents 
- Dissolved oxygen and nutrients 
- Heavy metals and petroleum hydrocarbons in seawater and in 

sediment 
-Heavy metals and chlorinated hYdrocarbons in fish 
- Phyto and zooplancton analysis. 

26' 28* 

General network of sampling stations in the 
Aegean and Ionian Seas. 

RESULTS AND DISCUSSION 
Although the results discussed in this paper cover a rather 

short period, preliminary conclusions can be drawn on the 
environmental quality of the Aegean and Ionian Seas. 

Tracing the main surface waters, coming from the Black Sea 
and Levantine, a general cyclonic circulation is reconfirmed, 
while in many cases it is marked by mesoscale circulation 
features, which are observed over the Aegean Sea. 

Nutrient and dissolved oxygen results do not show any 
considerable differences between northern and southern areas in 
the Aegean Sea. The eastern Ionian Sea on the other hand has 
different hydrological. nutrient and dissolved oxygen 
characteristics. Generally, the Aegean is poorer than the Ionian 
in nutrients and richer in oxygen; the Aegean Sea appears to be 
the poorest region in nutrients of the Mediterrannean. 

TABLE 1 

(,onc:entrf.tions of chlorinf.hd hydroctrbons <in ng/g fresh weight) 

1.nd heavy metAls <in ug/g dry wtioht) in flesh of pelf.gic fish 

STATION SPECIES 

Alexandroupoii s Engrauli s 

area 

Chios 

Rhodes 

encrasi chol us 

Sard1na 

pilchardus 

Boops boops 

J:PCBs l:DDTs tBHCs trest 

25.2 68.1 12.1 3.9 0.83 3.83 15.00 

18.0 34.5 15.2 2.8 0.63 3.77 21.36 

4 .. 2 3.8 1.6 0.3 0.67 3.92 13.70 

The levels of Cu. Ni and Cd 1n samples of demersal and 
pelagic fish are similar with those from other North and South 
Mediterranean regions (Table 1). The obtained results did not 
show any significant difference between samples from North and 
South Aegean. The chlorinated hydrocarbon levels in the fish are 
lower than those found ten years ago. 

Finally the analysis of the various parameters shows that 
pollutant values in the open waters of the Aegean and Ionian Seas 
are of low leve1s. 

Rapp. Comm. int_ Mer MMit., 31, 2 (1988). 

145 

• 



• 

L-VII 
Mapping of pollution Induced degradation 

in coastal vegetation along Eastern Adriatic 

A:Z.. LOVRIC, B. SEKUUC and M. RAG 

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

INTRODUCTION. The selected benthic organisms may be useful indicators 
of the long-term average effects af coastal pollution. They are less reliable for on exact 
evaluation of the pollution levels, for they hcu-dly indicate 4 or 5 different degrees. 
They may be applied chiefly on the point stations and on singular coastal transects, but 
hardl¥ for a consistenf mapping of the pollution levels across the extensive coastal areas 
as is the AdriatiC Sea. Therefore a simple and quick, not expensive but satisfactorily in
formative methodology, for the bioindicator mapping d the long-term pollution effects 
across the extensive coastal areas- needed. The general principles of such an ecozo
nal mapping have been explained in Lovric (1982). 

The main basis of the actual zonation map has been the vegetation mapping of 
Adriatic coastal phytocenoses that started from 1968 (cf. Lovric 1975). Since 1975 in NE 
Adriatic were mapped also all accessible degradation effects of the polluted sea on the 
benthic algal vegetation and on the coastal halophytes including the changes in species, 
in communities, and the zoning perturbations (Lovri c 1985). By a selective combination 
of such effects that are easily registrable in the field, and presentable in degrees, we 
standardised a procedure for the ecozonal mapping of the coastal pollution effects by the 
indicating algal and halophytic vegetation. It offered the possibilities for the field dis
tinction of 9 different degradation zones induced by pollution. 

METHODOLOGY. These 9 degradation zones are well presentable by a col
oured map with the different spectral colours that are defined by the combinations of the 
next phytoecological indicators registered by the field mapping. 

1 • U I t ram a r i n - blue zone = the very purest and well conserved coasts with 
a most complete vegetation: the maximal diversity of algae and halophytes, then abun
dant calcareous algae and I ignescent halophytes, including such sensitive groups as Nea
goniolitho- Nemodermion, Cystaseirion strictae, Aurinio- Capparion, etc. 

2. Pallid - blue zone= rather~ coasts with almost original natural vege
tation : nearly complete coastal v~etation Ofalgae and halophytes, luxuriant communi
ties but decreasing diversity, perennial algae and halophytes prevailing, persisting such 
groups as Posidanion, Cystaseirion crinitae, Petroglossion, etc·.· 

3. Green zone = less pure coasts with a seminaturdl vegetation: calcareous 
algae and woody halophytes disappearing, subequal rates of the perennials and annuals, 
and appearing of the first rare synanthropic (ruderal) species indicating a degradation. 

4. Y e II ow zone = intermediate coasts: modest diversity, prevailing seasonal 
algae and annual halophytes, rarifying of Rhodophyta, Phaeaphyta and halophytic Plum
baginaceae, ascending of the skiophytic circalittoral algae upwards in turbid waters. 

5. Orange zone = semidegroded coasts with a synanthropic vegetation: prevai
ling of Chlorophyta, Cyanophyta, and nitro-halophytic Chenopodiaceae- Salsolaceae (the 
main vegetation types are Ulothrici- Bang ion, Rhodymenion, and halophytic Cakiletalia). 

6. Red zone =medium-degraded coasts with an oversimplified vegetation: 
very scarce species diversity, even the resisting Chlorophyta and Chenopodiaceae rarified, 
the circalittoral skiophytes in turbid waters growing closely by the shoreline (the main 
vegetation types are Ulvion, Enteromorphion, and ruderal Chenopodietalia). 

7. Brown- chestnut zone = overdegraded coasts with the disappearing macro
vegetation: only the lost rare Chlorophyta and Chenopodiaceae persisting, Cyanophyta 
and diatoms widely predominating. 

8. V i o I e t zone = very devastated coasts without macrovegetati on: even the 
microcoenoses of Cyanophyta and diatoms rarified (the unique persisting microvegetation 
group is Microcoleion). 

9. Black zone =quite destroyed and azoical coasts: no vegetation, only the 
bacteria persisting. 

RESULTS. From 1975, by this procedure we prospected during 14 years the most 
of Adriatic islands, Yugoslav mainland coasts and estuaries, incliding ca 85% of the East 
Adriatic coastlines. The obtained results will be presented by a coloured wall map in the 
medl um scale with 9 degradation zones. It presents the very devastated shores incbding 
the azoical ones (zones 8- 9) restricted in N Rijeka Bay, Zadar channel and KaStel a Bay. 
The other well degraded zones (6-7) include Wand NE lstra Peninsula, SE Velebit coast, 
N Dalmatia (Zadar-Sibenik), interior Boka bays, NW Krk island, and Rasa estuary. The 
most of the other E Adriatic coasts ore medium-degraded (4- 5). The semi-natural coasts 
(2-3) are in the islands Cres, SE Krk, NW Rob, Plavnik, SW Kornati, Vis, Lastovo, SW 
Mljet, NW Velebit, Zrmanjo estuary, and middle Montenegrin coast. The very purest 
coasts with a richest vegetation (zone I) are restricted to the remote Mid-Adriatic islets, 
the open mainlands of Konavli by Dubrovnik and Platamun cope by Budva, and also Prvic 
and Grgur isles in NE Adriatic channels. These distribution patterns offer some interesting 
conclusions. The purest natural sites may be in the remote isles and open mainlands,but 
also in the interior channels overexposed to perpetual strong winds and stormy surf e.g. 
isles by Senj. The most degraded ones are the sheltered closed boys with o coastal industry 
and major urbanizing. 

The most effective degradation phytoindicators are: a general decrease in coastal 
species diversity, simplified communities and uniform vegetation; disappearing of perenni
als, calcified algae, woody halophytes, Plumbaginaceae, Rhodophyta and Phoeaphyto, 
and the expansion of annuals, soft algae and halophytes, Chenopodiaceoe, Chlorophyta 
and Cyanophyta. These changes if used isolated ore not very informative, but if we put 
them together they give the certain pollution levels. 
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Evolution a long terme (1974-1987) 
des peuplements benthiques sur substrats meubles 

du golfe d'lzmlr soumls a de multiples pollutions 

A. KOCATAS, Z. EAGEN, T. KATAGAN et M. ONEN 

Ege University, Department of Biology, Section of Hydrobiology, Bornova, lzmir (Turkey) 

INTRODUCTION : Les pollutions domestique, industrielle et maritime sont etroitement 

liees au developpement economique de Ia region d'lzmir motrice pour le pays. Durant 

ces derni~res annees, !'augmentation du volume gagne sur Ia mer pat remblai et 

surtout I' amelioration du drainage des effluents des differentes usines vers un ruisseau 

l'Halkapmar n'ont fait que contribuer 11 l'accroissement de Ia destruction gmerale de 

l'ecosyst~me primitif malgre les differentes mesures, menees, pour controler les rejets 

industriels. 
MATERIEL ET METHODE : Depuis 1974, les effets de Ia pollution sur les peuplements 

benthiques sont constat€s par des pre!~vements effectu€s dans differentes stations. Pour 

pr€senter les r€sultats evolutifs, 3 stations ont ere setectionnees (Fig.1). 

Les pre!~vements ont ere realis€s 11 I' aide 

d'une benne "Orange-peel". Dans chaque 

station 9 11 10 I de sediment ont ere tamis€s. 

Pour pouvoir effectuer des comparaisons, 

l'lndice de Margalef a continue 11 etre utilise 

RESULTATS : Depuis 1974 de nombreuses 

evolutions ont pu etre observees au sein d'une 

meme station et entre chacune d'entre elles. 

-Station 1: Dans cette station, prl's de Ia 

source Ia plus importante de pollution, les 

r€sultats sont tr~s determinants quant 11 Ia 

1---------------l consequence que peut avoir les differents 
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dechets sur le peuplement benthique. Pendant 

Figure 1: Stations. Ia periode de 14 ans de 1974 11 1987; le 

nombre d'esp~ces varie de 3 11 16, le nombre 

d'individu de 28 11 1524, l'indice de diversite de 0,34 11 2,69. Dans cette stations, le plus 

bas indice de diversite a ere observe en 1980 et le plus haut en 1987 (Fig.2). La cause de 

cette amelioration est lire 11 Ia modification du lieu de ·deversement des eaux de l'Halka

pmar qui sont rejetees plus au large. Tout;_fois Ia faune nouvellement devoloppee 11 Ia 

station 1 reste des espkes de polycMte. 

:.station 2: Se trouvant au milieu de Ia baie interieure les changements observ€s dans 

cette station sont plus faible que ceux constat€s dans le premi~re station. Dans Ia 

meme periode de 74 11 87; le nombre d'especes varie de 6 11 14, le nombre d'individus 

de 59 11 408, l'indice de diversite de 1,01 11 3,00. Le plus bas indice de diversite est 

constate en 1980, le plus haut en 1987 (Fig.2). 

-Station 3: Cette station 11 l'extremite de labaie interieure d'lzmir peut etre 

consideree comme A Ia limite entre les eaux polluees et les eaux claires. Dans Ia meme 
periode que celle consideree jusque lA, le peuplement benthiques a montre plus de 

modification que dans le autres stations. Le nombre d'esp~ces varie de 30 A 66, le 

nombre d'individu de 288 11 2072, l'indice de diversite de 5,12 11 11,05. Contrairement 

aux stations 1 et 2 l'indice de diversite continue 11 diminuer apr~s 1980 (Fig.2). 
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CONCLUSION : Les differentes observations sur les peupleinents benthiques du Golfe 
d'lzmir depuis 1974, montrent des changements importants et en 1980 une pollution 

maximum (Fig.3). Apr~s 1980, les mesures de traitement des rtjets des usines et un 

drainage des boues du fond entrainant une raiuction de Ia pollution dans les stations 1 

et 2 apparait clairement dans le tableau pr€sentant les r€su!tats de 1985 et de 

1987. 

Tableau: Repartition par groupes systematiques des nbmbres d 'especes (NS) et 
d'individus (NI) ainsi que les indices de diversitt§ (DI) entre 1985 et 
1987. 

0 cnaetes Mollusces Crusfaceans Ecfitnooerms o a 

NS Nl Dl NS Nl Dl NS Nl Dl NS Nl Ul NS Nl Ul 

1 7 1452 0.82 2 71 0.23 1 1 - - - - 10 1524 2.23 

1985 2 7 386 Loo I 16 - 1 6 - - - - 9 408 1.50 

3 41 618 6.22 14 232 2.38 6 46 1.31 3 12 0.80 66 9?0~ 

1 13 77 2. 76 2 54 0.25 - - - - - - 15 131 2.87 

1987 2 13 75 2. 78 3 34 0.56 1 1 - - - - 17 110 3.40 

3 26 167 4.C9 13 121 2.50 5 5 2.50 2 41 0.27 46 334 7.74 

KOC!ITA$,!1., E:RGF:N, z. and K!IT!IGAN, T., 1985. Changes in the Benthic communities Due 
to Various Polluant:s in lzmir Ba!l (Turke!l). F!IO Fish.Rep./F!IO Rapp.Peches, 
(352) SUppl.: I 12-122. 
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L-VI3 
Le peuplement benthlque du port d'Aiger 

evolution spatlo-temporelle 

C. REBZANI-ZAHAF*, A. BAKALEM*, J.C. ROMANO", N. SEBBANE* et G. BELLAN .. 

• I.S.M.A.L, B.P. 90, Alger-1er Novembre (Algerie) 
•• Station Marine d'Endoume, Rue de Ia Batterie des Uons, 13007 Marseille (France) 

MATERIEL ET METHODES D' ETUDE 
Le port d' Alger (superficie 180 hectares) comprend 3 bassins (Fig.l) :le 

bassin de Mustapha (forte activite industrielle et commerciale), le bassin de 
1 'Agha, le bassin du Vieux Port (peche et plaisance). 

La cartographie des peuplements benthiques du port d' Alger a ete etablie 
par Bakalem et al (1986) pour le mois de juin , selon la classification de 
Bellan( 1967}_, par reference au port de Marseille. 

Les auteurs distinguent: -la zone de pollution maximum oU le macrobenthos 
(et le plus souvent le meiobenthos) a disparu; -la zone II polluee, interne, 
tres polluee, avec un peuplement tres peu diversifie, 2 a 3 especes, essen
tiellement Scolelepis fuliginosa et Capit:ella capica.ta 7 des densites in
ferieures a 600 individusjm2 et une dominance d' especes indica trices de pol
lution (IP) superieure a 94%; -la zone II polluee, externe, ou la dominance 
des I. P. est superieure a 80%, S. fuliginosa et C. capitata dominent, le 
nombre d' espAces est plus important que dans la zone precedenCe avec des 
densites plus 8levees; -la zone III subnormale interne, encore severement 
perturbee, le nombre d' especes varie entre 15 et 23, les densit6s de 1500 a 
2000 individus/m2, la dominance des I. P. diminue significativement, de l' ordre 
de 50%; -la zone III subnormale externe se caracterise par des densites plus 
elevees ~ un nombre d' especes compris entre 24 et 50, alors que la domimance 
des I. P est faible (de 1' ordre de 5% ) . 

L' evolution des peuplements de ces zones a ete. plus specialement E:tudiee 
au niveau de 7 stations parmi les 34 suivies au cours d'un cycle annuel par C. 
REBZANI -ZAHAF: stations 10 et 12 (Mustapha), 14 et 19 (Agha), 23, 29 et 31 
(Vieux Port). 
RESULTATS 

La zone I, caracteristique du bassin de Mustapha, evolue considerablement 
dans le temps et dans 1' espace. Au printemps et en ete, les conditions sont si 
defavorables que 1' extention de cette zone est maximale. Les conditions du 
milieu s' ameliorant, la zone I evolue en zone II interne, durant la saison 
hivernale; le peuplement s'enrichit, quantitativement seulement (station 12: 
8564 individusjm2) avec un equilibre entre les effectifs de C. capitata et de 
S. fuliginosa. Les regressions et transgressions de la zone I concernent 
uniquement le bassin d' evolution soumis aux influences des eaux de la baie 
d'Alger par la passe sud. 

La zone II interne, localisee au niveau de la station 10 (passe sud) est 
pr6sente toute 1' annee; elle est caracteris6e par une fluctuation quantitati· 
vement elevee et qualitat·ivement moindre du peuplement. Toute l'annee les IP. 
y dominent. La densite est de 7672 individus/m2 en automme, maximale en hiver 
(25484 individusjm2) et mininale en ete et surtout au printemps (40 indi
vidusjm2), en raison des conditions hydrodynamiques des eaux de la baie 
(houles, vagues). La zone II interne est instable dans le temps le temps et 
1 • espace et est soumise simultanement aux eaux de la baie et aux conditions 
defavorables du bassin de Mustapha. 

La zone II externe se caracterise par un accroissement de la riche.Sse 
qualitative et quantitative du peuplement. On la retrouve dans le bassin de 
1 • Agha, a proximite du bassin de Mustapha (station 14). Las fluctuations du 
peuplement y sont importantes: au printemps, le nombre d'especes et les den
sites sont au maximum (30224 individus/m2 ) , en hiver et en ete cette zone 
devient azoique, en automne, le peuplement, pauvre qualitativement et quanti .. 
tativement, est referable a celui de la zone II interne. Par contre la zone 
proche du Vieux Port (station 19) presente un peuplement permanent avec dee 
fluctuations qualitatives et quantitatives moindres, excepte en ete; cette 
zone est alors referable a la zone II interne fortement pertubee. Le reste de 
1' annee, le peuplement est celui de la zone II externe avec une forte domi
nance des I.P. Le nombre d'especes est minimum en ete (3) et la densite 
maximale en hiver (·3384 individusjm2) 

L' ensemble du Vieux Port est occupe par la zone III, riche qualitati
vement, (23 a 48 especes), et quantitativement (796 a 7388 individusjm2). La 
zone III externe (station 31) occupe tout le bassin d'evolution du Vieux Port 
lequel est soumis a 1' influence des eaux du large par la passe nord; tandis 
que la zone III interne, pertubee, se localise au fond des darses (stations 23 
et 29). La zone III externe s'enrichit qualitativement et quantitativement en 
hiver et au printemps ou elle est maximale; la zone III interne est importante 
en automme et en hiver. Le bassin d' evolution du Vieux Port est soumis toute 
1' annee simultanement a 1' influence des eaux du large et a celle des fonds de 
darse. Ces regressions et transgressions dans le temps et dans 1' espace de la 
zone III externe a la zone III interne, sont le resultat de cette double 
influence. Il est tres difficile de delimiter nettement ces zones (peuplement 
en mozaique, selon Bellan, 1967). 

CONCUJSION 
L' evolution spatio-temporelle des differentes zones du port d' Alger est 

liee simultanement a l'action des rejets d'eaux usees eta l'inflence benefi
que des eaux de la baie entrant par les passes nord et sud. La zone I occupe 
le bassin de Mustapha la majorite de l'annee; quand les conditions deviennent 
favorables la zone II interne se met en place; la regression et transgression 
de la zone I dans le bassin de 
Mustapha est localisee au niveau du 
bassin d' evolution des navires. Dans 
le bassin du Vieux Port, sous 1' in
fluence des eaux de la baie les condi
tions du milieu sont beaucoup plus 
favorables. Le riche peuplement de ce 
bassin est referable a un peuplement 
de zone III externe ou de zone III 
interne perturbee se succedant dans le 
temps et dans l'espace. I.e bassin de 
1' Agha, soumis aux influences des 
rej ets d' eaux usees sub it une fluctua
tion complexe, les zones I, II et III 
interne se mettant en place dans le 
temps. 

L' evolution spatio-temporelle du 
port d'Alger se fait de la zone I vers 
la zone III quand les conditions du 
milieu sont favorables et de la zone 
III vers la zone I quand ces condi
tions deviennent defavorables. 

Bibliographie sommaire. 
BAKALEM A, REBZANI- ZAHAF C. , ROMANO 
J.C., TAHAR M.L. (1986). R. et. P.V. 
C.I.E.S.H. 30 (2) :125. 
BEU.AN G. (1967). Rev. Intern. 
Oceanog. med, 8:51-95. 
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Toxlclte d'un alkyletaln : oxyde de trlbutyletaln 

sur I'Huitre Crassostrea gigas Thunberg 

Fran~ise GENDRON et Nardo VICENTE 

Centre d'Etudes des Ressources Animales Marines, 
Faculte des Sciences et Techniques de Saint-JerOme, 13397 Marseille Cedex 13 (France) 

Des etudes realisees par ALZIEU (1982) ayant releve un impact possible 
des organostanniques sur le developpement des hu1tres Crassostrsa gigas, le Ministers 
francais de l'Environnement a pris sn 1982 un arr1lte intsrdisant 1' utilisation dss 
peintures marines antisalissures a base d' organostanniques pour les navires de mains 
ds 25 tonneaux dans les regions de la Manche et de l' Atlantique. Cet arrete d' une 
duree de trois mois a ete reconduit en decrst pour une periods de deux ans et etendu 
a !'ensemble des clltes -francaises. 

Suite a cette decision, de norrbreuses experiences ant ete entreprises et 
des tests de toxicite de divers produits antisallissures realises sur 1' huitre Cras
sostrea gigas (GENDRON 1985). --

I - EXPERIMENT A TIDN 
• Concentrations d'oxyde de Tributyletain testees 

2 - 5 - 10 - 20 - 50 et 200 ~g.l-1 de TBTO 

La solution mere a 1 gr/1 est prepares dans 1' acids acetique. Les dilutions 
se font dans 1' eau de mer. 

Les concentrations sont regulierement surveillees par des analyses reali
sees selon la methode de generation d'hydrures (PINEL et al. 1984). 

II-~ 

1 I La mortal its est fonction de l' augmentation en TBTO. La CL50 96 h pour 
1' hu1tre Crassostrer gigas de un an est de 1' ordrs de 120 ~gl)- de TBTO dans des 
conditions experimentales precises (temperature : 17,5 a 19° c, salinite 37 %0 ). 

2/ Comportement des hu1tres 

Il est different suivant la concentration testes. Aux faibles concentra
tions (2 et 5 ~!!:-l-1 J les hu1tres ont una activite en apparence normals et leurs 
valves sent entr' ouvertes. A des concentrations plus elevees (10-20 et 50 ~g .1-1 J, 
les hu1tres ant une activite reduite et sont en majeure partie fermees. A 200 ~g.l-1, 
las animaux ant un reflexe immediat de protection at ferment leurs valves. Apres 2 
a 3 jours leur comportement est rapidement perturbs. Le reflexe de fermeture des 
valves est diminue jusqu'a devenir quasiment nul 4 a 5 jours apres selon las indi
vidus. L' huitre presents un affaiblissement general et maintient ses valves large
ment ouvertes. Le retrait du manteau dans la cavite palleale est superieur au cen
timetre. L'animal survit pendant 1 a 3 jours. 

3/ Observation des coquilles 

L 'ensemble des resul tats est regroupe dans la figure 1 exceptee la serie 
de 200 ~g .1 -1, afin de ne pas surcharger les courbes. Les donnees L/e (Longueur/ 
epaisseur de la coquille J de cette serie sont extr1lmement variables en raison de 
la toxicite du TBTO. 

La figure 1 met en evidence les effets toxiques du TBTO. Le rapport 
L/e est significativement inferieur a celui du temoin pour toutes les concentra
tions testees (2 - 5 - 10- 20 -50 ~g.l-1). 

Le rapport de la serie 2 ~g .1-
1 

decroit regulierement pour atteindre 
una moyenne de 17, 5 a pres 100 j ours. 

Las series 5 et 10 ~g.l- 1 
presentent des courbes nettement inferieures 

aux autres series. Aux concentrations de 20 et 50 JJg.l-1 de plus larges variations 
se manifestant, en raison de 1' action du TBTO sur la physiologie de 1' animal qui 
ralentit son processus de calcification. 
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Fig. 1 Evolution du rapport L/e des valves superieures des huitres 
des series experimentales : 2 - 5 - 10 - 20 et 50 ~g/1. 
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Toxicity of Egyptian crude oil 
to Tllapla zlllll Gerv. 

and fat change through subacute oil exposure 

K.S. GHAZALY 

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

Abstract 

In acute toxicit~ bioassay on Tilapia zillii Gerv., 

the concentration of crude oil fatal to 50% of the organ

lams in 96 hr was 668).4 ppm.Survlval and behaviour were 

the responses used for measuring toxicant effects. The 

highest concentrations of oil ( ~8000 ppm) had marked 

adverse effects on survival ~nd behaviour. Survival and 

behaviour of fishes in low oil concentrations ( ~5600 ppm) 

did not differ from the control. In order to get an impre-

salon about fish production under subacute oil exposure, 

fat content in muscles were determined in fishes subacutely 

exposed to oil in the time interval be~'een June and Aug. 

This time is well known to lie between the two spawnings 

of Tilapia zillii Gerv. The exposed fishes have less fat 

content than the unexposed ones. 

Table 1 z A summar,y of survival data for populations of 

Tilapia !£!!!! Gerv. submitted to acute exposure 
of Egyptian crude oil 

Days of Number of fishes surviving at test concentrations 

a 

Control 5600 6000 6400 6800 7200 7600 8000 exposure ppm ppm ppm ppm ppm ppm ppm 

0 10 10 10 10 10 10 10 10 

1 10 10 10 9 8 5 .3 0 

2 10 10 10 9 6 4 1 0 

.3 10 10 10 9 5 2 0 0 

4 10 10 9 6 2 2 0 0 

Table 2 : Fat content of muscles of oil chronicall.r exposed 

~~Gerv. 

Oil Fat content (% body wt) after time interval 
exposure 0 .30 days 60 da:rs 

(June) (July) (A!lg) 

tin exposed 2.7 ± 0.1cfl 3.6 ± O.Joab 

1.6 ± 0.4 
Exposed 1 • .3 ± 0.09 1.5 ± 0.50 

represents significance of difference between fat contents 
in the muscles of exposed and unexposed fishes. 
(P values Based on Student's t-tes~) 

b represents significance of difference between fat contents 
in the muscles of unexposed fishes at 0 days and after 60 
days. 
(P values Based on Student's t-test) 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 
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L-VI6 
Les enzymes de detoxification de Ia Moule 

utllisees comme tests biochimiques 
pour Ia surveillance des pollutions chlmiques 

J.F. NARBONNE, M. DAUBEZE, D. RIBERA et P. SUTEAU 

Groupe Interface Chimie Biologie Ecosystemes Marins (G.I.C.B.E.M.), 
Laboratoire de Toxicologie Alimentaire, Universite de Bordeaux I, 33405 Talence Cedex (France) 

Par leur repartition geographique, leur sedentarite et leur capacite ~ accumuler les 
xenobiotiques, les moules ont servi d'organisme test dans des programmes internationaux (EARTH 
WATCH, MUSSEL WATCH) visant ~ mesurer Ia contamination chimique dans le milieu marin (Dunn 
et Stich, 1975; Fossato et Canzonnier, 1976; Phillips, 1976; Goldberg et at., 1978). 

Cependant, pour determiner des niveaux de pollution, pour quantifier et identifier les 
polluants, de nombreux dosages chimiques sont necessaires. Ceux-ci entrainent un coOt eleve de ces 
programmes et ne permettent pas une surveillance permanente de Ia qualite des eaux. 

II apparait done indispensable de developper un test biologique predictif, rapide et peu 
coOteux qui orientera, si necessaire, !'analyse chimique. C'est dans ce cadre que nous proposons le 
test "MUSSEL WARNING". 

Chez les bivalves marins, Lee et al. (1972), Neff et al. (1976) et Me Leeze et Burridge 
(1983) ont montre une capacite d'accumulation des Hydrocarbures Aromatiques Polycycliques 
(HAP). !.,'existence de systemes enzymatiques de metabolisation des HAP a ete etablie par Ia suite 
(Livingstone et Farrar, 1984; Stegeman, 1985; Suteau et Narbonne,1987). 

Dans un premier temps, des etudes concernant Ia mise au point de Ia methode de dosage, ou 
!'etude des variations naturelles et induites des systemes de biotransformation des HAP, ont ete 
realisees au laboratoire (Suteau,1986; Suteau et al.,1987). 

Cas travaux font apparaitre que les activites Benzo(a)Pyrene Mono-Oxygenases (BaPMO) 
sont inductibles par las composes plans, alors que les composes non plans induisent les activites 
Epoxyde-Hydrolases (EH); parallelement, las metaux lourds (type Cadmium) inhibent ces activites. 

L'etude de Ia sensibilite du test montre, par le calcul des relations doses/effets, une 
difference significative ~ partir d'un niveau de contamination de 0,4 ppb d'hydrocarbures lourds 
(PM >200). 

La derniere etape est une etude de terrain par prelevement des organismes dans une zone 
contaminee. 

Dans le cadre du GICBEM, deux missions preliminaires ont ete effectuees. avec le navire 
le "Winnaretta Singer· de l'lnstitut Oceanographique de Monaco, pour verifier Ia validite du projet. 

Les resultats rapportes ici sont exprimes en pourcentage par rapport aux mesures 
realisees dans une zone non polluee : Golfe de Galeria (Corse). Cette methode nous permet de ne pas 
tenir compte des variations saisonnieres et done, de realiser ce test tout au long de l'annee. 

Comme le montre Ia figure, les activites B(a)PMO et EH son! significativement 
supt\rieures dans les zones supposees polluees (Marseille, Toulon). 

Pour una surveillance continue du milieu marin, ce test biochimique, rapide et peu 
couteux, semble fiable et suffisant. Toutefois, des missions ulterieures permettront de confirmer 
ces resultats et de les correler avec des analyses chimiques et geochimiques. 
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L-VI7 
Presence of Cd-blndlng proteins In freshwater 

Crayfish procambarus clark!! and Brine Shrimp Artemja 

J. DEL RAMO*, A. PASTOR**, A. TORREBLANCA*, J. MEDINA** and J. DIAZ-MAYANS* 

• Laboratory of Animal Physiology, Department of Animal Biology, Faculty of Biological Sciences, and 
•• Department of Analytical Chemistry, Faculty of Chemical Sciences, University of Valencia, 

Dr. Molinar 50, Burjassot, Valencia (Spain) 

Metallothioneins, a metal binding proteins, have a high alf"mity for various toxic metals, particulary 

cadmium and mercury. Metal binding proteins have been observed in mammals [1] and a variety of 

marine invertebrates [2], however, there is very little information available on metal binding proteins 

in freshwater invertebrates, and particulary in frehwater crustaceans [3]. The presence of such 

proteins has been variosly suggested as indicating involvement in uptake, storage, transport and 

elimination of toxic metals [ 4] and in the routine metabolism of metals [2]. Cadmium binding proteins 

observed in invertebrates have similar characteristics to mammalian metallothionein: low molecular 

weight, stable to acid and heat treatment, inducible by metal exposure, low ultraviolet absorption at 

280 nm and high absorption at 254 nm, a characteristic absorbance dissapeared on acidification and 

reappeared with neutralization [1]. This report describes results on the characterization of Cd-BPs 

obtained from very euryhaline brine shrimp Artemia exposed to cadmium. For metodological 

purposes these results have been compared with those of the freshwater crayfish Procambarus clarkii 

. Induction of Cd-BP was achieved by water exposure at a concentration of 0.1 ppm and 3.0 ppm for 

P. c/arkii and Anemia, respectively. In accordance with followed method by Engel and Brouwer [4] 

two midgut glands of P. clarkii or 0.5 gr of Anemia body were minced and homogenized in Tris

HCl (0.06 M) and NaCI (0.01 M) at pH=8.6 with 0.1 mM PMSF to prevent protease activity and 1 

mM DTT to maintain reducing conditions. The homogenate was centrifuged at 30000 g for 45 min at 

4°C. The supernatant was heat treated and 60°Cfor 10 min and centrifuged again at 30000 g for 45 

min at 4°C. A portion of the 2 mL supernatant was then applied to a column of Sephadex G-75 (2.6 x 

60 em) and eluted with the same buffer (pH=8.6). Absorbances of the fractions collected were 

measure at 254 and 280 nm. Spectral changes on acidification and neutralization proteins fractions 

were determined. Cadmium concentrations was determined by flame (P. c/arkii) in a Perkin-Elmer 

model 5000 atomic absorption spectrofotometer a deuterium background corrector. In Artemia 

samples cadmium was determined by graphite furnace with Zeeman background corrector. 

Figure IA is a Sephadex G-75 elution profile derived from midgut gland tissue pooled from two 

crayfish. Low levels of cadmium occur in the void volume. One cadmium peak is deary resolved. 

Cadmium was accumulated in the low molecular weight range of 18000-20000. This fraction had 

high ultraviolet absorption at 254 nm and a higher 254/280 ratio. Figure IB show a Sephadex G-75 

elution profile derived from Anemia sample. In this case a important amount of cadmium was present 

in the void volume. Two peaks were resolved at the low molecular weight. The first one 

corresponded to 18000-20000 range and the second one to 8000-11000 range.In both P. clarkii and 

Artemia Cd-BP fractions were scanned on a U.V. absorbance spectrophotometer and found a 

maximal absorbance at about 254 nm with minimal absorbance at 280 nm. This maximal absorbamce 

disappeared on acidification and reappeared with neutralization, indicating the presence of a 

mercaptide-metal bound (peculiarCd-BP) [1]. .----------, 
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Figure 1. A) Sephadex G-75 elution profile for Artemia sample. B) Sephadex G-75 elution profile 
for midgut gland (P. clarkii). In both absorbance at 254 and 280 in arbitrary units, flow rate=50 
mL!hr. 
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L-VIs 
Estimation of nutrients (N and P) 

along the Romanian Black Sea Coast 

loan PECHEANU, Radu MIHNEA and lcmet BILAL 

Romanian Marine Research Institute, Constantza (Romania) 

.Uong -u. Romanian !l1a<:k nea coan ( U6 an) M\l'enl 1andbaBed aourccs are 

acting. 'ftle1r importanoe 1s dif"t'oren"\ depeudins on the -1- aDd chemical 

oompoaiUon. 

The org:mic and mineral load detenninod -e ~Gico-chcmical aDd bio

logical modif'ioatlooa in the mlll'ine envirGillll<llrt from ln1'1uenced area~~. In the 

l!!.Bt dooades Gi8111fican"\ changes especial4' maasive peytoplllllkton blooms,ocuned 

in biological c,vcle. ~ were iDduced by "\he enrlching of Ha water With 

nutrients. Oldng to thia llituattona it beoame important to E!Ynluate the Jl and P 

inPQt in ibe marine aballow vat81'8, to idontif)" the SOUl'CSS and to elrtablish 

eech CODt:ribution. 

The qnali ty of mlll'ine waters along the Bamallian coaat is main4' Ulld- the 

ln1'1uenoe both ot' Danube riwr and -te · va"\er disc:hargoea. Decauae o:t f'low aDd 

chamical compost tion varta"\icms; periodical estimations sbould be p81':formed. in 

Ol'der to quan-tU',r the SOUZ'CB contributions and to establish adequate measurea 

t'or pre11entlng the environment dea:rada.tton (DRAGASARU, y;,sn.mcu aDd STOINA,l960i 

liUliE&IliiV NICIJl.ESCU lllld CHIW, 1965; PF.CJmAl'IIJ, llllllEA., SUlBm'SCU and CUIHGIOGW, 

1977). 
'l1le paper aa.al,ysee 19133-1986 data :tor llamllle lnf'lUODOe and 1987 :tor the 

southem fiOIU'IOBe. Concel'ftiug the Danube water the mean values tor l'I-B0
2

, l'f-wo,, 
B-118

4 
during 1983-1986 and ~P04 during 1985-1986 were caleulc.ted. '1!1e7 .are 

presented in the table. 

l'fUUionte were determined b,r s~"'~~~try. 1983 urmsco me~ vu 

utilised tor ~P04• B-ft02, lf-N0
3 

and l'f-IB
4 

were meuued by~ A lilt!J 8114 

Xoroleff met!lode. 

PNm the "\able it can be concluded the importaace of the Dan1lbe ill 

81U'icb111g marine waters alone the Bamanian coaat Vi th nutriaate (II 8D4 P). :rte 

share consist• in more tbon 991 tor If (No2 + lto3 + n 4) and 86.6" a11 ~P04 h'oe 

the total qwmtitiee introduced in IIDmaniaa. Black Sea vatel'llpear. 

a.-~ of the dis"\- a11 well a11 dilutiOD 8114 diBpei'SiOD pbao-

111«14 in the -them part o:t the ooaet the llamlbe oontributiOD is asmn'""M.The 

local - acting in this well dneloped ham industrial lmd tourtlrt '• point 

~ Vi- - are lWtermlning in biological prooea-• eapecialq in the llballow 

vatere (till 20m taobate). 'l1le 5378 "\pear ~P04,a1thouflll reprpent onq 13.261 

hom the total inpu~, are in triiCb a quantity that pbospborue t• DO 1110re a 

limitaUve factor :tor ~oplanldon blooma in th1• -. • 

~ B-4902 1 ..... 3 r~-~m, H-(F!02+1103..m14) 1'-J'Cl/, 

A. ~input~ 6 8t.8 18') 181 33 050 229 030 34 924 
tbe JliDIIIe water 

--n-
n. ~input of 21 236 727 1002 5318 

-them IIGIII'088 
tClll8k-r 

Total i.np1t 6869 189 417 33 777 230 C8~ 40 302 
"'-k-

t ~ l'a$io 99·69 99.37 97.84 99·56 86.65 

·~a•-=-~-~---~-~~~=---

IEPEIFICFS 

1. Dl1A0,\:'1.CU ~.. V.'ISII.ESCO R.E., S'l'OD.& I., 1960 - conutblllttt la stud1nl :fiat~ 

oo-<:h1mto al apelor a-u 1D:feri- ta aeo$oNl ~. I!ol.:r:aat. 
Cero.Piac., m UX. Dr-4• 

2. Hllll~:aJ L., lliC'IlL!.SCU C., CBI1U LP., 1965 -~ ~ db ~lta 

llllaartt. rd.Jillad. R.S.Lt 55- 83. 

3. P'~B!"MlU let ~'tl!r~EA. R., $11B.vn:scu O., CUINOIOOW E., 1977 - Lo ~ 

~ t. silic11a n lee...,_._ tota1ea ~ Pill' 

le Ilantabe cbae 1e _. Notft dims 1a ~ 1974-1977. c~ -
riDe, IRQ! Cllaetmta, rar. 101 67- 75• 
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L-VIll 
Levels and trends of the pollution 

of chlorinated hydrocarbons 
In sediments from the Mediterranean Sea 

M.PICER 

Ruder Boskovic Institute, Center for Marine Research, P.O.B. 1016, 
41 001 Zagreb, Croatia (Yugoslavia) 

The Mediterranean Sea, as a semienclosed body of water is of special interest and there 

are many monitoring activities that estimate the existing levels of chlorinated hydrocarbons 

in various components of the ecosystem, in order to gauge the magnitude of future pol

lution by these or other similar chemicals. Sediment is very suitable for monitoring pur

poses because of its stability and relatively simple sampling. Besides that, sediment analysis 

is significant also because sediments play an important role in the distribution of chlori

nated hydrocarbons in the aquatic ecosystem. The levels of these pollutants in the water 

environment are regulated by ad&orptlon and desorption processes and by the sediment

-water interface (DUINKER and BOON, 1985; OLSEN et al., 1982). Figure I presents 

summarized data of such baseline monitoring activities of DOTs, BHCs, and PCBs pollu-

tion of sediments from the Mediterranean Sea, published In the literature or available in 

other ways. The presented averages were calculated as arithmetic means by using separate 

data. When such' data were not available for the investigated area, averages were calcu

lated by combining available arithmetic means (~weighted" arithmetic means if the number 

of samples was known) and arithmetic means obtained from single data. It means that for 

some averages are presented as arithmetic means obtained from arithmetic means avail

able in previously published papers. Data are presented as concentrations on a dry weight 

basis. In the case when the data in literature were published only on a wet weight basis, 

concentrations on dry weight basis were calculated by multiplying concentrations on a 

wet weight basis by a factor of 2.0. Variations in the chlorinated hydrocarbons residue 

concentrations in the sediment from the Mediterranean Sea, their trends and various metho

dological difficulties encountered in the comparison of the obtained results are discussed. 

a;-1 1-
u 
o...IIIIIliiiii 

....: 
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L-VII2 
Levels of chlorinated hydrocarbons and metals 

in demersal Fishes 

J. SATSMADJIS, A.V. CATSIKI, and E. GEORGAKOPOULOS-GREGORIADES 

National Center for Marine Research, 16604 Hellinikon (Greece) 

INTRODUCTION Past work on marine organisms for Greek waters in 
relation to the level of organochlorines concerns the Saronikos 
gulf (1). (2) and the Thermaikos, Strymonikos and Kavala gulfs 
(3). As regards the concentration of heavy metals. the studied 
areas were the Saronikos gulf (4) and other coastal areas of the 
Aegean Sea(5). 

MATERIALS AND METHODS Samples of a large number of fishes, 
almost always Mullus barbatus (red mullet). once only Mullus 
surmuletus (striped mullet) were collected from various parts of 
the Aegean Sea between October 1986 to February 1987. 

The determination of chlorinated hydrocarbons was performed 
on composite samples according to the procedure by Satsmadjis et 
al (6) and heavy metals analysis on pooled samples according to 
UNEP procedure (7). 

TABLE 1. Organochlor.i.ne concentrations (ng/g dry weight) 

Tissue lipids % EPCBs EPDTs EBHCs l:test 

Alexandroupolis Flesh 4.94 9.6 20.6 20.1 1 .9 

Chios Flesh 11.07 39.9 55.2 15.4 1.3 

Canea Flesh 8.01 42.3 66.8 11.1 1 .3 

Saronikos I Flesh 16.75 84.3 4 7.8 65.1 4. 7 

RESULTS AND DISCUSSION Table gives figures for organo
chlorines after grouping them into four categories. All the 
levels are far below what could be considered dangerous for human 
consumption by the strictest standard. As a rule, the concen
tration of organochlorines in organisms rises more or less in 
direct proportion to the lipids contents, since they dissolve in 
them. Thus, the Alexandroupolis sample, holding less lipids 
displays the lowest levels of chlorinated hydrocarbons. The 
opposite occurs in the case of the Saronikos sample. When taking 
into consideration the percentage of lipids, there is no 
substantial difference between studied areas. 

TABLE 2. Trace metal concentrations in mg/Kg 

STATION TISSUE 
Cd Ni cu 

Average SD Average SD Average SD 

Flesh 0.84 0.22 5.59 1.61 16.33 13.16 

Alexandrcupolis Gills 2.97 0.81 17.09 4.30 44.31 31.99 

(Liver)* 4.55 18.18 31.82 

Flesh 0.66 0.33 3.50 0.55 17.67 14.17 

Chios Gills 2.98 0.85 14.73 1.49 36.60 20.60 

(Liver) • 1.57 4.13 23.01 

Flesh 0.70 0.24 4.04 0.34 18.47 14.04 

canea Gills 2.95 0.66 16.77 4.08 33.47 23.61 

(Liver)* 0.80 5.37 9.76 

Flesh 0.78 0.15 2.66 0.58 2.26 0.50 

Saronikos Gills 2.85 0.59 10.95 1.59 4. 79 0.89 

(Liver)* 4.26 2.27 12.86 11.12 10.71 10.43 

* Cornposi te samples 

Table 2 shows the concentrations of Cadmium, Nickel and 
Copper. The results are similar to those observed in other 
Mediterranean areas. Flesh samples exhibit lower concentrations 
than the other samples, fact due to the lower metabolic activity 
of the tissue in comparison with the others: gills, liver. We can 
also observe a relation between the increase of the metabolic 
itensity (e.g. in gills) and the elevation of the variat{on of 
the metal content. As the collection of fish samples was realised 
from October to February, during the reproduction repose of the 
studied species, the different sampling period did not play any 
important role in metal bioaccumulation results. When taking into 
consideration the Standard Deviation of the metal concentration 
in samples. there is no substantial difference between studied 
areas, although north samples seem to be a little more polluted. 
This hypothesis requires further investigation. 
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L-VII3 
Distribution et origine des hydrocarbures aromatiques 

et aliphatiques dans le nepheloide et le sediment, 
dans le Delta du RhOne, 1987 

E. LIPIATOU etA. SALIOT 

Laboratoire de Physique et Chimie Marines, UA CNRS 353, 
Universite Pierre et Marie Curie, Tour 25, 4 place Jussieu, 75252 Paris Cedex 05 (France) 

L'alimentation des sediments du bassin mediterraneen nord-occidental en materiel 

terri gene se fa it essenti ell ement par une couche nephel oi de, au contact du fond, se 

developpant a partir du delta du Rhone (ALOISI et al.,1982). Deux origines de la 

matiere organique de la couche nepheloide sont actuellement envisagees: la remise 

en suspension des sediments superficiels et la floculation et/ou precipitation 

d'une partie de la matiere organique presente dans le fleuve, a l 'interface eau 

douce/eau salee. Afin d'evaluer ]'importance de ce type d'apports,·une analyse 

deta ill ee de differents marqueurs d 'ori gi ne de l a matiere organique a ete effectuee, 

sur les particules en suspension et le sediment superficiel preleves a differentes 

stations dans le fleuve et son delta, en Mai 1987. 

Les hydrocarbures ont ete extraits par le methanol et le dichloromethane et 

i so 1 es a pres saponification. La separation des hydrocarbures aromat i ques a ete 

effectuee par chromatographie liquide haute performance (HPLC) avec un detecteur 

UV. L'identification et la quantification ont ete faites par couplage chromatogra

phie en phase gazeuse/spectrometrie de masse. 

L' etude d' un echant ill on du nephel oi de prel eve a 7 mi 11 es de 1 a c1lte, dans 

l 'axe de 1 'ecoulement du Rhone, montre que la teneur en hydrocarbures totaux de la 

matiere en suspension est de 2622 ng 1-1 (654 ng g - 1 de matiere en suspension), dont 

540 ng 1-l pour 1 es hydrocarbures a 1 i phati ques reso l us, 2071 ng 1-1 pour 1 es compo

ses non resolus (UCM) et 11 ng 1-1 pour les hydrocarbures aromatiques polycycliques 

(HAP). L'analyse des n-alcanes revele une distribution reguliere de ces composes 

(Carbon Preference Index " 1) en presentant un maximum en c31 . La va 1 eur du rapport 

U/R (composes non reso l us/composes reso l us) proche de 4 i ndi que une predominance de 

l a composante anthropi que (MAZUREK et SIMONE IT, 1984). L' ex amen des abondances 

relatives entre les HAP parents et leurs derives alkyles (LAFLAMME et HITES,l977), 

l a presence de composes aromat i ques pentacyc 1 i ques (SIMONE IT, 1985) et 1 es val eurs 

des rapports fl uoranthene/fl uoranthene + pyrene et benzo(a )anthracene/benzo( a)

anthracene + chrysene + triphenylene indiquent une preponderance de la composante 

pyrolytique sur la composante petroliere. Cette empreinte pyrolytique des HAP 

particulaires a ete egalement observee plus en amant, dans 1 'embouchure et dans le 

fleuve ou elle est plus importante. On remarque une diminution des concentrations 

en HAP de 33 a 19 ng 1-1 et en hydrocarbures totaux de 10885 a 4770 ng 1-1 depuis 

les eaux fluviales vers 1 'embouchure. Des prelevements realises au large du delta 

indiquent des changements significatifs de la composition en hydrocarbures dans le 

nepheloide probablement influences par les courants de fond, la proximite du 

Golfe de Fos et la nature du sediment a proximite de 1 'extremite du plateau con

tinental. On assiste par ailleurs a une diminution des concentrations en hydro

carbures totaux dans les sediments superficiels, du fleuve vers le large (MILLE 

et a1.,1981). On note des similitudes de repartition des n-alcanes entre le sedi

ment et les particules du nepheloide ainsi que des valeurs proches pour les rap

ports U/R et l es rapports des HAP, fl uo/fl uo + pyr et b(a )A/b(a )A + chry + try. 

On remarque ega 1 ement 1 a presence de derives benzeni ques alkyl es ayant une 

chatne de Hl a 14 atomes de carbone, marqueurs de pollution d'origine domestique 

(TAKADA et al. ,1987), qui presentent la meme distribution dans le sediment du 

delta et les particules du fleuve. 
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L-VII4 
Dissolved and particulate hydrocarbons 

In the Rhone Delta, France 

I. BOULOUBASSI and A. SALIOT 

Laboratoire de Physique et Chimie Marines, UA CNRS no 353 
Universite P. et M. Curie, Tour 25, 4 place Jussieu, 

75252 Paris Cedex 05 (France) · 

A study of lipid indicators was undertaken in the Rhone delta, France ,in order 
to assess contributions from different biological and anthropic_ sources, as well as 
to investigate processes controlling the transport and the fate of organic matter 
and organic pollutants in the marine environment. Both dissolved and particulate 
hydrocarbons were analyzed for saturated and aromatic compounds. 

Water samples were collected (February 1985-September 1986) in the main river, 
in and off the river mouth and separated into dissolved and particulate fractions 
by filtration on glass fibre filter ( 0. 7 ).1m pore size ) • After solvent extraction 
of the lipid fraction, hydrocarbons were isolated by high performance liquid chro
matography (WISE et al. ,1977) and analyzed by gas chromatography and gas chromato
graphy/mass spectrometry (TRONCZYNSKI et al. ,1986). 

Surface waters show concentrations of particulate non-aromatic hydrocarbons 
(NAH) and n-alkanes varying from 15 ].lg/1 (riverine station) to 1.0 ].lg/1 (offshore) 
and from 0.9 ].lg/1 to 0.1 ].lg/1 respectively, whereas intermediate and deep waters 
concentrations are lower, varying from 5.1 ].lg/1 to 0.4 ].lg/1 for NAH, and from 
0.4 Jlg/1 to 0.04 ].lg/1 for n-alkanes. Winter samples show higher hydrocarbon concen
trations than those encountered in automn, with the exception of the unresolved 
complex mixture (UCM) which is more important in automn samples. Dissolved hydro
carbon concentrations vary in a close range, although no relationship is observed 
between particulate and dissolved hydrocarbons. 

n-Alkane distribution patterns reveal high natural continental inputs (n-c
27 

-
n-c31 , odd carbon number alkanes), relatively low planktonic inputs (n-c

17
), as the 

samples were collected during low productivity period. Bacterial activity is evi
denced by the predominance of even carbon number n-alkanes in the low molecular 
weight range, and by the presence of 178,218(H)-hopanes and hopenes. Surprising 
maxima at n-C in some winter samples indicate probably a microbiological origin 
as well. In a~~ition to the alkanes little amounts of mono- and poly- unsaturated 
hydrocarbons are identified in some samples reflecting a biological origin; squale
ne (c3 :6) is ubiquitous in high abundance. 

An2hropogenic pollutant inputs are evidenced by the presence of a smooth dis
tribution of high molecular weight n-alkanes (Carbon Preference Index,CPI 'V1). 
Such profiles are assumed to be derived from petroleum or petroleum-produ~~s3~ollu
tion; this is supported by the simultaneous presence of an important unresolved 
complex mixture (UCM) and of the series of petrogenic 17a,218(H)-hopanes and ste
ranes (}1AZUREK and SIMONEIT,1984). Furthermore the analysis of aromatic hydrocar
bons and their distribution patterns allow the recognition of a variety of pollu
tant inputs, such as from pyrolytic processes, domestic and industrial waste waters, 
urban runoff, oil spills (WAKEHAM et al. ,1980; SPORSTOL et al. ,1983). 

Results are discussed in terms of fractionation of hydrocarbons between the 
dissolved and particulate compartments in order to assess the role of sources and 
environmental conditions on the fractionation. Seasonal and spatial variations are 
considered and comparison is attempted with data from other estuarine systems 
(ALBAIGES et al.,l984; TRONCZYNSKI et al.,1986; QIU et a1.,1988). 
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L-VIIs 

The contamination of Shellfish (L!thophaqa l!thophaga) 
from the Eastern Coast of the Adriatic Sea 

with polycyclic aromatic hydrocarbons 

Josip DUJMOV and Perlca SUCEVIC 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

The number of organic compounds which enters in marine environment 
with industrial and domestic waste waters has been growing in the last 
ten years. From the ecological point of view special attention is given 
to polycylic aromatic compounds (PAH), because of their great toxicity 
as to marine organisms as to human health and danger which may be 
caused by consuming these organisms (Anderson et al.l974; Blumer et al. 
1970) The results of the investigations of the pollution levels with 
PAH in dateshell (Lithophaga lithophaqa) from the various localities 
on the Eastern coast of the Adriatic Sea are carried out in this paper. 
They have been detected in the tissue of marine shellfish from polluted 
and unpolluted area (Figure 1.) 

A 0 R A c S E A 
e Sampling stations 

Figure 1. Investigated area 

Two extraction fractions were collected lower and higher and continued 
emission spectra were scanned at the wavelenghts from 330 to 510 nm. 
From the contour diagram it is possible to identify the sort and the 
origin of pollutants of each locality. From our contour diagrams it 
is evident that the dateshell acumulate most aromatic compounds with 
2-4 rings and that one which belongs to benzo (a) pyren type. The 
dominant origin of contaminants in organisms is of petroleum products. 
The results of levels of PAH in shellfish Li thophaga lithophaga are 
presented in Table 1, and are in connection with land-based sources 
contamination of the Adriatic sea. 

Minimum value determined in ivestigated area was 0,41 ,ug/g d.w.in 
locality of island Dugi otok and the maximum was 29,41 p.g/g d.w. 
determined in locality near port town Sibenik in chrysene equivalents. 
For the stations in which the contents of PAH in dateshell are about 
1, ug/g, the background contents are of global origin (North Italian 
rivers). 

The contents of PAH in the world seas are well documented (Ehrhardt, 
1972; Fazio, 1971) but for the Adriatic Sea there is a little 
information (Sccaccini et Scaccini-Cicatelli, 1969; Picer, 1987.) 

T&ble 1. c:ontents of PAH in dateshell (Li thophaga lithophaga) from various 
localities in the· Eastern coast of the Adriatic Sea.The values 
are given in p.g/g d.w.in chrysene and Kuwait oil equivalents 

Investigated Date Content of PAH ~ 
area 

kuwait oil ow 
(Locality) chrysene 

Dugi otok (Sakarun) 7. 87. 0. 41 5. 46 

Zadar(Borik) 7. 87. 2. 89 34.15 5. 9 
(Punta Mika) 9. 87. 2.01 36,60 3. 9 

~ibenik (So1aris) 7. 87. 20.41 239.46 2. 3 
(Zlarin) 9. 87. 5. 33 62.86 4.5 

Split (Kd j uni) 6. 87. 6 .5~ 77.32 3. 7 

Vis (Rukavac) 7. 87. 1. 53 18.35 6 .o 
Newn K1ek (K1ek) 7. 87. 1.06 12.70 4. 4 
(Duboka) 8. 87. 1.26 15.20 5.0 

Sullac (Gradillka) 7. 87. 1.00 12.59 4.1 

Dubrovnik (Gruz) 9. 87 1.71 20.48 6.0 

Boka Kotorska 
(Tralie!e) 7. 87. 5.63 66.26 

Ulcinj (Valdanos) 7. 87. 2.63 31.25 4. 0 
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L-VII6 
MtHabollsme du Benzo(a)Pyrene chez le Loup, 

Plcentrarchus !abrax 

P. LEMAIRE, S. CARRIERE, A. MATHIEU et M. LAFAURIE 

Laboratoire de Biotransformation et Cancerogenese, Facurte de Medecine, 
Avenue de Vallombrose, 06034 Nice Cedex (France) 

Le benzo(a)pyr~ne (BaP) est bien connu pour ses proprietes toxiques et cancerigenes 
(Gelboin 1969, Gelboin et al., 1972; Lu et al., 1979). Des quantites de bel')zo(a)pyrene, 
essentiellement d'origine anthropogenique, allant de 4 ~ 1 o ng/g de poids sec ont ate retrouvees dans 
les sediments cOtiers de Ia Mediterranee (Mille et al., 1982). 

II nous a paru interessant d'etudier. d'une part, l'accumulation et Ia repartition de cet 
hydrocarbure aromatique polycyclique dans les differents compartiments d'un poisson marin, le roup 
(Oicentrarchus labrax). D'autre part, Ia repartition des metabolites resultant des activites 
enzymatiques cytochrome P-450 dependantes permet de comprendre !'importance relative des voies 
metaboliques du benzo(a)pyrene. 

Les loups, Dicentrarchus labrax • d'environ 80g, proviennent d'entreprises aquacoles. 
Chaque individu regoit, par injection intraperitoneale, 1,17 !!Ci de benzo(a) pyrene marques au 14 c. 

Les animaux sont autopsies 1, 2, 3, 5, 7 et 17 jours apr~s injection. Les organes suivants 
sont preleves : encephala, foie, vesicula biliaire, rate, intestin, branchia, rein, muscle, graisse, 
gonade et sang. 

L'extraction des metabolites et du BaP natif est realisee salon Ia methode decrite par Roubal 
et coli. (1977) modifie par Varanasi (1978). Environ 200 mg sont digeres dans 3 ml de soude 4N 
pendant 48 heures ~temperature ambiante. 

Apres digestion complete, les metabolites sont extraits par 3 ml d'hexane, passer au Vortex 
2 min et centrifuger 5 min ~ 5000 tours/ min. 

Trois aliquots de 500 111 de Ia phase aqueuse et hexanique sont preleves et passes au 
scintillateur. Le scintillant utilise est du Hionic-Fiuor qui permet une homogenisation parfaite de 
dlacune des phases. 

RESU..TATS 

at Le BaP 
Le coeur, l'encephale, Ia branchia, le muscle son! les organes incorporant les plus faibles 

quantites de BaP. 
Les graisses et Ia rate presentent des taux de Bap importants et relativement constants. 
La vesicula biliaire, l'intestln, le rein, les gonades et le foie ont aussi des quantites 

importantes de BaP mais variant avec le temps. 
Les volumes de sang preleves se sont reveres trap faibles pour detecter le BaP marque. 

bt Metabolites du BaP 
La vesicula biliaire montre un taux impressionant de metabolites qui presente de fortes 

variations avec le temps. 
La radioactivite du rein lie aux m~tabolites reste constante tout au long de !'experience. 
Les gonades, l'intestin, Ia rate et le foie ant des valeurs importantes qui variant avec le 

temps. 
L'encephale, le coeur, les branchies, le sang, les muscles et les graisses presentent des 

quantites relativement faibles. 

Une partie importante du BaP injecte se retrouve solubilisee et piegee dans les graisses de 
Ia cavite peritoneale. Le reste est distribue dans les difterents organes ~ des concentrations variees 
qui passent par un maximum quarante huit heures apr~s !'injection pour baisser fortement au 17eme 
jour. 

Chez le poisson, le BaP est metabolise en hydroxyles essentiellement par res M.F.O. (Mixed 
Function Oxidases) hepatiques. La partie Ia plus hydrosoluble de cas metabolites est eliminee par voie 
renale. La plus grande partie des prodults s'associe ~ diverses macromolecules (glucose, sulfate, 
glutathion ... ) par les enzymes de Ia phase II afin d'etre eliminee par voie biliaire via le tractus 
intestinal. 
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L-VII7 
Analyse spectrophotometrlque des surfactants 

sur Ia cote Egeenne 

0. YARAMAZ• et S. TUNCER"• 

• Ege University, Water Resources College, lzmir (Turkey) 
•• Karadeniz Technical University, Faculty of Science, Biology Division, Trabzon (Turkey) 

Cette etude porte sur 1 'action nocive des surfactants sur la cOte 
Egt!:enne. Les pn§l€vements trimestriels proviennent de 10 stations. 

Les resultats obtenus ont montre que les concentrations varient de 
0.20 a 3.30 mg/1 en fonction des saisons et des rejets domestiques. 

INTRODUCTION 

Les recherches precedentes (1, 2) portaient sur les effets nocifs sur 
1' ecosyst€me marin et les variations des parametres physico-chimiques et des sels nu
tritifs. 

La pollution par les detergents anioniques €tait nocive chez certains 
organismes au niveau des activit€s biologiques et des transports d 'oxygene (3). 

MATERIEL ET METHODES 

Les prEHevements ont ete effectues trimestriellement en surface et a 
une distance de 5 m de la cote, de mars 1985 a decembre 1985. Le dosage quantitatif a 
ete effectu€. par la spectrophotometrie et qualitatif par la methode de la chromatogra
phie TLC et le solvant Chloroforme : Methanol : Eau pour 8 em de Silicagel (4, 5). Les 
teneurs moyennes apparaissent sur la Figure I~ 

Selon nos travaux, les teneurs en detergents sont indicatrices pour 
les d€chets domestiques et li€:es .8. celles des P04-P dans les eaux cOtieres. A la sta
tion 5, choisie dans le golfe int€.rieur d' Izmir, en saison hivernale, nous avons trou
ve 1.35 mg/1 pour les detergents centre 4.00 pg.at/1 pour 1es P04-P. D'apres 1es ana
lyses qualitatives, les detergents principaux sent le Dod€:syl Benzene Sodium Sulfanate 
et, en plus faib1e quantite, 1e Sodium Lauril Ether Sulfate. 

Sur les 72 prelf~vements effectues auteur de 1 'ile Karantina, dans le 
golfe d' Izmir" il a ete trouve une teneur moyenne en detergents de 2. 76 mg/1 contre 
une valeur de 7.10 pg.at/1 P04-P aux sorties d'€.missaires d'eaux domestiques. Au m&te 
endroit, a la sortie des rejets de b1anchisserie : 4.53 mg/1 de detergents et 5.00 pg. 
at/1 P04-P. 

D' apres les statistiques concernant ces r€sultats, il existe une forte 
correlation significative (99 %) entre 1es detergents et 1es P04-P : de 0.60 a 0.84 (1). 

Cependant, ne n€.gligeons pas 1 'effet sur les larves, a des taux tre.s 
bas (entre 100 ppb), et sur la fertilite et la reproduction, chez 1es adultes, dans 
1' ecosysteme benthique et pelagique (6). 

1.1 

0.9 

0.7 

0.5 

0.3 

0.1 

2 5 

" I\ 
I \ 
I \ 
I \ 
I \ 
I \ 
I '. 

I ' 
I ' I \ I 

I '~ 
o I 

~ / \\ x----V\ 
\ I o/ a-...._ 

\' 0 

2 7 (J 

I 
I 

I 
\ I ,, 
~ 

Fig .1. Teneurs moyennes en d8terr.ents anioniques et P0
4 
-P. 

~ 

10 St. 

(1) TUNCER (S.), YARAMAZ (0.}, UYSAL (H.}, 1984. - 3rd Int. Congr. on Zoogeography 
and Ecology, Patras, Greece. 

(2) YARAMAZ (0.), TUNCER (S.), 1986.- Rapp. Comm. int. mer Medit., 30, 2 (1986). 

(3) AUBERT (M.), GUIELLEMAUT-DRAI (C.), AUBERT (J.), 1987.- Rev. Int. Oceanogr. Med. 

(4} PUCCI (R.}, VAISSIERE (R.}, 1978. - IVes Journees Etud. Poll. CIESM. 

(5) DARADICS (L.}, 1972. - Chim. Analit. 2 (1), p. 14-17. 

(6) EPOPEM., 1978. - IVes Journees Etud. Poll. CIESM. 

Rapp. Comm. int. Mer Midit., 31, 2 (1988). 

L-VIIs 
Experimental model for testing the action of LAS 

on osmoregulation activity of Carclnus medlterraneus 

L DALlA VENEZIA, G. CAMPESAN and A. MENETTO 

Institute of Marine Biology, CNR, Venice (Italy) 

The first aim of this work is to find an experimental model for keeping 
crabs in laboratory under polluted conditions for prolonged periods. 
Crabs, of course, must be fed, and water continuously filtered: but, 
while filter removes organic matter, it removes the pollutant as well. 
The pollutant chosen in the present work is LAS (linear-alkilbenzene
sulphonate), which is the major anionic surfactant used in laundry pr_£ 
ducts. Once solved the question of obtaining a concentration as con 
stant as possible of LAS in aquaria equipped with powerful filters-: it 
is possible to use the treated crabs for the most varied physiological 
determinations, e.g. survival, osmolality and protein content of serum, 
oxygen consumption, transepi thelial potential difference, Na-K-ATPase 
activity and 22Na flux in gills. The analysis by High Performance Li~ 
id Chromatography allowed to know the actual concentration of LAS in 
sea water of aquaria, while the crabs were living in the water and the 
filter was working. For the analysis, water was purified through a 
small scale preparative C18 reversed phase silica column. The column 
was rinsed with a methanol/water solution followed by elution with pure 
methanol. The analysis of LAS in the eluate was by HPLC with UV(224 nm) 
detection of the benzene chromophore group. The various LAS homologs 

were separated by a water acetonitri 
a Cn b le/sodium perchlorate system, and the 

concentration of LAS quantified by 
the use of a commercial standard. 

C10 

Cn 
C1J 

C12 Cw 

Fig.1. Chromatograms of a nomi 
nal 3mg/l LAS sea •vater solu -
tion, taken from 18 l aquaria, 
equipped with biological fil te 
rs and each containing 5 crab;. 
a) first day; b) third day. 

Time 
(days) 

1st 
3rd 
3rd 
3rd 

Nominal cone. 
mg/l 

3.00 
3.00 
6.00 
9.00 

pure LAS 

Three experiments have been performed 
by using natural sea water at 17~S, 
dosed with LAS. The aquaria were equ~. 

pped with powerful biological filters 
made up by a layer of shell fragments 
through which water flowed, by means 
of an aerator set under the layer. 

Concentration (mg/l) 

(Nominal) Actual Actual 
1st day 3rd day 

(3.00) 2.29 0.99 
(6.00) n.d. 2.48 
(9.00) n.d. 4.04 

Table 1. Values of concentrations of 
LAS calculated on the basis of chrom~ 
to grams reported on the left. 

% Composition 

c1o c11 

28.6 37.2 
28.6 34.9 
29.0 35.4 
31.6 36.3 
2Q.1 32.0 

of LAS 
0
12 

21.4 
23.8 
21.7 
21.5 
26.0 

c13 
12.8 
12.7 
14.0 
10.5 
21.9 

Table 2. Percentage composition of LAS in sea water solution (in the 
above described conditions), in comparison with the percentage compos~ 
tion of pure LAS, dissolved in distilled water. 

Groups of five crabs, randomly chosen from an acclimation aquarium, W£ 
re transferred into as many as 18 l aquaria. In the first experiment an 
amount of 6 mg/1 LAS was added only at the start; in the second and thi 
rd experiment, the quanti ties of 3 mg/1, 6 mg/1 and 9 mg/1 were initial 
ly added; then, every second day, half of the initial quantity was ad
ded to the water, on the basis of the results reported in table 1. I; 
such a way the actual concentration of LAS fluctuated, with a period of 
two days, between the nominal concentration and half of it. In fig. 2 
it is reported only the second experiment, because it is the most signi 
ficant. The other two experiments confirm this trend. The abscissa re -
presents the level of water osmolality, during the experiment (that is 
0.5 Osm/kg) and reports LAS concentrations. In the ordinate it is repor 
ted the average elevation - on medium osmolality - of serum osmolality
(+ s.e.), which represents the osmoregulation capability, of the groups 
of experimental crabs. In all three experiments the elevation of serum 
osmolality in crabs, kept for one week in LAS treatment, is higher than 
in controls. This uneE 
pee ted result could be 
explained assuming that 

0.4 

these organisms react O.l 
to this pollutant ei th 

00 
er by activation of N; <: 
pump, or by production ~ 0.2 
of low molecular prod_£ o 
cts, such as amino aci 
ds, sugars, and organic 
acids, all contributing 

0.1 

to the osmotic pressure. 
In both cases we plan 
to make investigations 

-~-----

0 

LAS concentration (mg/l) 
in the next future. Fig.2. Elevation on medium osmolality level of 

serum osmolality of groups of five crabs, kept 
for one week in LAS solution. Bars are s .e. 
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L-VIII I 
Heavy metal concentrations In different tissues 

of some marine organisms 
from the Mediterranean (Castellon, Spain) 

F. HERNANDEZ, J. MEDINA, J. ANSUATEGUI and M. CONESA 

Environmental Laboratory, University College of Castellon, 
University of Valencia, P.O.Box 224, Castellon (Spain) 

Samples of Sardina pilt:IJardus. MullfJS harhatfJS, Mu/JIJS Slll111ulet1JS, Afyti/m 
plloprovinciaffs, Carr:infJS medile!Taneu8 and :Jbf01!1IJS thfi!DIJS were collected ~ three 
points of the Castellon coast (Vinaroz, CastellOn, Bumana) dming the months of April, July 
& October, 1986, and July & October,1987. These were analysed for total Hg, Cd, Pb and fr. 

Samples identification and preparation were carried out according to the method 
recommended by the FAO Fisheries Technical Paper n2 158 (Bemhard,1978). 

Different tissues were analysed in order to know the degree of accumulation o~ he~ .nu:tals: 
the whole body for M. saflaprovincialisand C medile!Taneu8; and muscle, .digestive, liver, 
gills, kidney and gonads for S. pilt:IJardus. M. harhatiJS, M. Slll111uletos and T. t/lfnnus. 

The high number samples makes the digestion procedure in teflon reactors under pressure 
very tedious. However, the use of open flasks allows one to work comfortabl~ with a large 
number of samples. For this reason, a digestion procedure with HND:l cone. m erlenmeyer 
flasks covered with a glass was applied. This procedure was as follows: 0.05-0.9 g of 
lyophilised tissue were introduced into a 100-ml erlenmeyer flask and 10.ml HND:l cone. 
(65%) were added. Samples were digested on a hot plate at a temperature of 7().80 2C dming 
approximately 24 h. After cooling solutions were quantitatively transferred to a 25-ml beaker 
and diluted with water to the mark. 

Due to the risk of losses of metals by applying this procedure of digestion (specially for Hg 
and Cd) we have carefully obtained the recoveries for five replicates of two standards of Hg, 
Cd, Pb ~d Q-, and also the accuracy of the procedure (ten replicates) us~ a .sample. of M. 
pllaprovincialis for intercalibration OAEA, MA-M-2/l'M). The results mdicated m ~ 
Table show that no losses of metals OCCUlTed dming the digestion of samples. 

Analyses of total Hg were carried by the Cold Vapour Tebnique AAS; Cd and Q- were 
determined by graphite furnace AAS with deuterium backgroond and by standard aditti~ 
method; Pb was analysed by graphite furnace in the presence of 0.5% (NH~4 as matrix 
modifier. 

~ 

standard (IJ&iml) 0.2 0.5 

recovery(%) 108 108 
std. deviation(%) 20 14 

Accuracy 1.00 t 0.13 

Gd. 

0.1 0.2 

107 103 
7.2 4.5 

1.83±0.24 

fb 

to 2.0 

102 104 
6.2 3.7 

1.68±0.26 

Cr. 

0.5 1.0 

115 103 
13 4.1 

1.36±0.35 

Reference Values 0.93 t 0.16 1.50 t 0.12 1. 79 t 0.54 1.64 t 0.36 
(IJ&ig dry weight) 0.95(0.85-1.06) 1.32(1.16-1.54) 1.92(1.53-2.5) 1.25(0.95-1.62) 

In the figure are shown the mean 
concentrations of each metal foond in 
muscle (S. pUt:IJardus. M. harhatfJS, 
M. Slll111u/etus_ r. l}nn/JS > and in 
whole body (M.gB!loproYim::iillis, 
C.meditenaneus). As can be seen, 
moluacs and crustaceans are 
generally the most contaminated 
organisms, whereas fishes present a 
minor metallic content , except for Hg 
(especially in M. harhatos and T. 
11Jynn1JS) 

Muscle-whole-body 600lwl 500 

- ·-
OQ/QfNJ"sh '.·•' ~~-Cd - ·~ 

- ' 0~ 
100 -. 

0 
S.ptlch Mbcr N.sur M.qt~ll CMed T.thyn 

In next figures the degree of accumulation of each metal in different tissues is shown. 
A one-way analysis of variance (ANOVA) indicate significative differences of metal levels in 
the different tissues analysed. The order of accumulation for Hg and Cd were as follows: 
muscle <digestive <liver< kidney ; the content of these two metals in gills and gonads is not 
high, and similar to that of muscle. A different order is observed for fr, the order being: 
muscle < liver < digestive < kidney, with high levels in gills and gonads in S. pilciJarrlos. 
For Pb, similar concentrations are foond in digestive, liver and gills, and lower that those 
foond in kidney; gills and kidney seem to be the tissues where a llllijor accum.ulation of Pb is 
produred. For all the organisms analysed, the muscle is the tissue which clearly presents a 
minor content of heavy metals 
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L-VIII2 
Study of toxicity and bloaccumulation of Mercury, Cadmium, 

Chromium and Lead In the Crayfish Procambarus clarki! 

J. MEDINA", J. DIAZ-MAYANS .. , A. PASTOR•, F. HERNANDEZ•, J. DEL RAMo•• and A. TORREBLANCA .. 

• Environmental Laboratory, University College of Castellon, P.O.Box 224, Castellon (Spain) 
•• Animal Fisiology Laboratory, Faculty of Biological Sciences, Burjassot, Valencia (Spain) 

In the present study, adult intennolt speciments of the crayfish .Procamlwus darkiiwere 
collected in Lake Albufera (Valencia, Spain) and taken immediately to the laboratory where 
they were maintained in 300-l aquaria and for 15 days, at 202C with a daily diet of pork liver. 

Groups of 10 crayfish were kept in tap water at several metal concentrati~ each group in a 
15-1 experimental aquarimn. Ten more crayfish used as a control were kept m 15-1 tap water, 
without adding any metal. Only crayfish weighing between 15 and 20 g were used. The degree 
of toxicity of Hg, Cd and Cr on crayfish at various temperatures has been studied. All tests have 
been conducted onder static conditions. The LOio96 h values were calculated using the method 
of Litcbfiel and Wilcoxon (1949). The results show the Hg is the most toxic of metals tested, 
while Cr presented veiY low toxicity (0.5 g Cr(VI)Il caused the death of only 40% of the 
population) 

It has been proved that the toxic effects of Hg and Cd increased with .increasing ~~· 
The effect of temperature on the Hg toxicity was more marked than m the cadmium toxiCity. 
The responses of crayfish to Hg and Cd was further investigated with respect to different 
exposure times. In general, the increase in percent mortality was related to both time and 
metal concentration, with the highest mortality OCC'IIlring after 48 h of metal exposure. 
However, in the case of Hg, the highest mortality occurred between 24 and 72 h for 24 !C, and 
between 24 and 48 h for :WC. 

Table 1 shows the 96-h LOiovalues (mgll) and the 95% confidence limits for Hg and Cd at 20, 24 
and 28!C with flrx:amhtJros dar.tii Each 96-h LOio value represents the mean of three 
replicates. 

In conclusion, the flrx:amhtJros drib' from Albufera Lake present a high resistence to heavy 
metals pollution. The importance of metallothioneins in the detoxification events of heavy 
metals is already known. These kinds of mechanisms are probably related to the resistence and 
accumulation ability of heavy metals in this crayfish. 

Temnerature (~ IXll:mlll- ~ 
20 0.79 (0.58-1.08) 58.5 (41.8-81.9) 

24 0.35 (0.21- 0.56) 34.8 (28.1-43.2) 
28 0.14 (0.08-0.23) 18.4 (10. 7-31.6) 

For experiments on metal accumulation, ~ from Albufera Lake were divided in 
groups of 10 animals each. These were kept in 15-l experimental aquaria containing increasing 
concentrations of Hg, Cd, Q-, and Pb. Ten more crayfish served as control and were kept in 15-l 
of clear water. After 96 h of metal exposure at 20"C, the animals were transferred to clean 
water, free of 8l\Y contamination, and kept there for an additional 5 h. Gills, midgut gland, 
antenna! glands and muscle of each crayfish were disected, lyophilised and homogenised. 
Sample digestion was carried out with HNO:l. The content of heavy metal on each tissue was 
determined by tlameless AAS , by using the standard additions method for Cr and Cd, or in the 
presence of (NlWiP04 as matrix modifier for Pb. Analyses of Hg were carried out by AAS 
Could Vapour Technique, by tilling NaBH4 as reductor agent and argon as purging gas. 

Next tables show the metal levels (IJ&ig dry weight) in some tissues of the crayfish after 96 h cl 
metal exposure at several concentrations: 

Jlil:l&(lOO_ Iilli. mid&utidlllld l1lt.il.aDdl lllJI!de... TOTAL 
0 0.93±0.51 0.08±0.06 0.02±0.01 1,03 
50 69.8±24.1 1.09±0.61 40.1 t9.2 1.29±0.10 112 
100 83.7±18.8 2.60± 1.40 122:1:153 0.80:1:0.08 209 
250 249:1:66 13.6±5.8 697±194 3.59±0.52 963 
~ 

0 1.24±0.40 0.50±0.13 3.08±0.82 0.02±0.01 4,84 
3.2 1.58±0.42 0.41±0.15 2.75±2.19 0.03±0.01 4,77 
10 3.98±1.00 0.49±0.21 1.33±0.51 0.10±0.04 5,90 
32 12.8±5.2 0.72±0.46 1.94±0.95 0.60±0.28 16,1 
100 37.3±10.5 2.41 ±1.74 5.17±3.87 0.98±0.43 45,9 
~ 

0 13.1 tl.6 1.00±0.40 38.2±5.0 0.41:1:0.22 52,7 
10 67.2±17.0 20.3±3.5 37.5±9.2 1.80±0.41 127 
37 89.4±13.3 55.9±25.0 147±42 3.93±1.20 296 
136 230±69 189±99 286±88 7.32± 1.51 712 
500 541±125 462:t:W2 1170±202 32.1±3.4 2250 

mr...fbQM r> r> (") r> (") 

0 0.22±0.11 0.007:1:0.003 0.11±0.04 0.02±0.01 0,36 
10 3.11±1.96 0.24:1:0.13 3.25±1.42 0.03±0.02 6,63 
50 30.4±21.3 0.38:1:0.35 2.97±2.66 0.11:1:0.08 33,9 
100 35.2±16.5 0.52±0.50 3.54±3.43 0.24±0.23 39,5 

r> Ccmcentrations expressed in mpjg dry weight 

It can be cancluded that: l)After sublethal heavy metal exposure, flrx:amhtJros darliJ 
accumti!ate important amounts of Hg. Cd, Q- and Pb. 2)The heavy metal distribution among 
several tissues of the crayfish is ftmction of the heavy metal concentration used. Commonly, 
the gills and antenna! glanda present a high amtent, whereas the muscle is the organ which 
accumti!ates lawest amoants of metals. 3)This crayfish presents both high resistence and 
high capacity for heavy metal accumulation. Since these animals are consumed directly by 
man a potential human health hazard exists. 

The autors acknowledge the support given by FAO (Project Mediterranean Action Plan), as 
well as CAICYT (Ministerio de Educaci6n y Ciencia, Espafta) and Consellerfa de Cultura, 
Educaci6n y Ciencia (Generalitat Valenciana, Espana). 
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Within the framework of MED POL from 1984 to 1987 we carried 

out a systematic monitoring of heavy metals in marine organisms. Samples of 
organisms (Mull us barbatus, MB, Mytilus galloprovincialis, MG, and Aristeus 
antennatus, AA) collected from 13 western Mediterranean sites (Alicante, 
Guardamar, Cartagena, Mazarron, Aguilas, Villaricos, Carboneras, Garrucha, 
Almeria, Portman, Algeciras, Malaga and Palma de Mallorca), were analysed 

for heavy metals (Hg, Cd, Pb and Se). 

Mytilus galloprovincialis was collected by us; the rest of or
ganisms were collected through commercial fisheries. All the samples were 
deep frozen until used. Every three months samples of organisms were collec
ted. Soft tissues were lyophilized and digested following Bernard (1976). 

Analysis of samples and blanks were carried out in a graphy
te furnace AAS (Perkin Elmer 603/768) and background correction for Cd and 
Pb. Hg and Se were determined by hydride generation AAS (Perkin Elmer 2380). 

Heavy metals average concentrations for each organism are 

shown on Table I. 

The general heavy metal levels tendency in the different spe

cies is: Hg: AA>MB>MG; Pb: MG>MB>AA; Cd: MG>AA>MB; Se: MG>AA>MB. 

Organisms from Portman and Cartagena are exposed to the in
fluence of industrial effluents; in Portman, the discarge from the exploi
tation of a lead-zinc mine has heavyly polluted the sediment, seawater and 

organisms ( R. de Leon et al. , ,1984a; R. de Leon et al. , 1984b) • 

The maximum values observed were: 1. 23 ppm for Hg in AA from 
Palma de Mallorca; MG did not accumulate Hg (0.01 - 0.13 ppm). 125 ppm in MG 

collected from Portman and 26.68 ppm in MG from Cartagena were determined 
for Pb. 1.5 ppm for Cd were observed in MG collected from Almeria, and 1.45 
ppm for the same metal in MG collected from Portman. The maximum level con

centration for Se was observed in MG from Portman. 

No significant seasonal variation in the levels of heavy me
tals in the organisms was observed nor correlation between body burden of 
heavy metals and length or weight of organisms. 

Table I.- Concentrations of heavy metals. in organisms (pg/kg F .w.) 

SPECIES n Mean Maximum ( Sampling site) METAL 

Hg MB 1187 94.73 1110 (Palma Mallorca) 

MG 2508 41.43 130 (Algeciras) 

AA 1019 354.12 1230 (Palma Mallorca) 

Pb MB 1187 227.73 19000 (Cartagena) 

MG 2508 12357.14 125000 (Portman) 
2 6 6 80 ( Cartagena) 

AA 1019 67.50 760 (Aguilas) 

Cd MB 1187 9,45 1000 (Aguilas) 

MG 2508 265.43 1500 (Almeria) 

1450 (Portman) 

AA 1019 45.12 390 (Garrucha) 

Se MB 1187 285.64 830 (Almeria) 

MG 2508 584.29 2500 (Portman) 

AA 1019 466.25 1050 (Garrucha) 
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Comparaison des concentrations metalllques 

(Cd, Cu, Fe, Mn, Zn) de Venus verrucosa 
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Les concentrations en metaux trace!. (Cd, Cu, Fe, Mn et Zn) ont ~t~ 

recherch~es dans les Praires Venus verrucosa pr~lev~es en Atlantique Nord-Est 

(20°l5'N-l7°10'W), le long de la cote mauritanienne (en f~vrier 1987) et en 

M~diterranee Nord-Occidentale A Port-Vendres sur la cote fran<;aise du Roussillon 

(en juin 1987). Ces Praires sont tres abondantes en Mauritanie. Pour 1 'ana lyse 

par absorption atomique, les parties molles des animaux sont separees de la 

coquille et certains echantillons sont disseques de fa<;on A isoler les branchies 

de la masse viscerale et du reste (manteau, muscles et gonades). 
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Les tableaux 1 et 2 donnent les concentrations en metaux exprimees en 

pg g -l(poids sec) dans les Praires in toto et dissequ~es. 

Tableau 1 : Cd, Cu, Fe, Mn et Zn dans V. verrucosa in toto 

Metal (~g g-lsec) Cd Cu Fe Mn Zn 

Atlantique (n = 10) 2.2. ± 0.9 4.1 t 0.8 245 t 63 6.4 ± 1.8 58 t 8 

Mediterranee (n = 8) 0.4 ± 0.1 6. 9 t 1. 7 263 t 45 4.5 ± 1.4 65 ± 20 

Le tableau 1 montre que les Praires de l'Atlantique pr~sentent des 

concentrations plus ~levees en Cd et moins en Cu que celles de la Mediterran~e. 

Medina et al. (1986) trouvent aussi des valeurs faibles en Cd pour une espece 

proche : Venus gallina prelevee en Mediterran~e. 

Tableau 2 : Cd, Cu, Fe, Mn et ln dans les organes de V. verrucosa 

Atlantique Cd Cu Fe Mn Zn 

Branchies (n = 8) 7.5! 1.1 6.0 ! 2.0 918 ! 238 9.7! 1.3 278 ± 45 

Masse vise. (n = 8) 1.4 ± 0.5 4.4 ± 0.4 214 ± 62 4.4 ± 0.9 54 ± 12 

"Reste" (n = 8) 1.8 ! 1.0 1.8! 0.2 235 ± 82 2.8 ± 0.5 76 ± 14 
Med it err a nee 

Branchies (n = 5) 3.4 ! 0.6. 9.0 ! 2.0 724 ! 200 7.1 ! 1.1 81 ± 12 

Masse vi sc. (n = 5) 0.2 ! 0.03 8.0 ! 2.0 249 ! 25 6.2 ± 2.1 57 ± 1 

"Reste" (n = 5) 0.9 ! 0.3 7.0 ! 1.0 227 ! 42 6.2 ! 2.1 93 ! 34 

Le tableau 2 montre que les branchies concentrent particulierement les metaux 

par rapport aux autres organes. Cependant, etant donne leur faible poids env. 2 

% du poids de l'animal, elles contribuent peu a la concentration globale. Les 

concentrations en metaux dans les branchies - organe en contact avec le milieu 

exterieur - peuvent refleter celles en metaux dissous ou particulaires dans 

l'eau de mer au moment de la prise de l'echantillon. Sauf pour Cu, les 

concentrations en metaux dans les branchies sont plus fortes ·pour les Praires de 

]'Atlantique que pour celles de la Mediterranee. Les masses viscerales (env. 

52 % du poids de 1 'animal) sont des organes d'accumulation des reserves 

nutritives et refletent le proche passe de 1 'anima 1. Les masses viscera les des 

praires de 1 'Atlantique et de la Mediterran~e presentent des concentrations 

pratiquement identiques en Fe, Mn et Zn par contre ces concentrations sont plus 

fortes en Cd et plus faibles ~n Cu dans les Praires de 1 'Atlantique. Les 

concentrations dans les masses viscerales pourraient traduire les concentrations 

en metaux du milieu ou ont vecu les Praires. 

En conclusion, les Praires, qui sont des mollusques filtreurs, peuvent 

servir la ou elles predominant sur 1 'espece Mytilus utili see dans les progra11111es 

de "Mussel Watch" (Golberg 1986), d'especes bioindicatrices de la qualite du 

milieu marin du point de vue des metaux traces. 
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Mercury concentrations in Bluefin tuna caught in the .l!edi terranean sea 
are significantly higher than in Bluefin tunas caught in the Atlantic Ocean 
<Cumont et al. 1972>. As yet the a•Jailable information from the 
Mediterranean and neighbouring seas does not give a plausible explanation 
of the higher mercury levels reported in the Mediterranean tuna. Renzoni et 
al <1978> hypothesized the existence of two bluefin tuna populations in the 
Mediterranean Sea, one resident with higher mercury body burden and other 
migrating to the Kedi terranean to spawn. The purpose of the present study 
is to gather information to facilitate identification of both tuna stocks 
using the morphological and chemical characteristics of their otoliths 
an indicator of their physiological and habitat characteristics. 

Table 1. Body meristics and pollutant levels of the bluefin tuna sampled 
along the Catalan coast. 

fish length <em> fish weight (g) Hg</18> date 
53 3410 1040 18- 7-1986 
53 3350 1590 18- 7-1986 
39 1250 870 14-10-1986 
39 1300 585 14-10-1986 
39 1100 415 24-10-1986 
40 1280 545 5-11-1986 
41 1200 595 5-11-1986 

Juvenile Bluefin tuna ranging 34-53 em total length were collected along 
the Catalan Coast from July to October 1986 <Table 1>. The sagittae from 4 
specimens were documented for morphometric shape, and then observed under 
scanning electron microscope and analyzed with electron microprobe. This 
method provides accurate data at the microscopic scale. The samples and 
standards were analyzed by a CA.I!BAX X-ray electron microprobe with the 
electron beam focused on a five square micron area. Analyses of strontium 
and calcium concentrations were executed at five micron intervals across 
the longest axis of the otolith and the ratios calculated for each area 
analyzed. Apatite and strontium fluoride were used as standards. The 
mercury levels in the muscle samples were determined with standard 
procedures. 

Inspection of juvenile sagittae at the SEX reveal clearly defined daily 
increments which disclose size differences of individual increments, 
ranging from 1. 5 to 2 f!m. 

From the Bluefin tuna otolith microstructural observations it seems 
that fishes sampled in July 1986 were born in 1985 since they were around 
14 months old at the time of fishing, while fishes sampled in fall were 
only around 6 months old. 

The concentration ratios of Sr and Ca. across a section of the otolith 
increase with distance from the core <Fig. ll. The Sr/Ca ratio increases in 
the otolith edge of all the analyzed samples independently of the time of 
capture and consequently, of the water temperature cycles. 

The Sr/Ca profiles show two types of variation of a short and a longer 
period. The periodicity of the longer trends appears to be seasonal. Thus, 
the changes in the Sr/Ca ratios in Bluefin tuna otoliths may be caused by 
changes in water temperature. Nevertheless, there is no agreement between 
the profiles of fishes caught in the same year period. This may be due to 
the high thermal regulatory capability of Bluefin tuna <Carey and Teal 
1969), also capable of mantaining a body temperature well above the water 
temperature <Radtke et al. 1987). 

Fig.l.Sr/Ca profile for a Bluefin tuna 
caugth in July, otolith core left, 
otolith edge right. 
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Fig. 2. Mercury content vs. body 
weight 
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The mercury level determined in the samples is shown in Table 1. The 
correlation coefficients between mercury level and body length or weight 
are high and significant <Fig. 2>, showing the. dependence of mercury level 
on fish size. Pending further studies including adult fishes to compare the 
fish sampled off Catalonia with Bluefin from different .l!edi terranean areas, 
1 t seems that the studied fishes lllll.y correspond to the low mercury level 
population proposed by Renzoni et al <1979). 
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ABSTRACT : 
---n=;e analysis of 33 samples of leaves of surviving Posidonia oceanica bed in the 
sewage area of the urban emissary of the gulf of Giens ( Var) has shown low rates of 
mercury ranging from 0,03 to 0,14 ppm. The modalities of territorial distribution of 
rates from the emissary mouth has been studied as ve11 as its spacial variability at 
micro-local level. 

INTRODUCTION : 
Connaissant les effets nefastes du mercure sur les posidonies (CRISTIANI et al. 

1980), nous avons entrepris, depuis plusieurs annees, des recherches sur la contami
nation mercurielle de cette plante utilisee comme indicateur biologico-biochimique 
(Cf. AUGIER 1985 et 1987, AUGIER et al. 1984). Les fonds places sous 1' influence de 
1' emissaire de Giens ( 1400 m de long, 15 m de profondeur), et occupes par un herbier 
de posidonies plus ou mains degrade, recoi vent des eaux traitees de ni veau E. Le 
branchement de plusieurs hopi taux sur le reseau a motive notre choix. 

METHODE : 
--L-es posidonies sont recoltees dans 11 stations disposees sur 3 radiales partant 
de l'orifice de l'emissaire (Fig. l); chaque station est subdivisee en 3 sous-sta
tions (Fig. 2) ou 15 faisceaux foliaires sont recoltes. Seules les feuilles interme
diaires sont retenues, puis lyophilisees et mineralisees selon la methode de MALAIY
ANDI et BARETTE (1970). Le mercure est dose par spectrophotometrie d'absorption ato
mique sans flamme (CUMONT ~- 1974). 

RESULTAT ET DISCUSSION : 
La contamination mercurie11e des posidonies de Giens est plus elevee que celle 

de la zone de reference du Pare National de Port-Cros, mais plus faible que ce11e de 
plusieurs secteurs de notre littoral (AUGIER et al. 1984) ; au plan general, e11e 
peut iltre consideree comme relati vement faible puisque les taux de mercure s' eche
lonnent de 0,03 a 0,14 ppm (Tableau I). Cela signifie soit que les eaux brutes sont 
peu chargees en mercure, so it que les traitements de la station d' epuration sont 
efficaces pour 1' elimination de ce metal. 

Au plan toxicologique les taux de mercure sont bien en dessous des seuils cri
tiques induisant chez les feui11es des .desordres physiologiques graves (CRISTIANI et 
~· 1980) ; ce qui n'exclue pas cependant des effets synergiques avec d'autres pol:::
luants (metaux, detergents, etc ... ), q4i res tent a demontrer. 

Les valeurs obtenues pour les 3 echanti11ons d 'une meme station sont coherentes. 
Dans les investigations de routine, on pourra par consequent se contenter de reali
ser un seul prelevement de feuilles par station, a condition que le nombre de fais
ceaux foliaires so it au mains egal a 15. 

On peut observer une difference territoriale de contamination des posidonies : 
les taux les plus eleves ne sont pas trouves au voisinage du rejet, mais a une dis
tance de l'ordre de 280 m et la pollution marque un leger flechissement vers le Sud. 

Les donnees coherentes obtenues en fonction de l' echantillonnage, confirme ainsi 
11 interet d' utiliser Posidonia oceanica comme indicateur biologique de la pollution 
mercurie11e. 

D p MLf (em) TAUX (ppm) 
St. (m) (m) 

SSt. St. SSt. St. 

Al 27 0,09 
A2 0 -15 ·23 26 0,07 0,07 
A3 29 0,06 

Bl 27 ll,09 
B2 140 -16 37 33 0,08 0,08 
83 35 0,08 

Cl 25 0,12 
C2 280 -17 26 28 0,12 0,11 
C3 33 0,10 

Dl 23 0,10 
D2 420 -19 18 22 0,07 0,07 
D3 25 0,04 

El 15 0,05 
E2 560 -21 18 20 0,04 0,04 
E3 28 0,03 

fl 29 0,09 
f2 140 -15 31 29 0,08 0,08 
F3 27 O,D8 

Gl 30 0,10 
G2 280 -16 31 29 0,11 0,10 
G3 27 0,09 

HI 26 O,D6 
H2 420 -17 19 22 O,D7 0,06 
H3 22 0,05 

Il 28 0,09 
I2 140 -15,5 30 28 0,10 0,09 
I3 26 0,08 

Jl 32 0,12 
J2 280 -16,5 28 30 0,14 0,13 
J3 29 0,13 

Kl 22 0,10 
K2 420 -17,5 19 20 0,11 0,10 
K3 18 0,09 

Tableau I : Taux de mercure total dans les 
lyophilisats des feui11es. intermediaires 
de Posidonia oceanica recoltees a diffe
rentes profondeurs (P), a des distances 
differentes du debouche de l'emissaire de 
Giens (D) (MLf = Moyenne Longueur feuilles, 
SSt. = Sous-Stations, St. = Stations). 
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ABSTRACT. 
~ificial contamination of Posidonia oceanica Delile were carried out in a cli
matic aquatic cultural chamber with various quantities of anti-fouling paints of a 
new production, with copper. The results show that the sampling progressively concen
trate the biocids of painting released by lixiviation into water of breeding boxes. 
The contaminated leaves show some phenomenons of growth as well as pigmentation dis
turbances of leaves, the severity of which grow with time and the rate applied which 
may result in death of the plant. The physiological disturbances affect not only the 
phenomenons of cellular elongation and partition, but also the inductive mechanisms 
of the birth of the new tissues of the leaves from the lower meristem. The consequen
ces of these phenomenons on Posidonia bed are then examined. 

INTRODUCTION. 
L 'herbier a Posidonia oceanica constitue 1 'ecosysteme le plus fondamental du 

littoral mediterranean au quadruple point de vue biologique, ecologique, geologique 
et economique (Cf. AUGIER 1985). Malheureusement les herbiers sont en regression de
puis de nombreuses annees et les causes de ce phenomena semblent en grande partie 
liees a la pollution croissante de la mer. Apres a voir examine la part de responsabi
lite revenant au mercure, aux tensio-actifs et aux borates (CRISTIANI et al. 1980, 
AUGIER et al. 1984,1987), nous avons etendu notre investigation aux peintures anti
foulingsae-la nouvelle generation a base de cuivre. 

METHODE. 
--L-a peinture "International leader", de grande diffusion, a ete utilisee. Elle 
contient 340 g/Kg de cuivre, 104 g de TiO,, 1,7 g de CN, 175 ppm de Cd, 170 ppm de Pb 
et 0,03 ppm de Hg pour un liant de 156 g, des solvents de 233 g, avec 61,10 % de pig
ments totaux (poids frais). Pour simuler ce qui se passe en mer a proximite des co
ques de bateau, des plaques de PVC enduites d'une quantite connue de peinture (tabl. 
I) ont ete suspendues dans les bacs de culture. 

AQUARIUMS 1 2 3 4 

Surface des plaques (cm 2
) 40 2DO 600 2000 

Quantite de peinture en g. de matiere seche 0, 73 4,58 19,94 60,84 

Quantite de cui vre sur cheque plaque en g. 0,32 2,03 8,83 26,95 

Tableau I : Caractensbques des plaques de contam1nabon et gamme des concentrations 
--- en cuivre. 

Les experiences ant ete realisee<> dans une piece climatique regulee par un cli
matiseur reproduisant les thermo.(l7/iS°C) et photoperiodismes (8/I6 E) necessaires. 
Les plants de posidonies isoles et stabules sont plantes dans le sediment au fond des 
bacs (4 par bac). Cinq bacs en verre sont utilises : 1 'un pour les temoins, les au
tres pour 1 'experience d' intoxication, avec des taux croissants en cuivre. 

La mesure de la croissance des feuilles est effectuee par marquage au poingon au 
dessus de la ligule, au debut, puis a la fin de 1 'experience ( 66 jours). Le cui vre 
est dose dans les feuilles par spectrophotometrie d 'absorption atomique, apres mine
ralisation (MALAIYANDI et SARETTE 1970, CUMMONT et al. 1974). 

RESULTATS - DISCUSSION. 

Les croissances obtenues en milieu natural sur des plants marques et dans les 
bacs temoins sont comparables. 

Dans les bacs contamines, les plants montrent une inhibition progressive de la 
croissance des feuilles avec la concentration croissants en produi ts toxiques dans 
1 'eau ( tabl. I I). Les perturbations de croissance se portent non seulement sur les 
phenomenes de 1 'elongation et de la division 'cellulaires, mais egalement sur les me
canismes inducteurs de la genese des nouveaux tissus foliaires dans le meristeme ba
sal. On note, en effet, une inhibition progressive de la formation des feuilles ju
veniles qui est totale dans le bac 4 le plus contamine. On note aussi une modifica
tion pigmentaire des tissus foliaires par 1 'apparition de taches sombres dont le 
nombre et la surface sont proportionnels a la concentration en produi ts toxiques. 
L 'analyse des plants en fin d' experience montr.e en fin que le facteur de concentra
tion du cuivre, deja important pour les rhizomes et les ecailles (58 et 557) est 
particulierement eleve pour les feuilles, avec un maximum de 3 200 pour celles qui 
sont en plaine croissance. 

D'autres etudes devront corroborer ces premiers resultats avant d'extrapoler au 
milieu nature! les donnees experimentales obtenues en laboratoire. On peut cependant 
dire, des a present, que les peintures a base de cuivre constituent une menace po
tentielle dont il faudra tenir compte dans les mesures de sauvegarde des herbiers de 
posidonies. 

Temoin NF CT CH/F Bac 1 NF CT CH/F Bac 2 NF CT CH/f 

FA 12/2• 39,9 3,32 FA 13/5* 30,4 2,33 FA 13/6* 27,7 2,13 

Fl 39,0 7,80 Fl 38,3 5,47 Fl 24,1 4,01 

FJ 106,6 13,3 FJ 27,4 5,48 FJ 11,0 5,50 

Total 25 185,5 Total 25 96,1 Total 21 62,8 

Bac 3 NF CT CH/f Sac 4 NF CT CH/f 

FA 13/6* 27,3 2,10 FA 14/5* 29,5 2,10 

Fl 17,8 3,56 Fl 5 12,7 2,54 

FJ 8,2 2, 73 FJ 0 0 0 

Total 21 53,3 Total 19 42,2 

TABLE::AU II : Synthese des result.ats de la mesure de la croissance des feuilles de Posidonia oceanica (en 
~ulture, en fin d'experience (66 jours)a (Sacs 1, 2, 3, 4 =Sacs contamines par la peinture an

ti-fouling, fA, fl et FJ = feuilles Adultes, Intertnediaires, Juveniles, NF = Nombre de feuilles, CT = 
Croissance Totale des feuilles des 4 faisceaux, CH/f = Croissance Hoyenne par feuille en tenant compte 
des feuilles adultes qui n'ont pas pousse, 24 = 2 feuilles adultes qui n•ont pas pousse). 
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L-VIII8 
Variation et teneurs des metaux lourds 

chez certaines Algues sur Ia cOte Egeenne Turque 

S.TIJNCER 

Karadeniz Technical University, Faculty of Science, Biology Division, Trabzon (Turkey) 

Resume: 

Dans ces travaux nous avons dose les teneurs en m€taux lourds chez U .lactuca. 
~ida "En-ceremorpha linza ,Codium bursa,C .dichotomum,Halimeda tuna ,Pad ina pavonia, 
Dichyhotoma dichotoma 9 Zost:era marina et Posidonia oceanica r€col t€es dans les 
diffBrents secteurs du littoral turc. 

D'apr8s les r€sultats,les teneurs ne sent pas excessives sauf a' Karaburun(baie 
extBrieure d' Izmir) oU nous avons trouv€. chez certaines esoBces des. teneurs en Hp.: 
variant de 0.17 a 11.80 pg/g P.H. -

Introduction: 
Apr€.s a voir €tudi€ la disTribution des m€taux dans la zone littorale ,sur les 

organismes ,nous pr€sentons quelques r€sul tats sur les teneurs chez les algues dans 
17 stations(l,2,3). 

Materiel et Methode: 

Les algues ont €t€ r€col t€es par dragage et plong€e autonome sur une neriode 
de trois ans( 1982 a 1985). 

La determination de la teneur en m€taux a €t€ fait par 1 'AAS avec flamme et le 
mercure sans f1amme a 1 'aide du kit Modele 64 As/Se/Hg ( 4). 

Resul tats and Discussion: 

Dans 1e tableau I les teneurs chez les esp€ces varient de l' une a'- 1 'autre~ 
1 1 accumulation en Fe est maximale et minima1e en Hg (en dehors des especes :Drovenent 
de Karaburun). 

Les pr:€1Jvements de ~ pendant 1 'ann€e 1985 sur 1a cOte Egeenne mont~ent une 
valeur minima1e a' Canakkale en Hg(0.03 pg/g P.H) puis a' Bodrum en Cd(O.l pg/g P.H}. 

D 'apr8s les r€sul tats il a 8t€ trouv€ une progression parmi les teneurs: 

r? gJ> ~9>-.~Hg 
et une valeur moyenne en Zn 72 pg/gP.S et en Fe(0.99 pg/g P.S) chez!! lactuca. Ces 
resultats coincident avec ceux de Ozsoz,Erdin(1983) et Guner et co1l. ,(1987) pour 
U .rig ida prBleve dans le Golfe intBrieur .Chez Z .marina ll y a une tendance a' 1' ac
cumulation en Fe( 7). 

Si les r€sul ttats de ces recherches sur la cSte turque chez les BtudiBes ~ 
sont tol8rables, ll n' est de m€me avec le cas de Karaburun qui si tue dans la 
baie ext€rieure effet chez .E.:.pavonia ,D dichotoma ,E linza ,C .dicho-romum, 
P.oceanica et Z.marina 1 'accumulation de Hg varie de 11.80 a 0.17 pg/g P.H. 

Tableau I. Concentrations des m8taux chez certaines Il faudrait faire une etude 
algues sur la cOte Egeenne Turque. plus complete pour etablir 

* Cone. au-dessous du seuil de d8terrnination. l 'accumulation du Hg chez 
les especes precedentes et 

Fe Zn Cu Pb Cd _1£_ d 'autres existant dans cette 
U.lactuca 79.0 77.0 0.60 0.50 0.04 merne loca1i te . 
G":Inter. 
E.linza 

124.0 12.50 4.50 5.80 0.09 
References: 

G.Inter. 
U .lactuca 

136.0 8.30 2.00 1.20 0.05 
l.UYSAL,H. ;TUNCER,S. ,(1982)-

Narlldere VI. Journ. Etud. Poll. 
E.linza 56.0 11.40 1.25 1.80 0.10 0.02 

CIESM. 
Narl1dere 
U.lactuca 

2. UYSAL , H. , TUNCER, S. , Y ARAMAZ , 

~ 
63.0 14.30 1.40 1.00 o. 24 0.005 0., ( 1986) -XXX .Conp.. 

H. tuna 
Ass. Pleniere. 

u;:;ra- 193.0 9. 20 1.60 7.40 0.50 
3. TUNCER,S. , YARAMAZ ,0., ( 1986 )-

U.rigida 
24.0 9.60 0.60 0.45 1.00 

XXX .Cong.Ass.Pleniere. 
~ 4. BROD:i£ •. ,0979)-Conf.Analy. 
E.linza 
Karaburun 

90.0 6.00 0.50 0. 90 0. 05 1.38 Chern. Spectr .Cleveland. 

C .die hot. 
90.6 3.50 0.35 0.75 0.08 0.82 

f,. OZSOZ ,S. ,ERDIN ,E., (1983 )-
Karaburun II .Cevre Simp.i:zmir. 
C.bursa 

82.6 1.10 0.60 1.00 0.09 0.004"6.GUNER,H. ,AYSEL,V. ,OZELSEL, 
Ce9me S. ,SUKATAR,A. , ( 1987 )-
H.tuna 
Ce9me 

66.5 6.00 2.15 7. 70 0.60 Rev. Tnt. Oceanogr. Meil. 

E.linza 
2.8 5.00 0.20 1.15 1.00 

7. HULJEV ,D. J. , ( 1984) ~Thalassia 
GGmuldur Jugoslavlca. 
C.bursa 16 .o 1.10 0.30 1.20 0.06 
Gumuldiir 
P.pavonia 

295.0 22.40 0. 75 3.20 0.13 
Urla 
D.dichotona

178
_
0 

Urla 
70.00 3,65 16.30 2.50 

P .pavonia 280.0 7.50 1.00 1.65 0.20 11.80 
Karaburun 
D .dichotoma 165 . 0 
Karaburun 

18 .oo 0. 70 0.60 0.08 1.40 

P.pavonia 
360.0 14.40 l. 20 4.10 0.37 

GGmuldGr 
Z.marina 

lll.O 2.30 0.83 2 .oo 0.28 Narlldere 
Z.marina 

125.0 8.10 1.00 3.20 0.30 u;:;ra-
P .oceanica 

54.0 18.00 2.40 3.00 0.85 0.03 ~ 
Z .marina 

5 .oo 0.17 0.17 ~ 
P .oceanica 186 •0 
Karaburun 

42.50 7.20 10.00 0.40 0.45 
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Mercury distribution In the Aegean coast of Turkey 

S. YEMENICIOGLU, A. YILMAZ, 0. BASTURK, C. SAYDAM and I. SAUHOGLU 

Middle East Technical University, Institute of Marine Sciences, 
P.O.Box 28, 33731 Erdemli-lcel (Turkey) · 

ABSTRACT 

The surface sea water and sediment samples collected from 

Aegean Sea were analyzed for their total mercury content. In 

total four cruises have been carried out in the Aegean ·Sea 

during 1987 with the research vessel R/V BILIM which belongs 

to Middle East Technical University Institute of Marine 

Sciences. The overall avarage concentration is found to be 

19xll ng/1 with a range of 4 to 57 ng/1. The possible land 

based sources were also searched and found that the rivers 

draining the extensively cultivated and mercury mining area 

of the Western Anatolia are primary source of the mercury 

input, i.e. mercury concentrations up to 73 ng/1 were 

measured in the regions receiving river discharges. 

Sediment samples collected from different locations of the 

Aegean Sea were analyzed for their t~tal mercury content. 

Analysis results shows that the sea water quality is 

reflected in the underlying sediment. Biota analysed were 

Mytilus g~lloprovinci~lis and Mullus b~rb~tus and the later 

one showed significantly higher mercury levels. 

L-VII110 

Sublethal effects of Zinc on the survival and the fertility 
of four successive generations of Tisbe Holothuriae 

c: 
! .. • .. .. c: • 1.1 c: 
D 
u 
I 
c: 
! .. 
~ • c: 

D. HARDOUVEUS 

University of Athens, Department of Biology, Zoological Laboratory, Athens (Greece) 

In this study we determined the survival and fertility of 
succesive generations of the harpacticoid copepod Tic~e holothu
riae,after exposure to three sublethal concentrations of zinc 
(0.07 0.01 and 0.007ppm Zn>. 

The experiments carried out in the laboratory, under a set of 
controlled conditions : temperature 18~0.5 C, 387-.salinity and a 
photoperiod of 12h light, 12h darkness. 

Statistical analysis of the results was performed by the 
paired t-test and the linear regression analysis. 

Concentrations 

0.07 ppm Zn 0.01 ppm Zn 0.007 ppm Zn 0.00 ppm Zn 
===================================================================:=.======:-:.: .- .-.: 

~ . ~ ~ ~ 

7
.
6

1+
2

•
71 

/)79.20 N /165.70 N ,,72.90 N ,.•51.66 N 

n ""
20

.
60 

c 1.16±1.02'1
4

.
30 

c 1.75±0.69.."!!
7

•
10 

c o.61t0.56\
6

.
34 

c 

:! 
0 
;l F2 
Cl 
I. 

i 
t!> 

F3 
7 66.60 N /'52.17 N /41.50 N 

1.29±0.79'\, 1.51±0.70, 0.56+0.25, 
11.20 c 47.63 c '56.50 c 

F4 
Jl5.40 N _,,64.26 N ,.A9.95 N 

6.46!2.43"14.60 c 1.04!0.45,,35.72 c 0.53t 0.2\S0.05 c 

Table 1. Percentage mortality for each generation of 
T.holothuria• at different concentrations of zinc. 
Percentage contri•bution to mortality of nauplii (N) 

and copepodits <C>. 

For the.0.07ppm Zn, concentration equal to 1/10 of the LC50 
(48h), population size is reduced to zero after the first 
generation , whereas population size of the fourth generation is 
not affected for a concentration of 0.007ppm Zn.The highest 
mortalities were noticed at a concentration of 0.07ppm Zn for the 
first generation and at a concentration of 0.01ppm Zn for the 
fourth, while nauplii proved to be more sensitive than copepodits 
(TAb. 1.) 

Egg-sacs 

···········-··············-····-··-······························ 2 3 4 ~ 6 

F1 0,070 3.6+0.5 2.1+0.6 0.4+0.1 
F1 0.010 25.3+5.8 19.5+4.0 18.8+4.~ 11.7+3,1 4.~+1,0 1.3+0.~ 

F2 0,010 19.6+4.8 5.6+2.5 3.4+2.5 2.1+0.8 0,7+0.3 
F3 o,o1o 6.6+2.7 4, 7+1.8 2.8+1.~ 1.1+0.~ 
F1 0,007 35.2+8.5 35.0+5.1 31.2+7.1 25.6+6.2 14.8+3.4 3.7+1.5 
F2 0,007 15.4+4.7 10,9+3.0 6,4+2.7 4.4+1,6 2.1+0.6 1.4+0,4 
F3 0.007 24.2+5.6 16.9+3,5 12~ 1+3. 7 5.6+0,8 
F1 0.000 41.9+8,0 36.6+6.1 28.5+7.1 26.8+5.6 14.3+3.5 8.9+5.4 
F2 0,000 21.5+7.0 20.6+5.6 19.4+4.1 15.3+2.1 8.7+2.0 6.3+1.0 
F3 0.000 21.9+2.0 21.9-t3.5 20.7+5.1 16.5+4.0 12.2+2.1 10.9+3.5 

Ll 
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Table 2. Percentage of the population producing egg-sacs for each 
generation at the different concentrations. 

Increasing the metal concentration from 0.000 to 0.07ppm Zn 
the percentage of animals with egg-sacs were decreased.(Tab.2.) 

At 0.07ppm Zn concentration, only the 0.387. of the population 
produced a third egg-sac whereas of the other concentrations, 
greater numbers of animals produce up to 5 egg-sacs. 

Fur,hermore the percentage of the population producing egg
sacs decreases from generation to generation at the 0.01ppm Zn 
dose, something that is not observed for the 0.007ppm Zn dose and 
for the control dose (O.OOppm Zn.) 

The results of this study show that zinc continues to be 
toxic not only at high concentrations (3), but also at certain 
sublethal concentrations and especially after prolonged exposure 
of the population to the pollutant. 

The basic effect of heavy metals on marine animals probably 
involves the inhibition of different enzyme systems.(2). 

Furthermore laboratory studies have demonstrated that larval 
stages of marine invertebrates are more sensitive to metals than 
the adults.(1). 

Knowledge about the possibility of Tisbe to grow normally at 
different sublethal concentrations is very important, because it 
allows a deeper understanding of the disturbance caused by heavy 
metals in the ecosystem. 
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L-VIII11 
Some heavy metal contents in the marine environment 

along the Romanian Black Sea Coast 

Radu MIHNEA and loan PECHEANU 

Romanian Marine Research Institute, Constantza (Romania) 

Between 1982-1987 a rather large quantity of data on the presence and 

content of heavy metals in the three major components of marine environment

- water, sediments and organisms - was accumulated (PECHEANU, 1982; PECHEANU and 

MIHNEA, 1986; PECHEANU and VELESCU, 1986). 

The aim of this paper is to shortly present the variation range, spatial 

distribution as well as the determining factors on heavy metal dynamics along 

the Romanian coastal waters. 

Water, sediments and organisms samples were collected from different areas 

in the shallow zones under the anthropic influence along the Romanian Black Sea 

coast. In order to avoid contamination they were preserved in plastic bags or 

bottles. 

Metallic ions in sea water were determined after a previous concentration 

and extraction with APDC and MBIK. 

Surface sediments were collected by means of a Van veen sampler and 

organisms by fishing nets. After preliminary processing operations samples were 

digested in HN0
3 

acid. 

Heavy metal content was determined in ai:r--acetylene flame by an atomic 

absorption spectrophotometer PY8-UNICAM 2900 with double beam. 

In the table the lower and the upper limits for each metal in the three 

components between 1982-1987 are presented. 

As can be notices from the table there are relatively low values for marine 

water in comparison with those published concerning other areas. 

In the sediments the highest content was determined in samples oollecteci 

in front of the Danube Delta (IV~, followed by those inside the Constantza 

harbour (III) where different impurification sources are present. Industrial 

waste waters contain heavy metal quantities which are found in the nearby 

sediments (II). The lowest values were found in the samples taken from domestic 

waste water influenced area (I) because o:l!' the their origin and composition. 

Concentrating ability of eeeeile organisms (mussels) in comparison to 

migratory ones was proved. 

A comparison of our data even the higher ones (IV, III sediments and 

mussels) with those mentioned by other authors from different areas of world 

ocean pointe out that there is not a heavy metal pollution in the Romanian 

marine waters yet. 

==z:.:e=c.w:m:s=-=z=;;c::=c:a=:=e:-=::===•=c:•cs=c=:=;::;====:===-... =:::c;;::===========:r===========mctt=l:Z:;;CIIID:s•• 

~ 
__ Pb __ __ Zn __ Cd 

Marine water f-811 
1982 - 1985 ND- 7 ND- 13 1- 91 ND- 2 

ig/g 

I 2- 12 4- 13 12- 35 ND- 0.4 
Surface II 3- 69 6-44 22 - 171 
sediments III 32- 47 48- 51 109 - 120 1.8 - 2 
1982- 1984 IV 108 78 154 3 

~ 'i 
0.6 - 98 

Mussels ;~~ : 1- 2 ~ .J!..=.A1_ 
~ 208 - 308 3- 5 

rfg w.v. 

~ 
Sprat 

Organisms Anchovy 1- 2 0.3 - 0.5 15- 213 0.04 - 0.13 

1982-1987 
Horse makerel 
tlhiting 

================::::================================================================ 
ND - not detected 
I, II, III, IV - areas under anthropic influences 

• G.Munteanu and I.Pecheanu personal communications 
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L-VIII12 
Chlorophyll i!. in the Romanian inshore Black Sea area 

Pia Elena MIHNEA 

Romanian Marine Research Institute, Constantza (Romania) 

ABSTRACT: Chlorophyll _s concentration as an eutrophication degree 
indicator, in the Southern part of the Romanian inshore is presented. 

One of the most important . effect produced by pollution was the 
high eutrophication (injlg at 1-11 P-P04 = 0.03-125;N-N02 = 0.01-4.5; 
N-No3 = 0.47-90; N-NH4 ::: 0.2-19; Si-Si03 a 0.55-305) that permitted 
mass algal growth or heavy blooms (up to 422xl06cell 1-1). The phyto
plankton density is not a complete indicator af the eutrophication as 
the community can be represented by micro- or ultranannoplankton and 
thus, the biomass could be different for the same number of cells. We 
need useful information to describe not only the number af cells but 
the photosynthetic capacity, too. Rather :few data on chlorophyll ll. 

concentration for the Black Sea were available (BOLOGA and cowork., 
1985). The present paper is based on 1,126 samples, employing SCaR 
UNESCO standards for chlorophyll ll. analyse (Table 1). 

~!~!===!=~~~:~;~;;;=~==~~==~!~!!!~~-!~:!~=~=~!~:==~=:=~!~t..~=~ 
Year Size Min. and max. n X q"2 SD (q') 

r~me;e 

0- 1 0.03- 0;88 57 0.50 0.08 0.28 
1983 1- 5 1•02 - 4.86 86 2;41 1;01 LOl 

5 - 10 5-13 - 9·77 23 6•99 1;80 1.34 
,;;:.. 10 10.35 - 185.32 55 34.61 1;285-30 35.85 

0- 1 0.10- 1;00 68 0;55 0;06 0.24 
1984 1- 5 1;01- 4.78 90 2>14 1•09 1;04 

5 - 10 5.08 - 9·99 24 6•96 2o39 1•54 > 10 10.33 - 49·68 34 21.10 105.71 10.28 
0- 1 >O 1.00 182 0.43 0.07 0.26 

1985 1- 5 1•03 - 4<82 155 2;03 0;94 0;97 
5- 10 5-02 - 9•45 21 6;56 lo57 1:25 

.:::. 10 10.33 - 62.50 30 20.?9 168.68 12.99 
0- 1 0;12- 1;00 35 0.57 0.06 0.24 

1986 1- 5 1.;02 - 4•70 39 2.45 1•22 1.11 
5 - 10 5-17 - 9·94 21 7·55 2.84 1.69 
> 10 10.06- 59·34 105 25.47 154.14 12.41 
0- 1 0.09 - 0>99 14 0;48 0.09 0;31 

1987 1- 5 1.02 - 4.88 33 2.61 1.49 1•22 
5- 10 5.21 - 9·35 11 7.32 1.65 1.28 
~ 10 10.32- 86.91 43 23.72 375·09 19.37 

~·==•=====:r•===•========m===================•=•:r:a:==========:::r•======-== 

During 1983-1987 thirteen hydro-biological stations were sampled 
monthly intervals from February to October,at the surface, 5, 10, 20m 
depth, on the 5, 10, 20 m iaobathes as well as a control area 10, 20, 
30 Nm from the coast,at tl-.3 surface,5, 10, 20, 30, 40 and 50 m depth. 

The minimum and maximum determined values ranged between more 
than zero and 185.32 Jlg 1-1• The distribution of values was (in 

Jlg l-1h}l.6V'. 0-11 35-79% = 1-51 8.8~"' 5-10; 26.}8%. 10-185.32· 
According to MAROHBTTI (1984) the mentioned concentration limits of 
this pigment fit to the oligo, mezo, eutrophic and hypertrophic 
waters. The values from more than zero to 5 were characteristically 
for deeper or offshore zones as well as for all studied area after 
strong winds that removed inshore sea water and brought instead of it 
clean and poor one. In 35·2~ of samples chlorophyll ~ concentrations 
was bigger than 10 Jlg 1-1 , they usually were found in nearshore, 
surface (0-10 m), or during blooms phenomena. No strong positive cor
relations between phytoplankton density and chlorophyll~ levels were 
observed but there is a tight relation between this pigment concen
tration and both taxonomical structure and physiological state of the 
community. 

It follows therefrom thatl 1) anlorophyll ~ concentration could 
be considered a good global indicator of the trophic potential of a 
zone1 2) the nearshore area exhibit the tendency to eutrophic and 
hypertrophic conditions in comparison to the offshore which evolved 
to mezo and eutrophic ones. 

Rl!lFERENCES 

1. BOLOGA A.S., BURLAKOVA Z.P., TCBMIR V.D. and KHOLODOV V.I., 1985-
Distribution of chlorophyll ll,, phaeophytinll, and primary 
production in the western Black Sea (May 1982). Cercet.M~ 

IRCM, ;},~1 97 - 115. 
2. MARCHEl'TI R., 1984 - Quadro analytico complessivo dei resultati 

delle indangini condetto negli acquae costiere dell' Emilia 
Romagna 1 situazione e ipotesi di intervento. Regione 
Emilia - Romagnaa 310 P• 

3· SCaR UNESCO, 1966 - Determination of photosynthetic pigments in 
sea water. Publ. by United Nations, Montreux1 1 - 69. 

Rapp. Comm. int. Mer Medit., 31, 2 (ll}88). 

159 

• 



• 

L-VIII13 
Trace elements In Mytllus galloprovincialis LMK 
from Sozopol area (Bulgarian Black Sea Coast) 

S. STAMOV' and S. ZLATANOVA*" 

• Department of Analytical Chemistry, Higher Institute of Chemical Technology, Bourgas (Bulgaria) 
•• Fisheries Institute, Bourgas (Bulgaria) 

In.troduc tion 

During the period J:985-I987 trace elements (Cu, ZD., Cd, Pb, llg) 

were detennined in Nytilus gall.oprovincial.is Imk from Sozopol. 

aarea. The study was carried out to detennine the good sanitary 

condition of the experimental. mussel. culture and in accordance 

with a programme for biological monitiring. Hodern high sensiti"" 

Ve analytical. methods were applied. 

Mat.erial.s and methods 

The study included both cultivated (suspended culture} and 

bottom mUssels from the same area. After preliminary processing 

(I) a definite quantity of the soft tissues was dried at I05°C. 

Then it was digested with HN0
3
/H

2
so

4
jHCl0

4 
or trace metals were 

extracted 1'rom the sulfate ash ( heated at 500°C), in addition 

of' HCl. The dilutions obtained w.ere analysed through AAS - for 

Zn~ Cu and Hg (cold vapour method) and anodic stripping vol.tamh 

metry, ASV (2..) - for Cu, Cd and Pb. Means of' some d.eterm.inations 

obtai.n.ed are given in Table I. 

Table I. Trace elemen.ts in M;rtilus galloprovincial.is Imk,. 

So-zopol. area, I985 - :I987 

Date Average concentrations ~g.g-I dry 
Pb Cu ZD Cd Hg 

weight/ 

I985/IU 4.9 ).8 32.I 0.2..5 o.ors 

IV 2.9 4.) 40.3 O.I7 O.OI7 

v 2 •. 8 I.5 35.7 0.38 o.OI7 

X 2.6 2...6 42...0 0-.22 O.OI8 

I96#)/III 3.8 I0.6 2'./.2.. O.JI O•.OI9 

v 2....I 7.9 22...3 0.39 o.o2a 

XI 2.I 8.4 I2...8 0.020 

I987/ I 2.4 I.J 22.2 o.65 O.OI9 

IV 2 .. 5 :r.4 2:[.6 0 .. 77 o .• ozz 
v 2:.3 o.s. 2B.4 0·.90 o.o120.-

X 2.:n I •. o 2I.J 0.7I 

Results and discussion 

AA8-determination of Cu- and Zn-concentrations in both dry ash 

and wet. mineralized samples of }!ytilus gal.J.oprovincial.:is Imk 

shoved good agreem.ent. with error of each determination within 

the method J.~tations. The ASV-m&thod allows quantifying O.I

IO ppm. Cd., Pb and Cl.t in hydrob:i.onts, with relative staildard 

deviation of 8-IO% (n=5). 

The average valwes for trace elements in the cultivated 

mussels coincide with thoae £or the bottom mussels. In spring 

(March and April.) higher concentrations of' Pb and Cu were 

determined related to the specific physiological. condition and 

increased metabolism of' mussels f'oll.owing the increase of' sea 

water temperature. 

Increased cu~concentrations were determined in :I986, and Cd- in 
I987, most probably due to further coastal po-llution. Neverthe-

less the values obtained are less than those cited for s~~ilar 

studies along the Italian and French Mediterranean coast (J). 

Hg- concentrations are constant during the whole period of 

investigation and less than the standard Bul.garian. sanitary 

r equ:Lrem en ts. 
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L-VIIII4 
ANTIMONY IN SEAWATER AND SEDIMENTS FROM SARONIKOS AND ELEFSIS GULFS, GREECE 

A.P. Grimanis, N. Kalogeropoulos*, M. Vassilaki-Grimani 
Radi oanal ytical Laboratory, Nuclear Research Center "Demokri tos", Athens, Greece * Present address: National Centre for Marine Research, Athens, Greece 

Antimony was determined in seawater and sediments from Saronikos and Elefsis 
Gulfs, Greece, by Instrumental Neutron Activation Analysis • In Saronikos Gulf, 
elevated concentrations of total, dissolved and particulate Sb in seawater and 
total Sb in the silt-clay fraction of sediment cores, were found near the Athens 
Sewage Outfall <ASOl and close to a Fertiliser Plant <FPl outside Piraeus Harbor 
if compared with those found from stations several miles offshore. In Elefsis 
Gulf, slightly increased levels of dissolved Sb in seawater and total Sb in 
sediment cores were observed. In general, at a distance of 3-5 Km from the pol
lution sources, Sb concentrations reach those of the unpolluted pelagic waters 
and sediments. The predominant form of Sb in seawater is dissolved Sb <85-907. of 
totall. The Sb vertical distribution in polluted sediment cores -very similar to 
that of arsenic- is evidence that redissolution and upward migration of these 
elements may take place in organic rich anoxic sediments. 

INTRODUCTION 

Antimony is one of the less studied trace elements in the Mediterranean 
although it is known to be solubilized from the sediments under reducing condi
tions and it has biological significance since it forms organometallic compounds, 

Saronikos and Elefsis Gulfs receive wastes from the most industrialised and 
heavily populated Greek regions. These wastes contain,. among other pollutants, 
big quantities of heavy metals. 

The objective of this study was to investigate the distribution of Sb in 
seawater and sediment cores in polluted and unpolluted areas of N. Saronikos and 
Elefsis Gulfs and to establish typical background values of this element in 
seawater and sediments of the specific marine environment. 

MATERIALS AND METHODS 

Sampling: Seawater samples were collected from 35 stations <Fig. 1l during 
March, July, October 1984, November 1986, and February 1987. Sediment cores 
were collected from 18 iitations <Fig. ll. Details about sampling and pretrea
tment of samples prior to analysis are given elsewhere (Grimanis et al. 1985). 
Methodology: Antimony was determined in all sa.ples by Instrumental Neutron 
Activation Analysis <Grimanis et al. 1985), 

RESULTS AND DISCUSSION 

Seawater: Higher concentrations of antimony were found in the visinity of ASO 
and FP <Tab.tl. The Sb concentrations decreased with distance, reaching values 
that are compar~ble with those reported for clean coastal waters, at a distance 
of 3 km <Tab.ll. Typical Sb concentrations for open Saronikos waters (results 
from the analysis of 70 samples) are: 0.29±0.11 IJg/1 for total, 0.26±0.10 IJg/1 
for dissolved and 0.03±0.01 IJg/1 for particulate Sb. In the water Sb was found 
to .remain constant or to decrease with depth in most cases. A slight increase in 
Sb levels was observed in Elefsis Gulf's waters (see Tab.ll. 

Sediments: Highest concentrations of Sb were found in sediments affected by the 
FP wastes ( 14-102 !Jg/g , 30-208 times higher .than the background values). 
Elevated concentrations of Sb were found in the visini ty of ASO <6.6-32 IJQ/g, 
15-65 times higher). At a dist;mce of 3-5 km from the pollution sources, Sb 
concentrations reach values between 0. 48-0.90 IJQ/g (average 0. 73±0. 12 IJg/gl, 
which seem to represent the inner Saronikos gulf's background values. 

TABlE 1. AntiiCIIy tiiiCI!IItriltillls !pglll tn seHilter. SU.ers in 
pirl!lltheses indiut@ ;~veng@ values. 

IIR£A TOT Ill DISSILVED PART!ctlATE REfEIIEII:£ 

ASO, FP G./ID-1.40 0.50-1.0 0.11-9.40 This IOI'k 
U.OI (0.751 (0.25) 

Inner O.!H.5:i 0.15-0.48 o.ot-o.oa This IOI't 
Sirll!ikOS (0.291 !0.261 (0.031 

llihr 0.11-9.31 0.10-9.28 0.01-9.03 This IOI't 
Sir111itas 10.231 10.21) !0.02) 

!lest ern 0.15-0.44 0.14-9.40 0.01-9.03 Thi• IOI't 
Sirooikas !0.281 !0.261 (0.021 

Eirisis 6ulf 0.1H.B5 0.12-G.BO 0.01-G.O!i This IOI't 
!0.371 (0.351 !0.021 

Couh1,Jipill 0.1H.60 0.01-9.03 lialtdi (19751 

Sw!ich Inlet 0.11-9.16 n1!tJ1igible Blrtiftf! l 
Lft (1'1831 

N.Adri•tic 0.26-5.6 linncini l!t 
il. <1975) 

FI6URE I. Siip1ing shti111s. 
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For the open Saroni kos Gulf the Sb 
levels were found to range from 
0.30-0.60 IJg/g (average 0.43±0.13 
!Jg/gl. Sb concentration,. were 
slightly increased in sedi111e0ts 
from the Elefsis gulf (0.53-().96 
!Jglg, average 0. 74±0. 15 IJg/gl if 
compared with the open Saroni kos 
background values. In general, the 
antimony content of the offshore 
sediments was, in all cases, COIIpa
rable with the values of 0.43 -1.5 
!Jglg that have been reported for 
the open Aegean sea sediments 
<Angelidis, 1986). In contrast with 
other trace elements' distribution, 
Sb concentrations were found to 
increase with depth in the IIOSt 
polluted cores. The same distribu
tion pattern was found only for 
arsenic .in the same cores <Grimanis 
et al., 1984) and could be attribu
ted to a redissolution and upward 
migration of these elements in the
se organic rich, anoxic sediments •. 
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L-VIII1s 
Heavy metal concentrations 

contained on the sediment's surface of Algiers Bay 

A. CHOUIKHI, B. SEUALI and M. AZZOUZ 

Laboratoire de Chimie Marine, I.S.M.A.L., B.P. 90, Alger 1er Novembre (Algerie) 

INI!RODUCTION : The aim of this study was, to settle the level of the metals 
traces of the sediments surface of a zone put under in:fluencial anthropical 
activities. 

I/ Area-studied : The area observed as well as the stations taken are shown 
below. 

II/ MAi'ERIALS AND METHODS : Sedimentlil.f eapl.es were collected vi th VAN VEilN 
Grab in seven stations of .AJ.~iers 1 b~q. They had been put into plastic 
bottles and stored at - l(c until ready for diagnosis. Moreover, after had 
been dried by sublimation (at- 40•c, 0.1 BARS) for two dlqs ; the sediments• 
samples were crushed into a porcelain mortar. One gramme of that was taken 
and put into solution per attack to the aqua.-regia water (3v. HC1 at 35% + 1v. 
HN03 at 65%) during two hours at 80°C under a :flo~-back col~. 
The atomic absorption spectrophotometry is used to determine the metals. 

III/ RESULTS AND DISCUSSION r High concentration of heavy metals (table 1) 
where observed near river-aouth of El-Harrach. These concentrations fall to 
a lower level to up to a distance of one kilometer. Lead and meroury gradient 
from the river-mouth of El-Harrach up to then part's plants showed a conside
rable increase. These high sedimentary levels are probably dues, in a part, 
to the pollution xaused by the factories implanted in Algiers and its se=oun
di.ng, to the intense activity of -tors finally to then pou=i.ng of imPllrS 
waters. 

METALS Zn Cu He Ctl l'b 
STATIONS 

[ 1 105.50 j2.6 5·35 3·42 10.62 
2 107.95 j3.0 5·48 3·10 10.17 
3 137·55 31·4 8.67 1.36 12.38 
4 115.95 40.1 8.55 4.28 11.07 
5 108.95 36.7 4·48 5.j3 8.16 
6 156.95 38.2 3·40 6.40 13.69 
7 139.85 j9.1 3·56 7.20 15.51 

TABLE 1 Trace metals on surface sediments• of Algiers 1ltay (ug/g) 

The iata obtainei iniieate tlaat tlle aTSrage pellution level of the 
Algiers' Ba.y seiiaeat, by the heavy metals stuiies is relatively low to 
comparei to other areas in the meiiterranean sea. (Table 2). 

Cempared to the results obtained in the western mediterranean, 
the extents of pollution are approximatively half lower however they start 
to present critical aspects. 

METALS Zn Cu :8€ Cd Pb REFERENCES 

STATIONS 

Coast of Romania 4- 0.48- 1.6- ProllEANU 
44 9.72 23.4 1983 

Abu-Kir ~ 9- 0.8- 14.1 SAAO et al. 
Alexandria 760 91 1981 

Golf of Veneta 48- 34- 0.3- 5- ANGELA et 
450 31 5·3 5·54 al. 1981 

Ebro 32.8- 7.9- 0.16- 22- LEON et al. 
180 21.5 0.37 48 1983 

Occidental 257 51.5 0.57- 32.8 ABNOUX et al. 
Medi te=anean 16 1982 

Table 2 : Trace metals on surface sediments (~g) 
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L-IX1 
Metal pollution in the Argostoli Bay, 

Cephallonia Island, Greece 

A. PANAGos•, S. ALEXANDROPOULOu•·, S. VARNA VAs·· and S. AGIORGITIS• 

• Department of Geology, National Technical University of Athens (Greece) 
•• Department of Geology, University of Patras (Greece) 

INTRODUCTION 

Surface sediments from Argostoli bay have been analysed in bulk 
by Inductively coupled Plasma for Pb, Mo, Zn, Cu, Ni, Cd, Cr, V, Mn, 

~~i~~d t~ 1 ~n~~~s~:~p~=~b~~~~e~e:~r=u~1~~;~~n;~ ~~i~~-=~~~~~C!~id ai;:~~ 
and organic carbon by titrations (Method K2Cr 2o 7Fe ( NH 4 ) 2 · (SO 4 ) 2 · 6H 2o I. 

RESULTS AND DISCUSION 

Of the metals examined Mo, Pb, Cr, Ni, Co and Zn were found to be 
enriched relative to normal shallow water sediments their degree of en
richment being decreased in the following order : Mo>Pb>Cr>Ni>Co>Zn. 

Manganese, V, Ni and Co follow Al and Fe in their areal distribu
tion suggesting their association with the clays. However, V/Al, Ni/Al 
and Co/Al ratios at a number of stations are much higher than the ave
rage ratio given for near shore sediments. It is therefore concluded 
that a portion of V, Ni, and Co is held at adsorbed sites in the clays. 

On average the concentrations of v, 
~:::·:·.::... Ni, and Co are lower than those repor

ted for other Greek semi -enclosed em
bayments (1). 

Lead varies between a few ppm and 
206 ppm. tt'he latter value was found in 
the Argostoli embayment and is close 
to the maximum concentration of Pb re
ported for the Thermaicos bay(2).The lo
cation of the highest values of Pb 
would suggest that they should be re
lated to the dissemination of oil in 
sea from the oil tanks occuring at 
the eastern coast (Fig. l). Elevated 
values of Pb ( 68 ppm) are also found 
at the eastern coastal zone of the 
embayment and they should be due to 
the discharge of domestic sewage from 
the town of Argostoli. At the port of 
Lixouri Pb is 32 ppm while in the rest 
of the bay is below 30 ppm. 

Molybdenum varies between l ppm 
and 43 ppm. Its highest values were 
found at the inner part of the Argo
stoli embayment and they decrease to
ward the outer and deeper parts. Its 

L-----------------~~----j areal distribution is generally simi-
F i '3· ·1 lar to that of organic carbon with 

which it shows a strong positive correlation (r = 0.80). The highest 
value of Mo found here is greater than the average value given for 
near-shore sediemnts (3).However it is lower than that found in the Na.
varino and Ithaki bays (4,5). 

The highest values of Cu and Zn are found at the outfalls of do
mestic sewage of Argostoli and Lixouri and generally follow organic 
carbon. In the rest of the bay cu.anil Zn tend to increase in the deeper zo-

nes and they show an inverse relationship with the mean grain size of 
the sediments. The highest concentrations of Zn found in the Argosto
li bay is greater than its average concentration in near-shore sedi
ments and is similar to those reported for the Messolongi lagoon. 

Cadmium in most of the sediments is below o.5 ppm except for 3 
stations where it reaches the value of 1 ppm. One of these stations 
is·. also characterized by high concentrations of Pb and organic carbon. 

The areal distribution of Cr, is similar to that of Ph except that ele
vated concentrations of Cr are also found in the deeper parts of the bay. 

Organic carbon varies between 0.04% and 6.20%. Its highest concen
tration are found in the inner part of the Argostoli embayment and the 
port of Lixouri, where the domestic sewage of the two towns are dis
charged. Elevated values of Corganic also occur near the oil tanks e
xisting on the easter coast of Argostoli embayment. Very low 
values occur along the western coasts of the area studied. 

A negative correlation exists between the concentration of organic 
carbon and the mean grain size of the sediments, probably as a result 
at its oxidation in the coarser sediments dued to the greater porosity. 
The greatest values of Corganic are of the same level with those repor
ted for the Navarino and Ithaki bays. 
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L-IX2 
Teneurs metalliques de sediments marins superficiels 

de Ia zone septentrionale du canal de Corse 

Y. THOMMERET et R. VAISSIERE 

Centre Scientifique de Monaco, 16 boulevard de Suisse, 
98030 Monaco Cedex (Principaute de Monaco) 

Des sediments marins superficiels ont ete preleves de 1984 a 1987 
dans ooze stations (L, T1, T2, 2, 7. 8, 9, 202, 302, 402, 502) de Ia zone 
septentrionale du canal de Corse, situees de part et d'autre de l'ax~ cap Corse
ile de Capraia entre -100 m et -500 m (figure), pour determiner les teneurs en 
cadmium, mercure, cuivre, plomb, zinc et Ia granulometrie. 

Les dosages des metaux ont ete effectues par spectrometrie 
d'absorption atomique sur des niveaux regulierement espaces des carottes 
(apres sechage a 50°C et digestion des sediments bruts dans l'acide nitrique 
concentre). 

Position des stations 

Les sediments issus de -100 m (station 2) tres carbonates, 
constitutes de 92 % de fractions granulometriques > 63).lm ont les teneurs les 
plus faibles de Ia serie. Elles soot en moyenne, par gramme de sediment sec, 
egales a 0,04 !J9 de Cd, 0,06 ).19 de Hg, 5 J..l9 de Cu, 14 J..Lg de Pb, 46 ).lg de Zn. 

Pour les sediments vaso-sableux preleves a -300 m, composes de 55 
a 65 % de fractions granulometriques > 63 ).lffi, les teneurs soot de l'ordre de 
0,11 ).19 pour le Cd et le Hg, 16 J..l9 pour le Cu, 17 ).19 pour le Pb, 62 ).19 pour le 
Zn. 

A -400 m et -500 m, les teneurs des sediments oscillent de 0,13 a 
0,21 ll9 pour le Cd, 0,16 a 0,26 ll9 pour le Hg, 20 a 32 ll9 pour le Cu, 16 a 26 ll9 
pour le Pb, 75 a 95 ).19 pour le Zn. 

La repartition verticals des metaux dans les sediments preleves dans 
cette partie de Ia Mediterranee, eloignee des zones d'apports d'origine 
anthropique est relativement uniforms le long des colonnes sedimentaires, les 
teneurs les plus faibles se rapportant aux sediments de -100 m et -200 m. 
Les niveaux superieurs des sediments n'ont pas revele d'augmentation marquee 
des teneurs metalliques. Aucune variation temporelle significative des teneurs 
metalliques n'a ete mise en evidence dans les sediments de trois stations 
(L,T1 et T2) preleves de 1984 a 1986. 

Pour !'ensemble des sediments de Ia zone septentrionale du canal de 
Corse analyses, les teneurs metalliques (par gramme de sediment sec) toutes 
granulometries confondues varient de 0,04 a 0,27 ).lg pour le Cd, 0,04 a 0,29 ll9 
pour le Hg d'une part, de 5 a 32 ll9 pour le Cu, 6 a 31 ll9 pour le Pb d'autre part, 
et de 40 a 102 ).19 pour le Zn. Ces teneurs correspondent aux valeurs trouvees 
par differents auteurs ·et considerees comme bruit de fond geochimique du 
milieu naturel. Elles indiquent que ces sediments du canal de Corse ont une 
origine biolithogenique et ne soot pas affectes par des apports anthropiques 
recants. 

ARNOUX (A.), FERNEX {F.), THOMMERET (Y.) et VAISSIERE (R.), 1986.- Causes 
probables des fortes concentrations en Cu. Pb, Zn dans les sediments de 
Ia plaine de Ia Mediterranee occidentale., Rapp Com lot mer Medjt , 
Volume 30, fascicule 2, p. 260. 

VAISSIERE (B.), BEZARD (D.), BOISSON (M.), THOMMERET (Y.) et VEGLIA (A.). 
1987. - Rapport sur !'evolution de systemes ecologiques de part et 
d'autre d'uo detroit. Contra! CEE-CSM no ENV-500-F (SO), 98 p., 39 fig. 
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L-IX3 
Total and methyl-mercury in some commercial Fish species 

from wider region of Middle Adriatic 

162 
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A B :3 T !l A C T 

lt is wE:ll known that mercury is an accumulative tra.ce e:lemtn~ ... 
i.e. th.c body conGentrations of mercury increase with age of the 
specimen. There are large numbers of total mercury levels in 
edible maxine organisms in Mediterranean (ref.ll. llespitEo its 
great importance for better understanding of the distribution of 
mercury concentrations in seafood. a few data exist on orgal!i<~ 
mercury in sea organisms ( in which tissues mercury appears t0 
exist largely as methyl mercury ). 

Lack of age or size data for specimens made impossible an 
accurate comparison of the mercury levels in individual species 
from different locations and a prediction of the possible mercury 
levels to be expected in various seafood, respectively. 
In this work, for mercury analysis we have chosen three commercial 
fish species ( striped mullet-Mullus barbatus. hake-Merluccius 
merluccius,sea bream-Pagellus erythrinus ) caught during 1987 on 
the wider region of open waters of middle Adriatic ( Fig.l ). 

J1 ~•r+.uu~ 

!1 .... f"IUI..Cllol~ 

~~P.er-ythriniiS 

qs \0 ppm 

qs 1,0 

qs 1,5 

qs 1,0 \5 ppm 

Fig.l Sampling locations with shematic presentation of total 
mercury in some fish species 

Along with basic morphometric parameters (length and weight) 
concentrations of total and methyl mercury in homogenate of the 
fish fillets were determined ( by CV AAS and GC-ref. 2 ) and 
percentages of methylation were calculated. 
Apart from the relative distance of all investigating stations from 
obvious pollution sources, surprasingly high mercury concentrations 
in sea bream and striped mullet were detected in the southeastern 
part of Adriatic ( Table 1 and Fig.l ). 
Probable reasons for such high contents of mercury in mentioned 
species and relationships between Hg concentrations and 
morphometric parameters are discussed. Although there are some 
indications that this unexpected high level could be a consequence 
of higher background mercury concentration in southern part of 
Adriatic ( natural mercury anomaly ) or terrestrial influence from 
the coast, due to high percentage of methylation for the most of 
the analysed species, consumption of the above mention species from 
the investigated area could be health hazard ( especially for 
critical groups-fishermen and their families). 

Species name Average Mean :!: SD 
(ug/k9 wet weight) 

Station Len9th Weight 
(em) (g) Hg-Tot Me-Hg 

Striped mullet 1 19.5 125.0 490 :!: 30 470 :!: 50 96 

(Mu11us barbatus) 2 13.3 31.3 350 :!: 20 320 :!: 10 91 

3 12.4 26.8 490 :!: 20 400 :!: 20 82 

4 14.4 47.8 1090 :!: 20 1070 :!: 0 98 

Hake 1 29.5 240.0 120 :!: 20 120 :!: 0 100 
(Merluccius 2 26.0 130.0 110 :!: 7.0· no! 0 100 
mer1uccius) 3 27.6 150.0 130 :!: 20 110 :!: 10 85 

4 24.0 95.3 330 :!: 40 260 :!: 0 79 

Sea bream 1 17.9 100.0 700 :!: 10 700 :!: 0 100 
(Pagellus 2 18.0 105.0 650 :!: 20 600 :!: 10 92 
erythrinus) 3 17 .o 87.4 1380 :!: 10 1290 :!: 20 93 

4 17.0 87.4 2270 :!:190 2130 ±280 94 

Table 1 : Total and methyl mercury contents ( with a percentage of 
methylation ) in the flesh of some fish speeies caught in 1987 in 
the middle Adriatic. 
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L-IX4 
Accumulation and distribution of Mercury In Soles vulgaris 
and Lepidorhombus boscll of the Northern Tyrrhenian Sea 

D. PELLEGRINI and C. BARGHIGIANI 

Institute of Biophysics, CNR, ViaS. Lorenzo 26, Pisa (Italy) 

The northern Tyrrhenian sea is affected by the geological 
anomaly of Monte Amiata, resulting in the presence of Hg in the 
superficial marine sediments along the coast ( 1). 

Hg concentrations of marine organisms in this area are 
generally high ( 2) , and in specimens of ~ linguatula the 
methylmercury content was 2-16 times higher than the maximum 
limit of 0.2 ug.g-1 w.w. indicated for the edible parts of fish 
by the EEC directives ( 3). Recently it was found that Solea vul
garis has lower Hg contents than other flat fish studied ( 4) . The 
difference in Hg concentration between ~ vulgaris and Lepidor
hombus boscii was attributed to the different feeding behavior r.sr-:- --

Hg concentrations were determined in muscle, liver and 
stomac contents of specimens of ~ vulgaris and h boscii col
lected in the northern Tyrrhenian sea in spring 1986. Analyses 
were performed with flameless atomic absorption spectrometry on 
samples digested with nitric acid in a pressurized digestion sys
tem (6). 

Hg content in muscle of L. boscii is higher than in s. vul
garis (Fig. 1a) and increases With length in both organisms.-
As regards liver, the metal content is higher in h boscii and 
increases with length, while in ~ vulgaris it remains almost 
CIGIUitant (Fig. 1bl. 
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Fig. 1 - Hg concentration in muscle (a) and in 1i ver (b) 
of h boscii ( e l and ~ vulgaris ( 0 ) 
versus total length (T.L.) of the organisms. 
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In L. boscii, the percentage Hg liver/Hg muscle is in the 
range or-20~0 and increases slowly versus Hg content in 
muscle tissue (Fig. 2a). In~ vulgaris the range is 40 to 600, 
and the values are less homogeneous, especially at lower Hg con
centrations. 

Furthermore, in. L. boscii the Hg Concentration Factor ( CF) 
of muscle with respect to the stomach content is 22.7, higher 
than that of liver (9.3). On the contrary, in ~ vulgaris the FC 
of muscle is lower (9.6) than in liver (13.9). 

These results show that in ~ vulgaris liver accumulates Hg 
more than muscle does, while for h boscii it is the opposit. 
This cannot be attributed to the different percentage of lipids 
observed in the liver of the studied organisms, since the per
centage of fat in ~ vulgaris is 27.5 d.w. as compared with the 
61 % in h boscii, while the percentage of fat in muscle is equal 
in the two organisms (less than 3) . 
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Fig. 2 - Ratio expressed in % between liver Hg and muscle Hg 
versus muscle Hg concentration, for h boscii (a) 
and ~ vulgaris (b). 

We can conclude that the different Hg content in muscle of 
k.r_ boscii and ~ vulgaris can be attributed not only to the dif
!erent feeding behavior as previously demonstrated ( 5 J, but also 
to the different physiology of the two species. 
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L-IXs 

Petroleum hydrocarbons In sea water, 
marine organisms and sediments 

from Northeastern Mediterranean and Aegean Sea 

AC. SAYDAM, A. YILMAZ, 0. BASTURK and I. SAUHOGLU. 

Middle East Technical University, Institute of Marine Sciences, 
P.O.Box 28, 33731 Erdemli-lcel (Turkey) 

ABSTRACT 

Northeastern Mediterr~nean <Northern Levantine) with a surface 

area of l.lxl06 km2 was monitored for DDPH seasonally from 

November 1986 till December 1987. On the other hand in the 

Aegean Sea, seasonal monitoring was carried out during 1987 in 

the regions close to the Anatolian Peninsula. The DDPH 

concentrations varied from 0.1 to 6.9 ~g/1 for the 

Mediterranean and from 0.1 to 12.5 ~g/1 for the Aegean. High 

concentrations were found in the Bay of !skenderun in the 

N.Eastern Mediterranean and !zmir Bay in the Aegean. Mullus 

barbatus, caught in the Aegean Sea in December 1987, were 

analyzed for their.PAH content and the concentrations ranged 

between 0. 92· and 3. 30 ~g/g dry wt. Composite Mytil us 

galloprovincialis samples from the !zmir Bay, as expected, 

showed considerably high PAH levels than Mullus barbatus, i.e. 

PAH levels varied in between 10.78 and 13.30 ~g/g dry wt. In 

the notheastern Mediterranean, Mugil auratus species caught in 

December 1987 from the Mersin Harbour <a heavily pooluted 

area) were also analyzed for their PAH and found to range from 

9.98 to 14.48 ~g/g dry wt. A composite sample of a bivalve 

<Venerupis tabes decussata surviving in the Mersin Bay showed 

up to 41.41 ~g/g of PAH in terms of dry wt. PAH concentrations 

in the coastal shelf sediments of the N.Mediterranean was 

found to range from 0 01 to 0.55 ng/kg and in the Aegean Sea 

from 0.081 to 1.10 ng/kg on dry wt basis. 
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L-IX6 
A preliminary study on the pollutlonal qualities 

of the Aegean deltaic zones of some Turkish Rivers· 

Aysen MUEZZINOGLU, EroiiZDAR and SOkran CIRIK 

Institute of Marine Sciences and Technology, Dokuz EyiOI University, lzmir (Turkey) 

Study areas take place at the eastern coast of the Aegean Sea (Figure a) on the 

Turi<ish territorial waters. Study period covers the years 1383-1387 with regular 

seasonal visits to the river mouths and a number of marine stations located neart:ly 

Study cruises are earried out by R/V K.Piri Reis ship of the Institute. During the 

stuoy visits standard oceanographic parameters such as salinity, temperature, dis

solved oxygen, conductivity, pH, turbidity, redox potential recordings with depth 

are autanatically recorded. A simultaneous sampling program is carried out with 

due care to precondition and preserve the aliquots as necessary. After the analy

tical results are obtained they· .;re statistically treated to get the seasonal 

averages. Oil slicks and floatable material observations are made whenever possible. 

Study conditions such as meteorological factors during the sampling and in situ 

measurements are also recorded. 

>5 

&:?~l>j" 
,.,. 

a @Eutrophl~otlor. zone 

Figure a) Location map of tl"e study areas, b) Deltaic zone of Balnn;ay River 

c) Deltaic zone of BOyDI< Menderes River 

The study zones are shown in Figure b anu c. Data generated frcm these tll.() zones 

are treated war discussion here by using the averaged values over 20 stations in 

i;andarll (Fig.b) and 15 stations in B.Menderes delta (Fig.a). In i;am:Jarh the 

studyarea is wider than 20 in fact, there are 45 stations to cover all of the Bay. 

But tl"e shaded area which covers the high eutrophication zone (shaded in figure) 

includes 20 stations only. In both figures b and c shaded eutrofied zones exhibit 

chlorophyl a concentrations of more than 1 mg/1 in summer periods. 

Study areas 

Characteristics 

River (incl. seasonal variability) 

Flow rate, m3/sec 

BODS, tons/day 

TSS, tons/day 

Chlorophyl a,mg/1 

Total InollJanic Nitrogen, tons/day 

Sea (surface waters) 

Temperature, C 

5 alinity, %a 

Conductivity, mmho (avg) 

Turbidity, TU 

Redox potential,mV 

Dissolved oxygen, mg/1 

pH 

Total Ino11Janic Nitrogen , mg/1 

Total phosphorus, mg/1 

Chlorophyl a mg/1 

Fecal callfozms per 100 ml 

Total petroleum mg/1 

i;AI\I)ARLI BAY 

(Bak1n;ay River) 

0.5 - 50 

0.03 - 13.5 

0.3 - 764 

4.60 - 13.02 

~ - 3 

16.50 - 17.10 

38.60 - 38.70 

47 

88.3 - 95.0 

266 - 3ffi 

7.2 - 8.2 

8.50- 8.70 

0.66 - 2.22 

0.016 - 0.15.:1 

2.fll + 0.82 

6 + 5 (autumn) 

0.35- 6.48 

BUVOK MEI\I)ERES 

River 

1 - 50 

35 

5 - 450 

u.1 - 40 

15.50 - 25.00 

36.00 - 33 .60 

48.5 

82.0 (avg) 

383 (avg) 

6.2 - 8.2 

7.92 - 8.50 

0.121 - 1.403 

0.012 - 0.450 

0.10 - 1.38 

0- 53 

1.36 (avg) 

Table 1 summarizes the river characteristics as well as the monitored sea water 

(surface) parameters. These quantities indicate that both zones have higher chloro

phyl a values in comparison to tl"e other zones at the Aegean Sea. According to the 

most recent measurements in summer 13 87 which will be published soon, these· values 

are in the range of 0.0145 to 1.0088 mg/1 of pigment concentrations. This contrast 

is attributable to better nutritional conditions in trn study regions. This corclu

sion is in parallel with the appreciably high total ino11Janic nitrogen, total ortho

phosphate phosphorus and turbidity values in these regions. These nutritional factors 

show rather shaiP seasonal changes at tt-e sane stations which might be· related with 

the seasonal changes in river water carry over of these substances and probably the 

discha11J1ng of surface runoff fran the land. These seasonal variability has been 

notable during this study covering the period of 1383-1387. 

• This presentation has been summarized fran the final reports of two scientific pl'Oj.ctll 

N llfl/8-H and TUR/3-K being carried out by the Institute. 
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L-IX7 
Decline in tar pollution in the Mediterranean Sea 

A. GOLIK•, K. WEBER"*, I. SALIHOGLU''', K. YILMAZ" .. and L. LOIZIDES"' .. 

• National Institute of Oceanography, Israel Oceanographic and Limnological Research, 
P .O.Box 8030, Haifa 31080 (Israel) 

•• Alfred-Wegener Institute fOr Polar- und Meeresforschung, Postfach 120161. 
2850 Sremerhaven (Federal Republic of Germany) 

••• Middle East Technical University, Institute of Marine Sciences, P.O.Box 28, 
Erdemli 33731 (Turkey) 

•••• Department of Fisheries, Ministry of Agriculture and Natural Resources, Nicosia (Cyprus) 

The Mediterranean Sea is considered to be one of the most tar polluted .seas 
in in the world. Horn et al. (1970) reported concentrations of floating tar of 
up to 500,000 11g/m2 in the Ionian Sea in 1969, and Galik (1982) reported on 
values of beach-stranded tar of up to 14 kg per frontal meter of beach in Israel 
in 1975. The reason for this high concentration of tar in the Mediterranean Sea 
was attributed to the fact that the Mediterranean is a land-locked sea, limited 
in its water exchange with other oceans. Though covering only 0.82% of the 
world ocean area, 21.4% of the global oil transport was carried on that sea in 
1985. 

In a recent investigation which was carried out in August-September 1987, by 
vessels and personnel from Cyprlito, Germany, Israel and Turkey, pelagic tar was 
sampled from the surface water by means of neustan nets at 101 stations in the 
Mediterranean. Of these, 93 stations were east of the Straits of Sicily and 8 
west of it. The distribution of the tar content indicates that the ·most tar 
contaminated areas in the Mediterranean are in the northeast between Cyprus and 
Turkey and in the Gulf of Sirte off the coast of Libya, where the mean tar 
content was 1847 and 6859 }lg/m2 , respectively. The least polluted areas were 
the southwestern Mediterranean and the northern Ionian Sea as far east as 
halfway between Crete and Cyprus, with mean tar concentrations of 236 and 154 
pg/m2, respectively. lntermediaee mean values of 1347 and 876 vg/m2 were found 
in the Levantine Basin west and south of Cyprus, respectively. 

With a few exceptions of coastal waters, pelagic tar was never measured in 
the eastern Mediterranean, so it is impossible to compare directly these 
findings to the past. However, several studies on tar pollution were conducted 
in the western and central Mediterranean in the past. A comparison between 
pelagic tar data collected in 1969 by Horn et al. (1970), in 1974 by }!orris et 
al. (1975) and our data shows a sharp decline in tar concentration with time: 

year 1969 1974 1987 
mean tar concentration (p.g/m2) 37.000 9. 700 1,17 5 

A rank sum test which was conducted on the 1974 and 1987 data yielded 
p<O.OOl,. indicating that there is a significant difference between the two. As 
the difference between the old and new data is so sharp, it is reasonable to 
assume that it represents a difference in time· and not in space. These results 
agree with other investigations which show that during the last decade a 
significant reduction in tar pollution occurred at some of the Mediterranean 
coastlines such as that of Paphos, Cyprus, where beach-stranded tar quantity 
declined from a mean of 268 g/m 2 in 1976-1978 (UNEP, 1980) to 67 g/m2 in 1983 
(Demetropoulos, 1985). A similar reduction in tar quantity on the beach was 
found in Israel: 3625 g/m in 1975-76 (Galik, 1982) in comparison to 12 g/m in 
1984 (Golik,1985). Image processing of air photographs from the Israeli 
coastline also shows a continuous decline in tar quantity between 1975 and 1985 
(Galik and Rosenberg, 1987). 

From the data at hand, it is proposed that the sharp decline during the last 
decade in the activity of most of the oil terminals in Israel, Lebanon and Syria 
in the es!ftern coast of the Mediterranean has caused a reduction in tar 
pollution in the Levantine Basin. The construction of an oil terminal in 
Iskenderun Bay, Turkey, and its increasing ac ti vi ty of oil loading from 14 
million tons/year in 1977 to 75 million tons/year in 1987 caused concentration 
of tar pollution in that part of the Mediterranean Sea. In the same way, high 
tar pollution is found in the Gulf of Sirte off Libya, where oil loading is very 
active. However, except for local foci of tar pollution, the Mediterranean Sea 
as a whole has undergone a process of reduction in its tar pollution. The 
reasons for that must be the adoption of international conventions on prevention 
of oil pollution in the Mediterranean, the harsh steps undertaken by various 
Mediterranean countries to administer anti pollution laws, the technological 
developments in the shipping industry that reduce oil leakage, and the 
installation of coastal facilities for reception of oil wastes. 
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L-IXs 
L'evolutlon geochlmlque de Ia Medlterranee 

J.P. BETHOUX 

L.P.C.M., UA CNRS, B.P. 8, 06230 Villefranche-sur-Mer (France) 

Depuis quelques d8cennies J les apports anthropiques' resultant d I in-tenses 

activ i t€s industrielles, agricoles et urbaines sur le bassin versant, sont devenus 

nettement sup€rieurs aux apports naturels qui contribuaient a un etat g€ochimique 

quas i-stationnaire, L' evolution geochimique de la Medi terranee depend principalement 

de la dynamique de ces apports, elle concerne 1' €quilibre ecologique de cette mer et 

egalement la geochimie des eaux profondes de l' Atlantique. 

Une ctetennination exp€rimentale des apports atmospheriques a d€bute dans le bassin 

Occidental {i.e. Bergametti, 1987; Migon et al., 1987), Les enqu~tes UNEP {1984) 

pr€cisent des apports telluriques suffisamments forts pour marquer geochimiquement la 

mer. Ces quelques donnees atmospheriques et telluriques ne permettent pas la 

connaissance quantitative de la repartition spatiale des apports, ni de leur 

variabili te temporelle' 1 ies a des processus economiques et demographiques. D I a pres 

les estimations de Cousteau et Paccalet { 1987), en 1' an 2025, 545 millions de 

personnes vivront auteur de la M€:diterranee, ce qui corresp.ond a une augmentation 

moyenne de 1,3% par an. Par ailleurs, la progression du niveau de vie est 

quasi-generale auteur de la M€:diterranee, et, en France, elle a atteint 5 a 6% par an 

entre 1950 et 1974. Ces deux progressions, du nombre de riverains et de leur niveau 

de vie, se traduisent certainement par celle des rejets anthropiques. 

La dynamique de la M8di terranee, mer sownise a un climat continental, est 

caracteristique de deux bassins de conce~tration, separes par les detroi ts et seuils 

peu profonds de Gibraltar et de Sicile. Elle indui t des circulations horizon tales et 

verticales intenses, tant dans les differents circuits cycloniques que dans les zones 

de formation d' eaux denses ( B€:thoux, 1980). Le devenir des apports ext8rieurs, en 

te-rme de concentration, depend de la fonction d 1 entree des apports, de la dynamique 

marine, du volume des bassins, ainsi que de la reacti vi te de l' element considere. Les 

plus longues series geochimiques marines, hormis la salini te et 1 • oxygene, concernent 

les concentrations en phosphore dans le bassin Occidental (Bethoux et Copin-Montegut, 

1987). Elles montrent une augmentation des concentrations profondes qui passent de 

0,35 fJmole/1 en 1960 a 0,40 pmole/1 en 1984-86. D'apres un modele dynamique {Bethoux 

et Copin-Montegut, 1984), cette augmentation correspond aux effets d'une augmentation 

des apports telluriques de 3% par an dans le bassin Occidental et de 1, 5% par an dans 

1e bassin Oriental, consequences probables de 1' augmentation tant du nombre de 

riverains que de leur niveau de vie. 

Sur le bassin Occidental, une telle augmentation des apports en nutriments, sur 1a 

periode 1960-85, revient a doubler 1es apports et la nouvelle production. Bien que 

restant une mer oligotrophe, les images satellitaires CZCS et les dernieres campagnes 

oceanographiques montrent des e-cendues productives et des teneurs en chlorophylle 

jusqu •a present jamais relevees. Il en est ainsi, par exemple, du panache 

"biologique" du RhOne, directement .Lie a son apport .fertilisant, dont 1' extension en 

mer parait surprenante, et de la mer d'Alboran dont la productivite resulte 

essentiellement d 1 enrichissements lies a des transports verticaux. 

La dynamique de la M€diterranee est caracterisee par la sortie en profondeur a 
Gibraltar, et done par la formation hivernale de 50,5 l0

12
m3 .an

1 
d'eaux profondes 

{Bethoux, 1980). Dans !'hypothese au toutes ces eaux (superficielles nord-occidenta

les et internu§diaires d 1 origine orientale) ont ete oxygenees en surface dans le 

bassin Occidental, lors des processus de formation .d'eau profonde, elles ont une 

concentration d' environ 6 m1 0
2
11. La formation d' eaux profondes se tradui t par 

l'envoi en profondeur d'un stock maximal de 3,03 10
11

m
3 

d'oxygi'me par an. Ce stock 

annuel permet, compte tenu d' un rapport C: 0 = 41: 139 en poids, la remineralisation 

d'environ 1,3 1o
14

g de carbone, soit 1' equivalent d'une nouvelle production limite de 

150 gC. m -
2 

.an -
1

. Cette valeur correspond a environ 4 fois la nouvelle production 

calculee dans 1' hypothese d' un bilan stationnaire, so it 36 gC.m-2 .an -l (Bethoux, 

1981). Cependant, compte tenu de 1' augmentation constatee des concentrations 

profondes entre 1960 et 1985, et du doublement probable de production, la valeur 

limite ne correspondrait plus qu'a deux fois la productivite probable actuelle. 

Si nos hypotheses d'augmentation des apports telluriques en Mediterranee se 

confirment, un etat critique pour la Mediterranee pourrait ~tre atteint dans mains de 

40 ans. Le stock d'oxygene de la couche profonde, qui ne correspondrait alors qu'a 

environ 17 ans de reserve, pourrait etre consomme plus ou moins rapidement en 

fonction de la progression des apports fertilisants. Des la premiere moi tie du 21 

ieme siikle, la Medi terranee prendrai t alors certaines des caracteristiques de hi 

Baltique et de la mer Noire, a savoir celles d'un milieu profond anoxyque, les effets 

de 1 'environnement ayant reussi a contrecarrer ceux de la cynamique climatique. 
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L-IX9 
Un exemple de l'utlllsatlon des gametes d'Oursln 

en tant que modele blologlque en ecotoxlcologle 
rOle du calcium et des protons 

dans Ia toxlclte du mercure (HgCI2) 
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Dans le cadre d'une recherche ecotoxicologique, dont l'objectif essential 
est !'etude des mecanismes de contamination par las polluants d'un 
ecosystems en vue de sa protection, !'approche experimentale en laboratoire 
est indispensable pour permettre d'analyser grilce a una simplification des 
systemes naturals, las mecanismes impliques. 

Dans ce but, no us avons developpe depuis 1987, I' etude des gametes 
d'oursins (spermatozoTdes et oeufs vierges ou tecondes), deja tres utilises 
dans d'autres domaines de Ia biologie, comma modele biologique en 
ecotoxicologie. 

Le present expose resume des resultats pn31iminaires permettant de 
comprendre le mecanisme d'action d'un polluant metallique hautement 
toxique, le chlorure de mercure (HgCI2). II fait suite a un article, (Allemand ~ 
.a.L... 1988), dans lequel nous avions mis en evidence las differents mode 
d'action de ce metal sur las transports membranaires d'ions et de nutriments. 

Grace a una approche physiologique (Ia mesure de Ia consommation d'02 
des gametes), nous avons mis en evidence una des principales cibles 
intracellulaire du mercure. Nous avons en effet pu montrer que ce metal 
agissait au niveau mitochondrial soit en inhibant directement Ia chaine 
respiratoire (spermatozoides, oeufs d'Arbacia lixula ), soit en Ia decouplant 
(oeufs de Paracentrotus lividus ). Dans las deux cas le resultat est le merna: 
le mercure induit una inhibition de Ia production energetique de Ia cellule. 
L'action toxique du mercure depend de l'espece, mais aussi de l'etat 
physiologique de Ia cellule cible: ainsi, una cellule quiescente (l'oeuf vierge) 
reagit differemment par rapport a una cellule tres active (l'oeuf feconde). 
Cette difference est liee aux grandes modifications des systemes 
enzymatiques et des parametres intracellulaires (pH, contenus en ions ... ) 
consecutives a !'activation cellulaire (Giudice, 1986) 

De par leur nature, las polluants metalliques interferant avec las voies 
normales de transport ou las sites des liaisons des ions, dont le role 
physiologique est primordial puisqu'ils participant a Ia regulation de 
nombreuses activites cellulaires (Whitaker et Steinhardt, 1982). Pour tenter 
d'analyser plus en detail, las mecanismes impliques dans Ia toxicite du 
mercure nous avons effectue des mesures de flux de ca++ et de H+ qui 
representant las principaux signaux internes controlant !'activation. Ia 
croissance et las divisions cellulaires. lis interviennent aussi bien dans des 
cas physiologiques (transduction hormonale, fecondation ... ) que pathologiques 
( cancerogenese) (Berridge, 1985). 

Chez l'oeuf vierge, le mercure stimule l'antiport membranaire Na+fH+, 
activant ainsi !'excretion de protons. L'origine de cas protons demeure 
hypothetique: ils pourraient provenir de compartiments acides 
sous-membranaires, analogues a des lysosomes. 

Nos resultats montrent que, chez l'oeuf feconde, le mercure augments 
I' entree de Ca++. Cat exces de calcium cytoplasmique est rapidement 
tamponne par Ia mitochondria dont las systemes de transport du ca++ ont une 
plus faible affinite mais una plus grande capacite que las systemes presents 
dans le reticulum (Carafoli, 1987). Ce transport est effectue a Ia place de Ia 
synthase d'ATP et induit done un decouplage de fa mitochondria entre le 
transport des electrons et Ia phosphorylation oxydative (Carafoli, 1987). 

L'ensemble de nos resultats permet d'elaborer le schema suivant, 
montrant las differents mecanismes de l'homeostasie cellulaire qui sont 
affectes par le mercure: 

ALLEMAND D., DE RENZIS G., PAY AN P., GIRARD J.P. et VAISSIERE R. (1988). 
Toxicology, sous presse. 
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GIUDICE G. (1986). Springer Verlag, Berlin. (246pp). 
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L-IX10 
Effets de deux metaux lourds (Cu et Cd) 

sur Ia fonctlon de reproduction 
chez ldotea balthlca basterl (Crustace, lsopode) 

B. RAMIREZ et R.A. KAIM-MALKA 

Station Marine d'Endoume et Centre d'Oceanologie de Marseille, 
URA 41 - CNRS, rue de Ia Batterie des Uons, 13007 Marseille (France) 

RESUME : Des Idotees femelles soumises aux. effets chroniques de deux metaux lourds, 
pr€.sentent une importante baisse de la £€.condite. Les r€.sultats sont compares a ceux 
obtenus avec des dete.rgents. 

ABSTRACT : Chronic toxicity test of two heavy metals on Idotea females fertility, shows 
an important decrease. This results are compared to those obtained with the detergent. 

INTRODUCTION 
Au cours des trente dernieres ann€.es, 1' a ire de repartition de 1' Isopode 

Idotea balthica basteri s' est consid€.rablement reduite dans la region de Marseille. 
Pour expliquer ce ph€.nomene, des €.tudes ont ete entreprises sur un des facteurs sus
ceptible d 'etre la cause de ce phenomene : les detergents (KAIM-MALKA 1980, 1983). 
Actuellement cette etude est realisee avec des metaux lourds, pour voir si les effets 
provoques sont de mime type ou different de ceux obtenus avec les detergents. Le pre
sent travail est consacre aux effets de deux metaux lourds : le cuivre et le cadmium 
sur la fonction de reproduction de 1' Idotee. Pour ces etudes, trois phenotypes ant ete 
retenus : type~ pour les miles, ~ et flavafusca pour les femelles. 

Au laboratoir:e, on peut obtenir 1' appariemment et la tecondation en mettant 
des femelles au contact des tnales 12h a. 24h apres que la femelle ait effectue la mue 
de la region anterieure. Apres s titre assure que la femelle a bien pondu les oeufs dans 
la poche incubatrice, les animaux sont separes et les femelles sont €levees isolement 
dans des bacs contenant 250 ml de solution de cuivre ou de cadmium. a la concentration 
de 0,1 mg/1. La solution est renouvel€:e tous les 3 jours. Les animaux sont nourris avec 
des morceaux de feuilles de posidonies. La salle d'expE:rience est maintenue a une tem
perature de 17° ± 0,5° avec un E:clairement de type journalier. Si tout se passe bien, 
les oeufs sont incubes pendant la p€riode d' intermue, les juv€niles sont €:mis quelques 
jours avant la mue suivante (la gestation est d' environ 25-30 jours). 

Les r€:sultats obtenus ont €:te trait€:s statistiquement : la comparaison des 
moyennes s'est faite en utilisant le test t de STUDENT pour les petits €chantillons, 
les pourcentages ont ete compares p~r la m€:thode de 1 '€:cart reduit . 

~ 

Iemoin 
O,l.m:g/1 Cu 
O,lmg/1 Cd 

L' ensemble des resultats obtenus sont r€:sumes dans le tableau 1. 

'-<> avortent 

40 
60 

'\ r€ussite 

'too 
60 
40 

571 
152 

76 

~bJuv/)l. 

57,1 ! 28,55 
15,2 ! 2-2,58 
7,6 ! 1~,03 

,, par rapport au temoin 

26,61 
13,30 

~ R€:sultats obtenus pour des femelles d'Idot€:es soumises aux effets du 
Cu et du Cd. 

Il apparait tout d' abord que toutes les femelles t€:moins ont donne une 
descendance : 571 individus au total, et sur lesquels aucune anomalie n'a eee observee .. 
Pour les animaux SOumis 8. !'influence du cuivre, on observe qu'une proportion non ne
gligeable de femelles perdent leur ponte (40 %) • La proportion de juveniles obtenus 
represente environ le quart de celui des temoins. On y trouve une tris faible propor
tion d' individus malformes (environs 3 % des individus obtenus). Pour les animaux sou
mis a 1' influence du cadmium·, la proportion de femelles qui perdent leur ponte est 
augmentee (60 %) et le nombre de juveniles obtenus represente la moitie seulement de 
ceux obtenus quand les femelles sont soumises au cuivre .. Aucune anomalie n' a ete ob
eervee sur les juveniles ainsi obtenus. 

Si on compare ces resultats avec ceux obtenus par KAIM-MALKA (1983) po11r 
des ldotees soumises a un detergent (Tableau 2) 

reussite Nb tot. Juv, Nb Juv/fJ_ par rapport au temoin 
IJmoin 100 550 55!17,19 
Smg/1 det:. 70 30 21 2,1;!3,8? 3,8 
3Dmg/1 ctet. 70 Jt )9 3}3 : a.69 7,09 

Tableau 2 .. Resultats obtenus pour des femelles d'Idotees soumises aux effets d'un deter
--- gent aux concentrations de 5 et 30 mg/1. 

- un premier point remarquable est r-epresente par le nombre de juveniles obtenus chez 
les temoins, et qui est tres proche dans les deux experiences. 

- Aussi bien dans le cas des metaux lourds que dans celui du detergent, on note 
qu'une proportion non negligeable des femelles perdent leur ponte, suite a cette exposi
tion. 

- De plus, le pourcentage de juvE:niles obtenus 3. la suite d 'une exposition au deter
gent~" represente en fonction de la ·concentration, la moitie ou le quart de celui obtenu

10 

suite a une exposition au cadmium .. 
Divers auteurs ont pu observer une baisse de teGondite chez certaines especes 

soumises a l' action de metaux lourds. MARTIN (1975) indique que 1' ovaire de Carcinus 
~ peut concentrer le Cu et le Zn. TAHVILDARI-DAMOUI (1977) indique pour~rotus 
~, que les oeufs fE!condes qui atteignent le stade d'echinopluteus 10 quand ils sont 
Soumis a une solution de CdC12 10 presentent une reussite inferieure de 23 a 55 % par rap
port au':' temoins. LIPINA et al (1987) indiquent que chez Stro&vlocentratus intermedius 
s~umis a des concentrations e1evees de Cd la plupart des oocytes dtigenerent, et les ga
metes peuvent fixer le Cd directement dans l'espace intercellulaire. GOULD et al (1988) 
signalent que le _Cu a un effet inhibiteur sur la production de gametes et la maturation 
de Placopecten magellanicus. Des effets similaires ont ete observes avec des alteragenes 
autres que les metaux lourds, tela petroles et detergents .. 

CONCLUSIONS 
---- L' exposition au cuivre et au cadmium, meme a de tres faibles concentrations 
a de~ effets importants sur la teconditti des femelles d' Idotees, en abaissant d' une ' 
maniere importante le nombre de juveniles obtenus. Ceci peut avoir des consequences im
portantes sur le maintien de 1 • espice dans le milieu. Il pourra Etre interessant d' etu
dier les effets provoques par 1' associations metaux + detergent, sur la reproduction. 

~ 
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L-IXll 
Increase of domestic sewage toxicity 

as a consequence of treatment by flocculating agents 
as determined by the sea Urchin bioassay 

G. PAGANO*, G. CORSALE*, A. ESPOSITO*, L.A. ROMANA** and N.M. TRIEFF*** 

• lstituto Nazionale Tumori, Fondazione G. Pascale, 80131 Naples (Italy) 
•• IFREMER. Centre de Toulon, 83507 La Seyne-sur-Mer (France) 

••• UTMB, Department of Community Health and Preventive Medicine, Galveston, Tx 77550 (U.S.A.) 

The distribution, fate, and biological quality of domestic sewage in the Bay of Toulon, 
France, have been investigated in a multi-disciplinary study involving a number of 
physico-chemical, analytical, microbiological, and toxicological parameters. The present 
data refer to the results of testing developmental, genetic, and reproductive toxicity 
of seawater and sewage samples on sea urchin embryos and sperm. 

1. Effluent from the sewage treatment plant ( STP) at La Garde-Toulon Est was tested 
in its raw form (after primary treatment), or after flocculating by means of iron 
chlorosulfate and polyelectrolytes (PE) (resins Nos. 910 and 934), at dilutions rang
ing from 10-' to 3x1 o- 2• 

2. Sewage treatment was simulated in the laboratory by stirring· raw sewage with some 
flocculating agents [FeClSQ., or FeCI,, or Al, (SO,),] with or without PE. 

3. Seawater samples were collected at different distances from the sewage outlet and 
tested for their effects on embryogenesis and ferti 1 ization success as a function of 
sewage dilution. 

The above samples were tested on developing embryos or sperm from the sea urchins Para
centrotus lividus and Sphaerechinus granularis, according to the methods reported by 
Pagano et al. (1986). To summarize: a) developmental defects and larval mortality in 
exposed embryos, and b) cytogenetic abnormalities (both aberrations and changes in 
quantitative parameters) were determined according to Pagano et al. (1983; 1986). The 
effects on sperm were determined by changes in: a) fertilizing capacity, and b) offspring 
quali~y (embryogenesis! mortality, and mitotic activity). 

Our results shpw an increase in the developmental toxicity of sewage following treatment 
with FeClSO, and PE (at the STP or in the laboratory), or with FeCI, orAl, (SO,), (with 
or without PE). Comparing the effects of the different agents, embryotoxicity may be 
ranked as follows: 
[ Al, (SO,), ± PE] > [ FeCl, + PE] > [FeCl, - PE] = [ FeClSO, + PE] > raw sewage = [FeClSO, - PE ]. 
These data were consistently obtained both with P. lividus and S. granularis, and showed 
an embryotoxic effect of FeClSO, -treated sewage at realistic levels, e.g. 3x1 o-• dilution. 
~lhen developing embryos were reared in seawater samples collected at different distances 
from the sewage outlet, developmental defects displayed a dose-related trend as a function 
of sewage levels, with a significant increase of malformations in embryos reared in 
low-level sewage ("'10-' dilution). 

Sperm pretreatment experiments resulted in a decrease in ferti 1 ization success in sperm 
suspended in realistic levels of treated (not raw) sewage (e.g. 10-' dilution). It 
should be noted that high, non-realistic levels of treated sewage, as well as aged 
sewage (both raw and treated) resulted in an increase of fertilizing capacity, as 
compared to control seawater. When sperm were suspended in seawater samples collected 
at different distances from the sea wage outlet, fertilization success was enhanced in 

plume samples (sewage dilution =1o-'), whereas diluted sewage ("-10-' to 10-') resulted 
in a decrease of fertilization success, as compared to offshore-collected seawater. 

Present data point to the environmental hazards related to sewage treatment by using 
flocculation procedures and suggest that domestic effluents may contribute to develop
mental and reproductive imbalance in marine organisms. Developmental toxicity of sewage 
was exerted following treatment with each of the coagulants used. Due to the different 
potencies of the coagulants tested, it may be inferred that FeCl,- or Al,(SO,),-treated 
sewage could exert a more severe embryotoxicity than FeClSO,-treated sewage. Spermia
toxicity was exerted by treated sewage at environmental levels, thus suggesting a 
role for domestic sewage in affecting reproductive success of some externally
fertilizing marine organisms. Some results suggest that aged or high-level sewage may 
cause an enhancement of the fertilizing capacity of echinoid sperm, or hormesis (Paga
no et al., 1986) which might result in excess echinoid population growth. 

The present study shows a good agreement between laboratory-simulated and in-field 
data, thus providing further evidence for the reliability of sea urchin embryo and 
sperm bioassay in toxicity testing and in biological monitoring of marine pollution 
(Kobayashi, 1971; Muchmore & Epel, 1973; Stebbing et al., 1980; Oshida et al., 1981; 
Dinnel et al., 1982; Pagano et al., 1986). 
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L-IX12 
Evolution du peuplement des sables fins de Ia bale d'Aiger 

mise en evidence de perturbations 

A. BAKALEM, N. HASSAM, M. MOHAMMED!, Y. OULMI et J.C. ROMANO 

I.S.M.A.L., B.P. 90, Alger-1er Novembre (Algerie) 

MATERIEL ET IIBTllODES : Il a ~t~ effectu~ au niveau de 3 stations (-10 m) : ll, 0 et 
B des sables fins (SF} de la baie d'Alger des pr<H~vements quantit:at:ifs (decembre 
1985, mars, juin et septembre 1986). La surface pr~levee .i chaque fois est de 1 m2. 
La station H est situee dans un secteur ot) debouchent un grand nombre d'egoOts de 
l'agglomeration algeroise. La station 0 se trouve en face de l'embouchure de l'oued 
llarrach, veritable egoQt A .ciel ouvert quand il coule en mer. La station B, dans la 
partie Est de la baie, ei!if la station la ·moins soumise aux perturbations d'origine 
terrigene. 
Pour preciser l'~volution des peuplements de ces stations nous comparerons nos r~sul
tats A ceux de BaJcalem (1979}. 

RESUL'l'A'l'S - DISCUSSION : Au niveau. des 3. stations etudiees ce sont les ml!mes indica
trices de pollution : Audouina t:entaculata, eapitella capitata et Scolelepis fuligi" 
noaa que nous retrouvons, seule leur densite les diff~rencie dans le temps et 
l 'espace .. 
Les especes opportunistes A la station 0 sont Venerupis aureus, Polvdora antennata, 
P. ciliata P. rlava et Chaetozone setosa. A la station B nous ret:rouvons ces ml!mes 
especes auxquelles s'ajoutent : Abra alba, lleteromastus filiformis, lleterocirrus 
bioculatus et Nebalia bipes. La station H regroupe 7 especes opportunistes : Corbula 
gibba, Abra. alba, Venerupis aureus, POlgdora antennata, Heteromastus filiformis, 
Chaetozone setosa et Nebalia bipes. 
A la station H les indicatrices de pollution connaissent leur plus grand d~veloppe
ment, excepte en juin oil c'est A la station 0 que ces especes atteignent les densit:e 
et dominance les plus fortes enregistrees. Les indicatrices de pollution sont: tres 
mal representee& tant en nombre d'especes qu'en effectifs (0 - 1 ind/m2 ; 0,073 -
0,082 l} en septembre aux 3 stations. Par contre, A la station H les indicatrices 
de pollution se clusent parmi les principales especes du peuplement en particulier 
en decembre oil Audouinia tentaculata est l'espece "leader". 
Le nombre d'especes opportunistes est plus elev~ aux stations ll et B qu'A la station 
o 1 il en est de mame pour leurs densites et dominances. C'est: la station H qui est: 
la plus riche quantit:ativement:, et ot) les.dominances des opport:unist:es sont fortes. 
llais la dominance des opportunistes A la station o est bien superieure a celle de la 
station H bien que les. densi t~s. soient identiques. 
Les principales opportunistes.au niveau.des 3.stations sont, par ordre d'importance, 
les ml!mes : Chaetozone setosa, venerupis aureus et Polgdora antennata. 
Les fluctWttions quantitative& du stock des opportunistes sont: grandes A la station 
H alors qu'elles sont moindres aux stations 0 et B. llise A part en juin, ot) la 
station 0 presente la plus forte densite et aussi dominance des indicatrices de 
milieux perturbes, la station H est, le restant de l'annee, la station ot) ces especes 
ont des effectifs e,leves et une forte repr~sentatire au sein du peuplement. 
Le classement des stations, en prenant comme critere les valeurs de l 'abondance et 
de la dominance des especes indicatrices de milieux perturb~s, par ordre decroissant, 
est le suivant : en 1er la station H, suivie de la station o, et la station B en 
derniere posi.tion. Ce qui revient A. dire que la station H est la plus perturbee, la 
station B le mains et la station 0 une station intermediaire entre les deux. 
BaJcalem ( 1979} dans son etude du peuplement. des SF de ces. ml!mes 3 stations signale 
.L!t presence d'indicatrices de pollution : Audouinia tentaculata et Capitella capitata 
sealement A la station H. 
AudDuinia est presents en decelllbre 1977 dans le milieu avec seulement 7 individus 
~dominance de 0,24 l tandis que Capitella existe a la station H en juin 
1978 {45 individus} soit une dominance de 3,98 '· Pour les opportunistes, cet 
auteur signale les especes Chaetozone setosa, Abra alba et Corbula gibbs. 
Corbula gibbs, absente A la station H, se retrouve tres souvent au cours du temps 
dans les pr~levements des 2 autres stations. 
Chaetozone setosa se trouve, mais de fat;on tres ponctuelle, A toutes les stations ; 
il en est de mama pour Abra alba. Les dominances de ces opportunistes sont tres 
faibles. La dominance dUStOCJCdes opportunistes la plus forte not~e par cet auteur 
est de 2,04 l en juin A la station 0, les autres dominances varient entre O, 12 et 

0,64 '· 
Compares A ces donnees7 nos resultats traduisent bien les modifications existantes 
en 1986 au niveau des SF de la baie, notamment 1 'apparition en force, en nombre 
d'especes et en effectifs, des indicatrices de milieux perturbes. 
Si nous nous r~ferons aux ~tudes de Bakalem et Romano { 1987) et Bakalem et al. { 1986) 
qui ont mis en evidence une zonation des peuplements macrobenthiques dans les milieux 
perturb~s nous pouvons dire que ·, - A la station H le milieu correspond A une zone 
III perturbee en decelllbre et juin. En ~~~Srs le peuplement de cette station est r~fe
rable A celui d'une zone III normals 1 tandis qu'en septembre 11 correspond A un 
peuplement de sables fins typique ; - le peuplement de la station 0 presente les 
caract~ristiques d'un peuplement df> sables fins, excepte en juin ot) ce peuplement 
est ref~rable A celui d'une zone III perturbee 1 - la station B en decembre possede 
un peuplement presentant certaines similitudes avec celui d'une zone III, le reate 
du temps c'est un peuplement de sables fins. 

CONCWSION : L'~tude qualitative et quantitative de la macrofaune du peuplement des 
sables fins de la baie d'Alger a permis de mettre en ~vidence : - 1 'existence en 
1985 et 1986 d'un changement qualitatif et quantitatif significatif de ce peuplement 
par rapport aux donnees d'~tudes ant~rieures {BaJcalem, 1979) ; ce changement est du 
A la degradation du milieu par les rejets d'eaux usees de la ville d'Alger qui s'est 
considerablement developpee. cette . degrad.ation est tres importante dans le secteur 
ouest de la baie et s'etend progressivement au reste de la baie 1 - la mise en place 
en baie d'Alger d'un peuplement de.milieux perturMs referable A celui d'une zone 
subnormale, caracterise par la prt.sence importante d'un certain nombre d'especes 
indicatrices de pollution et d'especes dites opportunistes. 
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L-IXB 
Evolution a long terme (1978-1986) 

des peuplements superficiels de substrats rocheux 
du secteur de l'emlssalre de Marsellle-Cortlou 

Denise BELLAN-SANTINI, Patrick M. ARNAUD et Gerard BELLAN 

C.O.M., Station Marine d'Endoume, 13007 Marseille {France) 

De 1978 a 1986, le rejet des emissaires d' eaux usees de Marseille-Cortiou 
a varia de 3 a 9 m3.s-l. C'est en effet en 1980 que le detournement estival, 
jusque-la temporaire de l'Huveaune, fleuve c6tier poHue, dans l'emissaire, 
est devenu permanent, lui apportant un supplement da debit de 6m3.s-l. 

Sept stations fixes de la c6te sud du massif de Marseilleveyre, echelon
nees entre l'anse de l'Escu (800m a l'Ouest du debouche de l'emissaire) et le 
cap Croisette (SSOOm a l'Ouest de ce debouche etA l'entree de la rade de 
Marseille) ont ete etudiees en 1978 (Bitar ,1982), 1980 et 1986. Ces stations 
sont toutes situees dans la partie superieure de 1' etage infralittoral (facies 
des Corallines, de la Mouliere ou des Cystoseires). La partie centrale du 
secteur prospecte, ouverte vers le large, est moins polluee que les stations 
situees de part et d'autre (fig.l). 

43"10N 

~·"·o 
2km. ~ 

~--'---~ 

Figure 1. Carte des stations 
Les prelevements ont ete effectues par grattage total de l/25eme de m2 et 

etudies selon la methode de Bellan-Santini (1969). Les trois groupes majeurs, 
Polychetes, Mollusques et Crustacea Amphipodes sont, seuls, consideres ici. 
Les indices <!cologiques classiques ont ete completes par des Analyses 
Factorielles des Correspondances (AFC} et des Diagrammes Rang-Frequence (DRF). 

RESULTATS ET COMPARAISONS ENTRE LES TROIS CAMPAGNES 
Les resultats generaux de 1986 (tabl.l) mettent surtout en evidence le 

petit nombre d'especes presentes et la faiblesse des indices de diversite et 
d'equitabilite. Le tableau 2 montre !'evolution globale du peuplement a 
1' Ouest de 1' emissaire. On y releve, en particulier, une diminution du nombre 
des especes et des individus. ainsi que des indices de diversite et d' equita
bilite, et une augmentation de 1' indice annelidien de pollution (Bel1an 1980). 

Entre 1978 et 1980, les indices pris en compte s' etaient montres relative
ment stables, notamment a la station 1 A la limite du golfe de Marseille. Ils 
pouvaient alors etre correles avec le detournement de 1' Huveaune dans le grand 
emissaire . En 1986, au contraire, tous ces indices traduisent une netta 
degradation par rapport A 1978 et 1980 . Les AFC, et plus encore les DllJ 
mettent clairement en evidence cette evolution regressive des peuplements dea 
differences stations au cours de la periode 1978-1986 (fig.2). De plus, on a 
constate en 1986, une regression particu1ierement spectaculaire, d'une part, 
des populations de Hyt:ilus galloprovlnclalis (nombre moyen par station: en 
1978, 661±525; en 1980, 600±379; en 1986, 277±257) et d'autre part, du •con
cretionnement de base" qui, en 1978, etait riche en organismes A test cal
caire: Polychetes Serpulidae, Mollusques Vermetidae , Balanes,qui ont prati
quement disparu en 1986. probablement "ennoyes" par 1' acceleration de la 
sedimentation liee A 1' acroissement du volume de particules fines rej etees par 
l'emissaire (Arnaud 1986). On ne les rencontre plus qu'A l'etat d'individus 
plus ou moins isoles , en epibiontes, notamment sur les moules. 

Compte tenu de la mise en service en novembre 1987 d'une importante sta
tion d'epuration (traitement physico-chimique) ne 1aissant subsister qu'une 
teneur en matiere en suspension inferieure a lOOmg/1, une amelioration est 
attendue; e11e devrait entra1ner une diminution notable de 1' extension de la 
tache pol1uee et une reduction de 1. intensite de la pollution dans cette 
tache. Le suivi des 7 stations fixes devrait traduire ces effe.ts spatio
temporels sur la reconquAte d'une structure plus normale des communautes. 

TABLEAU 1 
Donnees par station pour 198b 

St. 1 2 3 4 5 6 7 
A 476 385 1147 841 780 853 1740 
N 20 20 19 14 18 20 25 
s 1,99 2,68 2,43 1,40 2,00 1,86 1,95 
E .46 .62 .57 .37 .48 .43 .42 
M 3,08 3,19 2,55 1,93 2,55 2,81 3,22 
p 1,35 2,05 2,51 1,50 2,31 16,18 22,63 

TABLEAU 2 
Donnees moyennes 1978-1980-1986 

1978 1980 1986 
A 1877±608 1813±ll39 889±453 
N 31,1±7,3 26,6±4,6 19,4±3,2 
s 2,6±0,2 2,4±0,5 2±0,4 
E 0,54±0,04 0,51±0,12 0,48±0,09 
M 4,02±0,93 3,46±0,48 2,76±0,46 
p 4,33±5,26 3,58±4,04 6,93±8,73 

Ugende: A: Abondance. N: Nombre d'especes. S: Indice de diversite de Shannon
Wieser. E: Equitabilite. M: Indica da diversite 2 de Margalef. P: Indica anne-
11J11en de =llutian-

100 

-' 
\ 

---- 1980 

-·-·- 1986 

10 

Figure 2. DiagrSllllles Rang-Frequence 
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L-IXI4 
Etude a long terme (1976-1986) 

des peuplements de substrats meubles 
au large de l'emlssalre de Marsellle-Cortlou 

Gerard BELLAN et Michel BOURCIER 

C.O.M., Station Marine d'Endoume, 13007 Marseille (France) 

Six stations choisies parmi les 40 prospectees en 1976, (BELLAN et al., 
1980) ont ete etudiees en 1980-1981 (BELI.AN et BOURCIER, 1984) et 1986 (Fig. 
1). Les prelevements (40 dm3 de sediment, sauf A la station H3, 20dm3) ont 
ete etudies se1on les methodes classiques. Des analyses chimiques ont ete 
realisees, prenant en compte les criteres habituels de pollution (matieres 
organiques, polluants mineraux et organiques). 

Apres determination et decompte des individus presents, les calculs 
statistiques classiques ont ete effectues ainsi que des Analyses Factorielles 
de Correspondance et des Diagrammes Rang-Frequence. 
1) ·CAMPAGNE 1986 

Les donnees generales pour les prelevemen'~s de la campagne 1986 sont 
fournies dans 1e tableau 1. 11 convient d' insister sur: a) la faiblesse de& 
Indices de diversite, la dominance considerable d'un petit nombre d'espece<. 
(16 soit 4,6%) presentes dans la moitie des prelevements et regroupant de 56 A 
81% des individus, b) la dominance ecrasante des especes indicatrices des 
conditions generales de la zone subnormale qui regroupent de 80 A 95% des 
individus, c) 1e petit nombre d' individus representatifs des biocoenoses (1 A 
7 ,5%). 

TABLEAU 1 TABLEAU 2 
Donnees pour la Campagne 1986 Donnees moyennes pour les campagnes: 
3H3 3F2 3El 3E6 3D2 3B2 1976 1980 1986 

A 970 444 423 268 281 121 497, 67±357 196, 33±164 417, 83±295 
N 43 48 45 45 45 32 75,33±34,4 42,33±14,1 43,00±5,6 

3,69 4,31 3,70 4,17 3,89 3,52 4,77±1,1 4,21±0,8 3,88±0,3 
.679 .772 .673 .759 .708 .477 .789±.521 .791±.129 .678±.107 

M 6,11 7,71 7,27 7,87 7,80 6,46 12,05±4,75 8,21±2,32 7,20±0,75 
50% 55,77 74,32 81,09 64,55 74,33 80,13 35,92±19,2 54,61±17,8 71,70±9,8 
Sl 86,29 86,94 95,27 79,85 82,21 84,30 60,54±8,5 66,35±11,5 85,81±5,3 
SB 0 1,35 1,18 1,49 1,07 7,4 2,75±1,7 4,99±6,5 2,09±3,7 
A: Abondance. N: Nombre d'especes. S: Indica de diversite de Shannon. E: Equi
tabilite. M: Indice de diversite de Marga1ef 2. 50%: Somme des dominances des 
especes recueil1ies dans au moins la moitie des prelevements. Sl: Somme des 
dominances des especes indica trices au sens large de la zone subnormale. SB: 
Somm.e des dominances des espece·s caracteristiques de Biocoenoses. 

Figure 1: Localisation des stations fixes de prelevement 

2 COMPARAISONS ENTRE LES TROIS CAMPAGNES 1976, 1980 et 1986 
Le tableau 2 fournit, d'une maniere globa1e, !'evolution du peup1ement av 

large de l'emissaire. On notera, en particulier: a) une diminution du nombre 
d'especes presentes et des indices de diversite et d'equitabilite, b)un 
accroissement sensible de 1a dominance globale d'un petit nombre d'especes 
presentes tant dans les 2/3 des prelevements (9 especes) que dans la moitie 
d'entre eux (16 especes), dmoignage irrefutable de la monotonisation et: de 1a 
destructuration des peuplements, renforcee psr 1' accroissement de la presence 
des especes indicatrices des conditions generales de la zone subnormale tandis 
que les especes indicatrices de Biocoenoses se rarefient. Les AFC (Fig. 2) 
confirm.ent amplement ces donn~es et montrent: a) 1' isolement, sur 1' axe, 1 de 
la station H3, la plus proche de 1' emissaire, qui s' oppose A 1' ensemble des 
autres stations de la campagne 1976, tandis que les prelevements de 1980 et de 
1986 se regroupent, en position intermediaire, le long de 1' sxe 2 ( et de 1' axe 
3). On peut admettre qu' il y a un etat 1976 precedant le detournement 
permanent de 1'Huveaune, petit fleuve c6tier tres pollue, dans le systeme 
d'emissaires d'eaux usees, suivi d'un etat 1980-1986. Il faut, cependant, 
gsrder en memoire que de 1976 A 1986, la degradation des peuplements a ete 
continue . 

Figure 2: Analyses factoriel1es 
de correspondances (axes 1 et: 2, 
1 et 3) 

La reduction, tres importante des rejets de particules fines vehiculsnt 
tout type de polluants, A la suite de ls mise en route de la station d'epura
tion de Marseille· (fin 1987) devrait permet:t:re une amelioration tres 
importante de la qualite des peuplements benthiques au large de Cortiou. On 
rapellera que cette reduction avsit ete proposes par routes les equipes 
scientifiques ayant travaille dans le secteur. On se referera, A ce sujet, A 
la nkente synthese de ARNOUX et al. (1987). 
ARNOUX A., BELLAN G., BELLAN-SANTINI D., BOURCIER M., DIANA C.et: MONOD J.L. 
Symp. intern. poll. urb. , Marseille, nov. 1987 (sous presse) 
BELLAN G., 1967. Rev. intern. ocean. med., 6-7:53-87; 8:51-9,5. 
BELLAN G. et BOURCIER M., 1984. Msr. Env. Res., 12:103-111. 
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M-Il 
Evaluation des dlfferentes populations microbiennes 

dans deux zones de Ia Mediterranee 

V. BRUNI, M.L.C. ACOSTA POMAR et T.L. MAUGERI 

Dipartimento di Biologia Animale ad Ecologia Marina, Universita, Messina (ltalia) 

L't!tude du rOle que les micro-organismes ant dans les ecosystt!mes aquatiques re
quiert la quantification des diverses composantes microbiennes prt!sentesa Nonobstant 
la connaissance des densites microbiennes prt!sentes dans la mer, on do it la considerer 
plutOt incomplete outre que de difficile interpretation. a cause de la diversite des 
methodes d'etude utilisees. Genovese (1981) a affirme que la distribution et la compo
sition bacterienne d 1un corps d'eau peuvent donner des indications relatives au tro
phisme, ala natu.re eta l'origine de l'eau. 

Les connaissances relatives a la Mer Mediterranee semblent assez limitees et con
cernent plut:Ot des donnees obtenues par des methodes culturales, ayant trait essen
tiellement awe: bacteries heterotrophes aerobies mises en evidence sur milieux conte
nant de l'eau de mer. (Monticelli, 1980, Genovese 1981, Genovese &...!!1· 1984). 

Les methodes de comptage direct par microscopie en epifluorescence, proposees par 
Hobbie et al.(l977), permettent aujourd'hui, de co~pter toutes les cellules d'une gran
deur dt!terminee (Total direct Count:TDC) en--Ut-ilisant diverses longueurs d'ondes ou 
bien seulement la composante photosynt8tique autofluorescente (picophytaplancton ou 
picoplancton photosynthetique). 

Cette etude-ci se refere a la distribution verticale des populations microbiennes, 
denombrees a travers diverses methodes, dans des echantillons d'eau de mer pr8leves 
dans deux zones de la Mer Medi terranee ayant des caracteristiques hydrologiques diffe-
rentes. 

Les zones etudiees sent repartees dans les fig.! et 2. Les echa,ntillons d'eau, 
preleves a la profondeur indiquee dans les fig.3 et 4, ant ete examines selon les te
chniques deja decrites (Bruni et al.1987) au microscope a epifluorescence et pour le 
comptage cellulaire total, apres coloration avec DAPI (Porter et Feig, 1980) et pour 
le comptage du picophytoplancton (Putt et Prezelin, 1985); et ensemence (par etalement 
sur milieu gelose Marine Agar 2216 (Difco) pour le comptage des colonies de bacteries 
heterotrophes capables de se developper a zo·,c_. ____ ~ 

Les donnees physiques et chimiques relatives aux echantillons examines ant ete 
fournies par le laboratoire de chimie du D8partement de Biologie Animale et Ecologie 
marine de l'Universite de Messine. 

La distribution verticale des densites microbiennes evaluees avec les differentes 
methodes sont representees dans les figures 3 et 4. 

Pour la zone qui correspond a la 'Mer de Ligure, les comptages totaux o?tenus P~I 

(;~~~:~~:!) !t ef,i{;~o'tf::~:.n~_;(~~~e~~:~~. des valeurs comprises entre 5,5x10 cell.l 

Les cellules autofluorescentes (fraction dimentionelle coll)f'rise e_'ltre 2 et 0, 22~ 
ant fait enregistrer des valeurs comprises entre 7, 7x10 cell.l (lOOmetres) et 

2,3x108cell.l-l 

Les comptages microbiens totaux effectues dans la zone des l.les Eoliennes m.ontrent 
une meilleure uniformite que7ceux d~ 1 la zone der:rite ijuparav~yt. Ils presentent des va
leurs compris'.'s entre 4,3x10 ce~l.l (500m) et 6,5xl0 cell.l (lOOml. I,~ compo~Tnte hete
rotrophlq~l aerob1e a enreq1stre df>s valcurs qut osc1llent entre q.~xlO r.ell.t et 2,85x 
10 cell.l (Ometr i I. 

CHJ- Pl•t•eount. f•btinnAgllt 

PPP- Pleophytoplllnkton 

fOC- Tot•lditeeteo..,nt 

Les donnees obtenues sur Marine Agar 2216 sont du meme ordre de grandeur que cel
les qui ont ete obtenues par Monticelli (1980) et par Genovese &...!!1· (1984) dans des 
echantillons de la meme mer. 

L'utilisation des methodes de comptage direct a permis d'apprecier des densites 
cellulaires plus elevees grace a la possibilite de depasser les limites representees 
par les cultures sur des mi.lieux artificiels. 

La presence constante de la composante autofluorescente, independanunent de la pro
fondeur et de la lumiere, semble d'un interet particulier. 

Bien que le5; donnees fournies se referent toujours a la population microbienne, 
elles sont a meme de. fournir des informations relatives a des composantes physiologi
quement differentes (comptage de toutes les cellules d'une dimension determinee, comp
tage des bacteries heterotrophes aerobies, comptage des micro-organismes photoautotro
phes). 

Les correlations relevees entre les densites microbiennes et les parametres physi
co-chimiques d' interet oceanographique sont discutees brievement. 

Bruni V., MagazzU G~ 1 Maugeri T.L., Acosta Pomar L., Decembrini F., {1987) Ulteriori indagini sul picofito

plancton nei mari italianL ~ ~· voL VIII, n.S 
Genovese s., (1978) Distribuzione microbica negli ambienti marini in rapporto alle condiz.ioni ecologiche. ~ 

models Mar. Ecosvtems, Messina, 41·48 
Genovese S., Crisafi E., De Domenico E., De Domenico H., Genovese L., La Ferla R., PulicanO G. 1 (1984) Carat

terizzazioni delle popola:doni microbiche in acque Ioniche e Iirreniche. Nova Ibalassia 6 1 Suppl. 425-433 

Hobbie J.E., Daley R., Jasper S. 1 (1977), Use of nucle,pore filters for counting bacteria by fluorescence mi
croscopy. Awl. env. microbial., 33, 1225-1228 

Montice1li L.S. 1 (1980) 1 Prime ricerche sul batterioplancton psicrofilo in acque costiere dell'Italia meridio

nale. Atti III, Congresso Ass. ltal. Oceano!. Limnol., Sorrento 18-20 Dicembre 1978, 205M216. 
Pater· K.G., Feig Y.S., (1980), The use of DAPI for identifying and counting aquatic microflora. ~ =·· 25 (5): 943-948 
Putt H. Prt.zelin B.B. (1985), Observations of diel variatiOns patterns of photosynthesis in cyanobacteria and 

nano plankton in the Santa BarbAra channel during "el Nifio". Journal of Plankton research. Vol.7 n.6, 779-790. 
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M-I2 

Distribution des Bacillus dans les eaux et les sediments 
du golfe d'Aden et de Ia mer d'Oman 

A. BOUDABOUS 

Laboratoire de Microbiologie, Departement de Biologie, 
Faculte des Sciences de Tunis, Campus Universitaire, 1060 Tunis (Tunisia) 

Plusieurs etudes anterieures des eaux et des sediments marins de 
la region Nord-Ouest de 1 'Ocean Indi.en, ont ete consacrees essentiel
lement a la distribution de la micrpflore heterotrophe (Bensoussan et 
'!.!.·, 198la), aux grands groupes bacteriens (Bensoussan et £!., 1981b) et 
a 1 'origine de la matiere organique ·des eaux et des sediments marins 
de la region Sud-arabique (Boudabous et 21·, 1981). 

La presente etude a eUi effectuee dans le meme programme de recher
che pour definir la repartitjon horizontale et verticale des bacteries 
du genre Bacillus ainsi que 1' identification des groupes isoles et leur 
distribution dans le sediment de la meme region marine. 

De 1 'etude de la microflore heterotrophe des sediments marins de 
9 stations reparties entr·e Djibouti et le large de Mascate, il apparait 
que les. Bacillus dominent 1 ·interface (0-2 em a 22 em) et representent 
70 a 90 % de la microflore du sediment superficiel a l 'exception de la 
st2tic-n 6 cU lc!; Pseudomonas a.tteignent 80 % des bacteries isolees_Ce 
dernier genre est surtout dominant (80 a 100 % de la microflore) dans 
les eaux proches du fond marin (Bensoussan 1982). 

Les coques Gram+ et Gram- et les bacilles Gram+ cohabitent avec les 
~ et representent 10 a 30 % des bacteries selon les stations. 
Avec l'enfouissement les bacteries sporulees aerobies diminuent nette
ment dans les sediments preleves a 50 em de l 'interface et disparai
ssent dans les sediments profonds.Dans les memes niveaux les coques qui 
ne representent qu'un faible pourcent (0 a 4 %) dans le sediment super
ficiel augmentent a 25 % en moyenne a so em de profondeur (13 a 50%) 
et atteignent des taux de 75 a 100 % de la microflore heterotrophe des 
sediments pro fonds ( 100 a 400 em). 

Tous les Bacillus isoles (220 souches) des stations 7,8 ( en face 
de Mascate) et"9(ati large des cotes Sud d'oman) ,ont ete caracterises 
par 149 tests morphologiques biochimiques et nutritionnels et les re
sultats ont ete analyses selon le KHi2 et les souches associees selon 
la variance. Plusieurs analyses ont ete effectuees et les reponses aux 
tests des Bac i 11 us marins on t e te comparees a ce 11 es de 39 souches de 
Bacillus de reference representant la majorite des especes connues 
~ees dans les memes conditions. 

65 % des souches sauvages associees a des especes de reference ont 
ete identlfiees a des especes connues. Les taxons identifies regroupent 
les especes apparentees a B. subti 1 is, B. firmus. B. lentus, B. bad ius et B. 
l icheniformis. Un autre groupe frequent dans les sediments Sud-arabiques 
s'identifie a ~sphaericus et. ll_.cirroflaqellosus. 

Les souches marines non identifiees (35 t. des B<~cil lus) forment 
qualrc t<Jxons stables dans lcs di fferentes analyses numeriques et ne 
s 'ilssociant pils ·•vee les especes de refer~nce apparaissent comme des 
des esJ.>eces nouvelies de Bacillus d'origine marine.Cette hypothese est 
confirmee en partie par des observations prtdiminaires des spores de 
ces groupcs .,n microscopie a balayage. 

La repe~rtition verticale des differents groupes de Bacillus (iden
tifies et non identifies). en fonction de la profondeur du sediment, ne 
presente ;:lUcune relation avec la stratigraphie sedimentaire. Les Baci 1-
lus isoles des niveaux anciens s 'associent etroi tement, dans les memes 
phenons, avec ceux provenant. des sediments recents.Cette observation 
prouve que la decroissance des bac t.eries sporulees en fonction de 1 'en 
fouissement n'est pas qualitative mais seulement quantitative et reste 
1 ice essentiellement a la diminution de la matiere organique degrada
ble dans les sediments profonds. 

La d'lstribution des groupes de Bacillus actifs ( hydrolyse des ma
cromolecules. fermem:ation et oxydation des sucres) et des groupes inac
t.i fs ou de faible activi te metabolique est homog€me et les differents 
phenons coexistent dans les memes ni.veaux sedimentaires (repartition 
horizontale). Ces result:ats suggerent que dans les conditions in situ 
une complementari te metabol ique existe entre ces groupes dans la !iiiile
ralisation et 1 'utilisation des composes mineraux et organiques. 

35 % L~~ ~~~i ~ ~~~t~:ri~~ ~~~:~;~ f~;s B~~ i ~~~~ ~~;;~:~;e~~~e~:! i ~;if~) a 
tres actives sur les substrats carbones et sur les macromolecules com
me ~.polymyxa.J!_.~ et ~.circulans ne tolerant pas les salinites 
&levees ( superieuresa 10 a 15 g de NaCl llLn'ont pas ete retrouvees 
et aucun groupe apparente a ces especes n' a pu etre isole dans les 
eaux et. les sP.diment:s dP Gol-fP. <i'AdPtJ et Mer d'O!'!'!?-n. 
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M-I3 
Evolution de Ia dynamlque des peuplements de Mlcromycetes 

de Ia zone littorale roumalne de Ia mer Noire 

Mucader APAS 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

Abstract 
A big number o:f samples :from the nearshore Romanian marine waters 
(1,300) have been analysed throughout 1981-1985 period. There had 

~=~s;d3~~t;i~~al~:.m~~~of~ial!:!on~~~no~o;!ies~y~~~J~ai:: 
orders, and Deuteromxcetes class: Blastomycetes, Coelomycetes 
orders are also presented. For the systematic account, criteria 
mentioned by Ainsworth and Sussmann (1968) and Kreger von Rij 
(1973) were used. For all :five years,qUalitative and quantitative 
analyses have been carried out, establishing also the frequency 
of either dominant and less representative species. 

En poursuivant lea recherches sur lea peuplements de micromycetes 
du littoral roumain de la mer Noire ~Apas, 1978; 1980 a, b), ce travail 
presente tree succinctement des donnees concerna:1t la dynamique des 
champignons accidentellement et rigoureusement ma.rins de la zone 
mentionnee. 

En vue des investigations, on a considere un resea11 de stations 
forme de 13 profile, l'erpendiclllaires a la cote. chaque profil 

~~! t~i! ~!~i!~&\e! l:=!f~~on~ m m~~=ueii~~~~~s p~~/ 'm~t~~ :: 
evidence toutes las saisons biologiqlles. La methode de prelevement 
lltilisee a eta cella recommandee par Schlieper (1968). Pour isoler, 
cultiver et determiner qUalitativement les especes de chsmpignons 
des classes Deut5romyeetes et Phycomycetes, on a employe la methode 
de Gaertner U96 l 1968). 

Nos recherches ont mis en relief quelqlles caracteristiqlles gene
rales de l' evollltion de ces organismes plana toni que s. Le mycoplancton 
cotier a eu gltneralement des niveaux maximaux pendant lea saisons 
biologiqlles de printemps et d' alltomne, ayant cependant des valeurs 
si~ificatives all COilrS des mois d' ate de la pl11pert des annees de 
r&:rerence. 

Durant lea ainq annees d' etudes (1981-1985), on a identifie 28 
taxons (tableau 1). Parmi ceux-ci,les genres Cladosporium,Peniclllium. 
Rhodotorula et ~ ont eu la domillation qUantitative, lea especes 
~l~~!~nant aux genres Rhodotorula et ~ ayant une frequence 

Le rapport entre les groupes ta:x:onomiqlles a toujours ete favora
ble aux champignons levuriformes, aillsi qu' on peut voir ci-dessous: 

Groupe taxonomique 

Champignons filamenteux 
Champignons levuriformes 

1981 

25,85 
74,15 

1982 1983 1984 1985 

25,83 33,?7 21,66 27,45 
?4,17 66,23 78,34 ?2,55 

De la moyenne totale de 246.225 spores par litre (pour lea cillq 
annees de recherche), environ ?5 % revient aux champignons 1evuri
formes. Le developpement excessif des formes 1evuriformes atteste 
1' etat de forte eutronhisation dll milieu marin. Deux genres sont meme 
responsables d' un phenomEme de "floraison :fongique", signale au cours 
des annees 1981 et l't84 ·- engendre par les especes de Rhodotorula, et 
en 1985 - dil aux especes de Candida. 

La quantite moyenne totale de propagules osci1lait, au cours des 
cinq ans, entre 6640 et 10.470 spores par litre, salon les stations. 

Tab1eall 1 
Structure qualitative de 1a mycof1ore et :freq11ence (%) 

des especes pendant la periods 1981-1985 

Especes 1981 1982 1983 1984 1985 

Penicillium chrysogenum 5,34 19,17 9,21 8 188 8,6? 
Cladosporium algarum 8,64 ?,?4 8,31 9,70 8,60 
Fusarillm moniliforme ,0,29 0 0 0 0 
Fusarium oxysporum 0 0,48 0,13 0,19 0,34 
Aspergillus niger 0,09 0,28 0,07 0 0 
Aspergillus fumigatus 0 0 0 0,12 0,26 
ll11aor racemosue 0,14 0 0 0 0 
M11aor ap. 0 0,20 0,13 0,4? 0,2? 
Rhizopue nigricans 0 0 0 0,07 0,09 
Rhizopue sp. 0,12 0,28 0,22 0 0 
Epiaoccum ma.ritimum 0,16 0,06 0,13 0,27 0,15 
Alternaria maritima 0,09 0,09 0 101 0,05 0,05 
Trichoderma viride 0,73 0,19 0,04 0,03 0,03 
Cephalosporium acremonium 0,18 0,37 0,18 0,22 0,38 
Plll.ularia plll.ullans 0,02 0 0 0 0 

;:;:i~iiii: i:~:~ g g,?l g,l? g,04 g,lO 
Trichophyton mentagrophytes 0 0 0 0,10 0,19 
Trichophyton sp. 0 0 12,34 0 0 
Botryotrichum pillll.iferum 0 0 0 0,14 0,09 
Champignons filamenteux non-identifies 4,03 0,47 0 0 0 
Rhodotorula glutinis 40,18 20,33 20,12 48,45 23,16 
Candida albicans + C.maritima !0,43 28,20 23,09 0 0 
Cryptococcus neoformans 10,39 10,73 8,3? 2,13 5,39 
Geotrichum candidum . 2,39 ?,5? 9,27 5,77 2,26 
Champignons levur.iformea non-identifies 6,?4 3,15 0,11 0,06 0,10 

Lea recherches seront continueee, qualitativement aussi bien q11e 
quantitativement, en divers biotopes et zones de lamer Noire, en·les 
aompletant en meme temps avec certains aspects eco-physiologiques. 
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The role of marine Fungi in the degradation of sea grasses 
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In marine coastal ecosystems~ the production ot· m~:IC:f'(lphytes 
sea g\-asses, mangt-c•ves constitute the natucal and most tmrrcn-tar1t 

food sources for mar1ne invertebrates and vertebrates CMann 
1976). App>-c•>:imately 5Y. c•f the mac>-ophyte p>-oductic•n is consumed 
directly by herbivores IFenchel, 1972; Odwn, Zieman and Heald, 
1973) and the remainder must be converterl to microbial b1omass 
before it can be uti 1 i zed by pr imat-y consumers ( Harg1-ave, 1976; 
Yingst,1976;Heinle, Harris, Ustach and Flemer,l977,Tenore, 19771. 
Considerable informat1on is available c•n the ~.ccur~·ence c•f marine 
fungi c•n woc•d and othel- cellulosic matel-Lals (Jones, 1976; 
Kohlmeyer and Kohlmeyer, 19791; howevel- remad•:<,bly little i~ 
known about mat-ine fungi gt-owing on sea grasses such 
Cymodocea, Pc•sidonia, Thalassia and 2ostet-a. 
Few studies have been undertaken of the degradation of 
grasses in marine ecosystems. 
Ma>-sh plant deg>-adation has been studied by Gessne,-
( 1976; 1980 I, c,-abtree and Gessne>- ( 1982), Tcq- z i 11 i and 
Andry~;:ovi tch ( 1 '780 I; seaweed by Tubaky ( 1969), Mi lle•- and Jc•nes 
(19831 and Schatz (1984). Detailed .:.tL<dies of mangrc•ve leaf 
b>-eakdown had been ,-epo.-ted by Fell and Newell (19811, and 
Cundell et al.(l9791. 
Bt-eakdown and cc•nve\-sion of Posidonia oceanica leaf biomass had 
been •-epc•rted by Cuomo 11986) and Cuc•mo ~<l987a,l987b). 
Detailed information is available on the colonization and 
enzymatic b>-eakdc•wn c•f lignicellulose mate>-ial <Jones E.B-G. 
1976; Leightley L.E- and Eaton R.A. 1977, Leightley L.E. 1980), 
Ma>-i>1e lignicoloL\S fungi have been shc•wn to possess a wide ,-ange 
of enzymes capable of utilizing wood components: cellulose, 
xylan, glucomann and lignin lcellulases, hemicallulases, laccase, 
tyrosinase, laminarase), Tubaki I 19691; Leight ley L.E. ( 1980), 
CL<omc• I 1987 a) , 
Degradation of sea grasses in ma>-ine ecosystems has been studied 
and the role of higher marine fungi in this process proves to be 
impo>-tant. These studies have shc·wn that a wide ,-a.-<ge of fungi 
is involved in the degradation. 
Membe>-s of the F'hycomycl!:tes !Fell and Master; 1975) a•-e e,;n-h 
colc•nize,-s of mangt-c•ve leaves. These? are later r~plac:ed by a WJ.de 

variety c•f Ascomycotina and Deutet-omycotina (Fell and Ne1.-4:ell ~ 

1981). 
Similar cell wall deg\-ading enzym0s have been 1-t-pcq-ted ·feor· a 
t-ange of salt marsh fungi (Gessmet- 1980; Torzilli .:.'1.nd 
Andrykovitch 19801. The mechanical and biochemical breakdown of 
marine ang.iosperm leaves 15 a process that should be taken due 
note of and investigated further. 
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Antibiotic resistance of bacteria! strains 

isolated from the marine environment 
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Introduction. 

The widespr~ use of 81ltibiotics in tq"iculture end medlclne Is considered as the major responsible 
factor increesing the isoletlon f~ies of 81ltlblotlc-res1st81lt microorl)!lnfsms. It has been oomonstreted that 
81ltlblotlc-res1st81lt m icroorl)!lnisms eventually may enter Into the marine environment thi'OI.¥jllend runoff end 
sewage discharges (2,4). 

This study was undertck.en to provide descriptive Information about 81ltlblot1c resist81lCe patterns of 
mtcrooroanlsms (fec~~l pollut1on Indicators end pathogens) Isolated from mertne envtrooment (water, 
shellfishes, end sediments), 8nd to explore whether this reslstlR:S !lbll1ty Is related with their respective 
tcxonomtc Qroops. 

HaterlaJ and Hethods. 

Samples were collected In lhe mertne eree neer auedelhorce river mouth end in beoches affected by 
sewage discharges In M6l81J8 (Spain). The studied m fcroorl)!lnlsms belong to two Qroops: fee~~ I pollutloo lndicetors 
( COIIforms end fetlll Streptococc1), end petto;)3ns ( Psetd:¥T11Y18S aertQIIJOS8. Selmt¥lfJII8 spp, A8rr.¥nul8s 
/tyt:TqJhi/4, Yibrio spp, end SltfJhyla;wcus spp). The culture media employed for the mlcroorl)!lnlsms Isolation 
were: Endo t!q!JI' for COiiforms, KF qr for Fec~~l Streptococci, Cetrlmlde t!q!JI' for P. aertQiiJOS8, XLD tqr for 
S81mt¥lfJ/18 spp, m-A medium for A. /Jyd"t¥J/1114, TC8S qr for Ylbr/Q spp, 8nd Mennitol Salt tqr for 
$ttfJhyl«m:vs spp ( i ). The study of entlblotlc reslstence patterns of Isolates were determined by the disk 
dlffusloo methOO ( 6). The reletlonship between reslstlR:S patterns of the different b«:terial IJfOOilS was studied 
by applying the formula pr~ by Kelch & lee ( 4). 

Results and Discussion. 

The results obtetned from the 81ltlbtottc susceptibility study are sha!Vn In T!lble I. They reveel the 
existence of h~ reslstlR:S f~les to ernoxyc1111n and tetracycline, and low reslstlR:S frequencies to 
cerbenlclllln, gentamicin, and colistin, among Oram-negatlve mtcrooroentsms. A hi~ reslstlR:S !lb111ty of P. 
/Jl!rut;ill05ll strains l:s ~.according to the re:sult:s obtained by other authors ( 3,5,6). for Oram-posltlva 
mlcroorl)!lnlsms, two different resistlR:S profiles ere observed, being the hl~t reslstlR:S pettern for Fec~~l 
Streptococci strains. 

The study of the relatloo emong reslstlR:S patterns of microbial Qroops Is shown In T!lble 2, 
Independently of the Isolation envlrooment (water, shellfishes, or sediments). In this T!lble, no correlattoo 
between P. 68f'tQiiJOS8 and the other mlcrooriJ!IIllsms Is observed. Similar results ere obtained for Fec~~l 
Streptococci. This shows the presence of specific entlblotlc reslstlR:S patterns for these mlcroorQIIllsms, being 
!XJSSibly associated to lhelr respective taxonomic !J'OOJlS. for the other microbial Qroops sl!1)1fic81lt correlations 
among them ere obtained, especially for COIIforms. This means that the microorganisms heve similar reslstence 
patterns, which can be explain by the exposure of mlcroorgenlsms to these substances In their orlolnal 
environments, or beceuse they have developed similar resistance mechanisms egolnst antibiotics ( 4). 

Frequency {%} 

Anttcb;::)ics 'P. ac~u9-U<o~ 11 Coliforms~ Saflncmr.>.l...la ""PP~ A. ftucbwphi./..a 3 V.i.b-t.i.u "'P/ Sta~l..ococ.cnA -1p/' Feca'l Strep~ 
(n=-25) (n~56) (n:l5) {n=32) (n=22) {n=l2) (n:4l) 

ea.oo· 

TABLE 2. Coefficients of correlation between the antibiotic resistance patterns of the studied microorganisms. 

V ibll..i..o Sta~ lococcuA 
Streptococci 

?. ae"J..t.g...utoAa 

Coli forms 0.429 

SabnoneU.a spp 0.833 

A. h.yd~toplula 0. 756 0.621-H 

Vt.bl!io spp 0.829 0.552... o.aos* 

Si..aphy locoCCll.-1 spp 0.539 
.. 

0.838 0,703. 0.921 .. 

Fecal Streptococci -0.214 

Confidence level of coefficients of correlation: •• 90% 
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SUt1MARY 

During the summers 1986 and 1987, a survey of the french mediterranean b'each contamination 

by potentially pathogenic keratinophll ic fungi was undertaken. 125 sand sampling from 12 different 

beaches were examined. Among the 145 fungi identified only 8 keratlnoph11ic and weakly pathogenic 

species were accountered. 

le? dermatophytes, champignons kera\inophiles provoquent diverses affections de la peau et des 

phaneres (cheveux et angles). Certaines especes sont incrimlnees dans las mycoses estlvales. Peu de 

donnees sont disponibles sur Ia presence de dermatophytes dans le sable des zones cotieres marines a 
vocation balneaire et recreative ; Kishimoto et Baker, 1969 ; Bergen and Wagner-Merner, 1977 ; 

Todaro, 1978 ; Esterre et Agis, 1983 ; Dabrovna et al., 1984; Glp and Paldrok, 1986. 

Dans Ia presente etude, les champignons keratinophiles ont eta recherches dans 125 echant1llons 

de sable de plages ( 82 recoltes en flacons plastiques ster11es at 43 par empreinte de moquettes 

sterilisees. L'echantillonnage a ete realise selon des radlales perpendlculaires a Ia rive en prelevant 

pour chaque echantillon 100 g de sable a partir de Ia surface et jusqu'a 5 em de profondeur. les 

premiers prelevements de sable ont ete effectues a des distances comprises entre 1 ii 5 m de lamer, les 

autres a des distances comprises entre 5 et 15 m, puis superleures a 15m. 

Pour chaque echantlllon de sable, trois techniques ont eta utllisees pour l'lsolement des 

dermatophytes : 

La technique du piegeage par cheveux (Vanbreuseghem, 1952), modifies per Orr ( 1969), Ia 

filtration sur membrane ( 0,45p) des eaux de lavage de sable et Ia technique d'empreinte par moquette 

(10cmx lOcm). 

Les primocultures ont ete effectuees sur gelose Sabouraud au chloramphenicol ( 0,05 :!: ) et a 
l'actidlone ( 0,05 :!:) et sur gelose. Dermatophytes selective selon Taplln. La croissance des 

champignons fllamenteux a ete observes pendant2 a 8 semaines, puts Jes souches suspectes replquees 

sur gelose au rnalt pour identification. 

Parmi les 145 champignons filamenteux isoles, les especes keratlnophiles que nous avons le plus 

frequemment rencontrees ont ete : Artllrographis lalrai ( 4,8 %) , tticrotJSCus trig:JI7osporus ( 2,8 

%), Cllr_vsosporiumkeratinopllilum ( 1,4 %) et Cllr_vsosporiumcormich8fJ!i (0,7 :!:). 

Les especes non keratlnophlles mais faiblement pathogenes ont ete: PtJeC!Iom.vces 1118Cinus ( 11 

%), Acremoniumstriclum (4,8 :!:), {ieolricllumcendidum (2,8 :!:). Le seul dermatophyte isoleau 

cours de ce travail, Trichoph_vton·terrestre ( 0, 7 :!: ) est une espece strictement g9ophlle jamais 

rencontree en pathologie. 

Nos observations sur les champlgnons keratinophlles !soles du sable des plages de Ia rotes d'Azur 

sont comparables a celles d'autres auteurs et plus particullerement a callas de Todaro ( 1978) qui a 

signale Ia faible fre<Juence des dermatophytes dans Ia sable des plages m8dlterraneennes (Siclle, 

ltalie), ce qui peut etre expllque par Ia pauvrete du m11ieu en matiere organique, sa forte dessication et 

r influence des ultra-violets. 

BIBLIOGRAPHIE 

Bergen l. and Wagner-Merner D.T., 1977. Mycologia, 69: 299-308. 

Dabrovna N., Landau J., Newcomrner V. and Plumkett 0., 1964. MycopBthol. Mycol. Appl., 24 : 

137~ 150. 

Esterre P. et Agis F., 1983. Bull. Soc. Fr. Mycol MM., g, 1 : 115-119. 

Gip L. and Paldrok H., 1966. ActB Derl. Venerol., 46: 78-81. 

Kishimoto R. and Baker G., 1969. Mycologia, 61 : 537-548. 

Orr G., 1969. Sabouraudia, 7 : 129-134 

Todaro F., 1978. Nuovf Ann.lg. MicrobioL.~. 6:491-498. 

Vanbreuseghem R., 1952. Ann. Soc. Beige Med. Trop., 32: 173-178. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

II 



II 

M-Il3 

Survival of Candida albicans in sea water 

R. CORNAX, M.A. MORINIGO, E. MARTINEZ-MANZANARES,I.G. PAEZ, P. ROMERO and J.J. BORREGO 

Departamento de Medicina Preventiva y Salud Publica, Microbiologia e Historia de Ia Ciencia, 
Facultad de Ciencias. Universidad de Malaga (Espaf\a) 

The conw:t or miaobi.al. cells with m adverse envirollmem, may result in pbysiologic:al. damages whicll 
may be sublethal ot produce the death or the cell. The pbysiological damage ot 3fless exerted by the lDlll'ine 
envirolllnent 011. the alloc:bUulous biCteri.a can be studied by observing either the biCteri.al llnlctllnl 
disorglllizaliOII.otitsiubilitytDgrowinaseleclivemedium. However. thesestresled cells can be developed in 
culmra1mediawhidldo.IIOtCOIIIaininhibioorysub!WiceS(l). 

Cudidii6JIJiQIIIS is a component or the imestiui flora or 8lli.mals 8lld birds 8lld its occurreace in lWUl'liJ. 
Wltetl is IIIOci.ated to fecal c:oatamiJW:iOII. (2). c llbit:lllll hu beet!. proposed ... poteatial Willer qlltl1ity 
indicatotorglllism (3). 8lld u magemor myccc:icinfecliaasinh1lmllls. 

Inthispapertheinfluenceor someenvirolllnemaJ.faaarsOII.tbeinaaiVIIiOII.processor C .tfliQI/IS by 
xa water i1 sudied. 

Mau;ia!sarul Methods. 

five test !01111iaas were iAvesliBated to study tbe eft'ect of tbe different faaars of the seawater 011 C 
llbit:11111(C.E.C.T., 1394): (a)UIIJIOllutedraw seawater, (b)art:ificiaheawltet, (c}filtered art:ificialseawltet, 
supplemearedwitb 1 'A of sewage, (d)art:ificialseawltetwitbligbt. PhysiologicalSilineloluti.011(0.8S 'A N.O) 
wuused aCOIII:rOI!Oluti.OJL All tbetesuoluti.0111were.IUiJailledindlrtlless 8lld at a COIISWit~ ot 
1s·c, excepcoaeart:ificialseawater!Oluti.011thatwusubjectedtDcoutaatSUlllight. 

The miaobi.al. IUipCIIIi0111 were sampled at 0, 1, 3, 7 8lld 14 clays from tbe start of the 
experiment.Enumerali011. or miaoorglllisms wu carried out bytbe spread plate teclulique 011 selective mCA 
1111r, (2), 8lld .11011-seleclive media (TSA) (Dileo), from decimal diluti.aas at tbe test suspensi0111. All the tests 
werepafarmed011triplicateplatesfoteaclldiluti.0118lldmedium. 

Results 8lld Discuai011. 

No ligJiificaat inaaiVIIing eft'ects or art:ificial seawater, filtered -Water 8lld art:ificial ~ 
supplemented with sewage was observed 011the survival of C Milieus, because in tbese media, u well u i1l 
tbe Slline soluti011., C .tfliaJJS COIICellll'lti.0111 remaiDed mote ot less COIISWit. The condili0111 whicll produce 
thehig.best.negativeeft'ects Ollthispatbogenweretbeestablisbed byrawseawlter(0.28 'A of survivocs after 14 
clays)8lld,mai11.1y,art:ificia1-wateraposedtDvisiblelight, whicllprovokestheiJw:riVIIioaofalm.osttbetotal 
oftbemiaobial titre (Figure 1 ). 

The biOiic 1IDfillrllb1e raaars were tbe priaeipal respoasibles foe tbe inaaiVIIi011. or tbe microotg&Dism 
populati0111inthe sea. These bi01icfactor1 aremai11.1yformed by predators (4), 8lld micropredaton (S). Allotber 
iJw:riVIIiODfactoristhecompetitionfocnutriemsbytbeautochroaaosmicrofloca(6, 7). 

Light action produces photooxidation of Wa1 medllllisms of tbe cell (8). This inactiVIIi011 etJect it 
proportiOII.altDtheialensitymdtime exposuretD radiation. its eft'ectbeing delerminedby tbe ll'IIISpC'ellcy 8lld 
Cllllcelllrllion of particulate mltterdislolved i11wtter (9). 

:::~----=---------

TIME (OAYSJ TIME {DAYS) 

Figure 1 : Survival of C. albicans in : Saline solution (SS) ; untrated 
seawater (USW) ; filtered seawater (FSW) ; artificial seawa
ter (ASW) ; artificial seawater plus sewage (ASWS) ; artifi
cial seawater plus light (ASWL). (--- Recounts on mCA 
- Recounts on TSA) . ' 

~ 
I. Hoadley, A. W .. 1981. In: Membnme Filttar.iOD: ApplicatiOJIS, Techniques md problems. B.J. Dutb(eG.). 

Marcel Dekker. Inc. New Yort. pp. 199-208. 
2. Buck, J.P. & PM. Bubucis, 1978. Appl. Environ. Microbial. lS: 237-242. 
3. Coot. W.L &R.L. Sdilit:zer.l98l. Appl. Enviroll. Miaobiot 41: &10-842. 
<4. Mai11XJ, L.M.; C.S. Yut; L.N. Liang&M.Aiaandcr,1983. Appl. Environ. Microbial. 46: 1073-1079. 
5. Geldreicb. E. E .. 1980. J. War«Pollut. Coortc1 Fed. Sl:tnS-1800. 
6. Ventnete, W. & J.P. Voets, 1976. Wit. Res. 1Cll29-136. 

7. de Vicente. A: M. A vii~: J.J. Bot!'eio&P. Romero. 1988. Zbl. Bakt.HYJ. 1m: ~3<4-.5<47. 
8. Dutka, B.J.. 1984. Appl. Environ. Miaobiol. 48: 970-97<4. 
9. Fujioka, R.S.; H. H. HuhimotD; E. B. Siwat: & R.M.F. Young, 1981. Appl. Environ. Miaobiol. 41: 690-

696. 
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M-II4 
Comparison of faecal coliform levels in Mussel flesh 

and flesh/intervalvular fluid 

Nada KRSTULOVIC and Mladen SOLIC 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

The scope of this investigation is to establish the difference 

between faecal coliform levels in shellfish flesh and faecal coliform levels 

in the flesh and intervalvular fluid of shellfish.Obtained results would 

be used as the basis for. the recomendations concerning the most appropriate 

method for for shellfish studies in the framework .of our participation to 

WHO/UNEP MED POL Phase I I Project. 

Material and Methods 

Samples (Mytilus galloprovincialis and their growing sea water) 

were collected in the coastal area of Split in 1986 through 1987. 

Faecal coliforms were analysed in the mussel flesh and in the 

mussel flesh together with intervalvular fluid. At the same time faecal 

coliforms were studied in the mussel growing water. 

Methods proposed by WHO/UNEP were used ( musse 1-multipl e test tube 

method, 1 sea water-membrane filtrations methoi). "+ 
c" 

Results and Discus ion 

High corre la ti on was 

established between faecal coliform 

concentration in the mussel tissue 

alone and faecal coliform concentra

tion in flesh/intervalvular fluid 

(Fig.1 ). The correlation coefficient 

was 0.96. No essential difference in 

concentration of FC were found between 

them.So it led us to the conclusion 

that both methods were equally sui table. 

The comparison of the faeca 1 

concentration in the flesh/intervalvular 

fluid and in flesh alone with that in the 

growing water shows their relationship 

~t::J9" 

.. 
r;; 0.96 .. 

:: 

r --- --T--··- -,......--~ 

l ) ' \ 

log No FC in ftuh 

~· Ratio of FC concentrations 
in flesh/intervalvular fluid 
to those in flesh. 

to be for the most part proportional. This 

means that in more polluted areas the 

concentration of FC in flesh/intervalvular 

fluid is higher than in flesh alone (Fig.2). 

, ~ 0.76 

The same conclusions could be 

drawn from the analyses of the relation

ship between faeca 1 coliform con centra t

ion in flesh and that in growing water 

(Fig.3).and the faecal coliform concent

ration in the flesh/interval vular fluid 

and growing water (Fig.4). In the former 

case the correlation coefficient was 0. 75 

and in the latter 0.80. 

Conclusions 

No essen tia 1 differe11ce in 

faeca 1 co 1 i form concentration in she 11 fish 

flesh alone and that in flesh/intervalvular 

Fi". 2. Ratio of FC in flesh + inter
valvular fluid/FC in flesh to 
FC concentrations in the sea. 

r=0.7? 

-·\--~,------;-- ~-:---;--~s -·---~ 
loa No FC 1n sao 

fluid was established,which points to the I!&.:....l.· Ratw ot •~ -----cutrauou~ 
fact that both methods are equally applicable. flesh to those in the sea. 

However, we sjloul d 1 ike to 

recommend the flesh/intervalvular fluid 

method for determi nation of faeca 1 co 1 i form 

con centra ti on from the fo 11 owing reasons: 

The coefficient of correlation 

with the growing water is slightly 

higher particularly in more pollu

ted areas. 

The method is more simple since 

flesh needn't be separated from 

intervalvular fluid 

0' 
~ 
~ 
~) 

..:: I 

~·1 
~ I 

: 'i 
~v 
~~--~~ ·----~,~-~-~-~ 

lOg No FC in seo 

r = 0.80 

Both flesh and intervulvular fluid 

are used as human food. 
~ Ratio of FC concentrations in 

flesh/intervalvular fluid to 
References: those in the sea. 
1.WHO/UNEP,1983.Determination of faecal coliforms in bivalves by multiple test tube 

method.Rev.1. 
2.UNEP/WHO, 1983.Determination of faecal coli forms in sea water by the membrane 

filtration method.Rev.1. 
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Isolation and counting of S. aureus from sea water samples 

A. MAVRIDOU, M. LAMBIRI, E. VELONAKIS and J.A. PAPADAKIS 

Athens School of Hygiene, Microbiology Department, Alexandras 196, Athens 11521 (Greece) 

Attempts to isolate and count staphylococci by direct plating on se
lective media come up against a number of difficulties as a higher num
ber of other cocci (planococci, micrococci) grOIN and mask or inhibit the 
growth of S.aureus colonies.As a result small quantities of sea water 
(0.2-0.~ ml) can be plated in order to obtain growth which permits the 
recogni fion and isolation of S. aureus. To analyse a greater quantity of 
sea water and to get better results with greater volumes of sea water 
we used 'the membrane filtration technique and the membranes were incu
bated on 4 selective media: 1) Vogel & Johnson agar (VJ) (DIFCO) , 2) 110 sta 
phylococcus agar (OXOID), 3)Chapman medium (OXOID), 4)4-S agar modified 
by Mintzel-Morgenstern & Katzenelson (Yospe-Purer & Golderman, 1987) . The 
referencemethod by direct plating 0. 2-0.5 ml of sample on Baird-Parker 
medium was applied in parallel.Plates were incubated at 37°C for 24 -
48 hours·. A number of typical for staphylococci and atypical colonies 
were identified according to Morello & Randall 1981 (TABLE 1) .The VJ a
gar was proved to be the most selective for S. aureus colonies. A great 
number of typical colonies on VJ agar were shown to be coagulase positi 
ve. The 4-S agar gave the greatest number of atypical colonies, then the 
Chapman and the Baird-Parker media.Again on VJ agar the highest number 
of other staphylococci species grew, followed by Baird-Parker medium 
and the smallest number of other Gram-positive cocci (mocrococci, plano
cocci). 

However, even with the more selective VJ agar we could not get satis
factory results when volumes such as 100 ml of sea water were filtered 
He turned to a HPN technique proposed by Standard Methods 1981 for drin 
king and surface water samples. The m-staphylococcus broth formulated 
for drinking and surface water samples produced appreciable amount of 
precipitation with sea water.Appropriate modifications were applied and 
finaly the medium was formulated as follows: 

Single strength :Tryptone 1 Ogr, yeast-extract 2, 5gr, lactose 2, Ogr, man
nitol 10,0gr,sodium chloride 75gr,sodium azide 0,049gr, dist. water 11, 
final pH 7 ,0. 

~~~~i~oit25~6t~~, ~;~1~~n~hi~f ~a~ I ~6~5t g~~~;~~~ 5 ~~r~~ ~~0~8~~, ti~£:~ter 
11, final pH 7 ,0. 

the T~;o~~~i;}e~t~~~~~~c~~~i f~~ad n6~ ~~r;~,;:uder~~;~t;i t~~i~,~n ~~~~~I~!ng 
tubes were streaked on Vogel - Johnson agar (VJ) (DIFCO) and on Lipovi
tellin - Salt - Mannitol agar (LSM) , proposed by the Standard Methods, 
1981. Typical staphylococci colonies were typed according to Morello & 
Randall, 1981.0f the 68 samples examined 27 (39,7%) were. positive when 
the VJ agar was used while 11 (16,2%) were positive when the LSM agar 
was used.Nineteen samples positive on VJ plates were negative on LSM 
ones but only 3 positive on LSM plates were negative on VJ ones (TABLE 
2) .On samples. positive with both media the MPN was generall.y higher on 
the VJ agar.False positive colonies appeared on VJ plates of 7 samples 
and on LSM plates of 28 samples (P" 0 1 001) • 

In conclusion MPN technique using modified m-staphylococcus :cbrbth 
and plating on VJ agar seems to be a suitable method for the detection 
and enumeration of S. aureus f.n sea water samples .Further research should 
include the growth of other staphylococci sp., as S.epidermitis, on VJ 
agar and the evaluation of other media proposed in the bibliography. 
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M-Il6 
Serologic characterization of Salmonellas 

isolated from polluted seawaters 

M.A. MORINIGO, R. CORNAX, M.A. MUNOZ, D. CASTRO, P. ROMERO and J.J. BORREGO 

Departamento de Medicina Preventiva y Salud Publica, Microbiologia e Historia de Ia Ciencia, 
Facultad de Ciencias, Universidad de Malaga (Espana) 

More then two thoUMncb Miroty~Ml$ of s.!mtJIJd/11 ere known COII$ideri ng to this microorganism 
potentially pathogen to human end animal populatioM ( 1 ,2). Salmonellosis ere traMmitted usually by fecel 
contamination ofthe veter and food, and 30me serotype$, such as S. /j'JJ4imllfi1Jil1 and S.I!JJUrilitlis, cause a 
large number of i nfectloM. 

In the present study -..ere chorecterized Mirologically 172 i30lates belong &/mQJJd/11 genua. All the 
microorganisms wre i301ated from two marine zones su~ject to polluted diechorges. 

Sampllna Areas. 

T'w'O zones wre selected for the sampling. One of them ws sited in one marine area influenced by the 
disehorges of Guedol horce river (11ilaoa-Spain}. Thiurea is polluted by fecal and industrial diechorges. The 
second area of study ws established In the zone Influenced by the upwlllng of a submarine outfall In 
Fuengirola (Hilaoa-Spain). The pollution of this zone is produced by domestic sewgediechorges. 

Results and Pisclmioo. 

In Tables 1 and 2 are descri'*l the &/mtallld/6serotype$ i30lated and their frequency percentages. As 
c.n be- in the marine aree affected by riwr cliecher9111, there ia a IO¥er number of Mrot\lpea, due 

probebly to the nature of discharge (mixed pollution). In both zones, the same serooroup of Sll.motJdl•....ere 
Isolated, and C1 ser09roup 'e'8S preponderant In both zones. Others serQ9roups that -..ere si9niflcantly 
detected -..ere C2 in marine zone effected by river discharges and Bin the area of submarine outfall influence. 

The percentages af detection af &!m0tldl11 MirotYP'l$ -..ere IO'tt'er then 1 0 ~ except in the ~ of S. 
IJIPIIitllllfiTJJl1 aad S. ollio in the zone affected b\1 the river (25 and 23.36 ~. respectivel\1), end S. 
IMIIIJIDI, S. bii:!Clt~ and s. I}'JJiilll~nillll In the zone etrected by the outflll dlechorges, although the 
ve1ues of these threes serotvpes never -..ere eq11111 or h19her then 20 ~. S. IJ/tJt:kl~ 'e'8S oolv i30lated from 
30Ur~ that pcmes a domestic fecal i nfl1111nce and for this reeson their detection ma11 be associated te 
m:lusiwlly fecal orijJin. 

In .fables 1 end 2 are exposed the relatiooshi p between i301ation percentage and drift time in the sea. As 
can be seen a cloae relation mav not be establ1shed between these parameters, results that are In agreement 
with thoae o~ned bv other authors (3,4) in s./m011d16survival studies. 

Table 1: !.Jetection percentage of different aerotvpes i301ated from marine zone affected b\1 
diechorges of the river. 

Drift Ti• i• t .. ace 
Serotvpes SerQ9rollp Omin 0-10min > 10min Total 

(.!l!.llL__C.!!.::l!L__C~L_{~ 
Self -egg I uti nable 21.21 5.55 24.00 18.42 
lnmobile 3.03 1.31 
S.lJ'Pilittltniurl B 12.12 27.77 40.00 25.00 
S.iJli'Dtis C1 9.09 9.09 5.26 
S. ollio c1 18.18 33.33 7.89 
s. JMf»>Jp6i cl 5.55 1.31 
s.~ C1 3.03 1.31 
s. dJompsaz C1 3.03 4.00 2.62 
S.IJ/ocli~ c2 3.03 1.31 
s. /JoJI'is-JiladJiliaJIS c2 4.00 1.31 
S.lllllt!4CIJt!ll c2 6.06 2.62 
.S.t!lltetilitlis D 12.12 4.00 6.57 
s. /Otklt» E1 6.06 22.22 7.89 
s. .-ltembely E4 5.55 1.31 
s. lilboiJy E4 3.03 1.31 

Table 2: Detection percentage af different serotypes iaolated from marine eree affected b\1 dischorges of the 
submar1 ne outfall. 

Dr1ft H• I• t .. ace 
Serot11pes Sar09roup Omin 0-10min >10min 

{o=~lll <n::ZZ> {o=l ~l 
Self -aggl uti neble 
lnmoblle 
S.typ.tilllllli1Jil1 B 13.33 9.09 
s. IJtMJIIt!nJp CJ 1.66 
S.iJll'illllis c1 6.66 7.14 
S.Jil~ Ct 4.54 
S. lll0/1/eni/eo c, 4.54 
S. ollio c1 8.33 13.63 7.14 
S. tllt'/Utit!tllbllfT C1 1.66 4.54 
s. pcmlillll C1 13.63 
s. dJomjlSlJD c1 15.00 22.70 9.09 
S. widow CJ 10.00 7.14 
S.IJ/ocli~ c2 8.33 22.70 7.14 
S. bt:wis-llladJilicus c2 7.14 
S.lllueDCIJt::D c2 7.14 
s. t:llltnt:itlis D 3.33 4.54 
s lontbb E1 10.00 7.14 

(1) REASONER, O.J. 1981. J. Water P'ollut. Control fed.~: 1112-1134. 

(2) NABBUT et al. 1982. Bull. World Health Or g. ~: 803-807. 

(3) CORNAX, R. 1986. Tesis de licenciatura. Universidad fie Malaga. 

(4) ~ORINIGO, M.A. 1987. Tesis de Ooctorado. Universidad de Malaga. 
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Total 
{o=2!:il 

10.41 
1.04 
5.20 
1.04 
1.04 
9.37 
2.08 
3.14 

16.66 
7.29 

11.45 
1.04 
1.04 
3.12 
7.29 
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Relations between indicator microorganisms 

and the presence of Salmonella in a polluted marine zone 

M.A. MORINIGO, M.A. MUNOZ, R. CORNAX, E. MARTINEZ-MANZANARES, P. ROMERO and J.J. BORREGO 

Departamento de Medicina Preventiva y Salud Publica, Microbiologia e Historia de Ia Ciencia, 
Facultad de Ciencias, Universidad de Malaga (Espana) 

~· 

The iocrease of the sevage di:sposal have inten:~ified the detection of pathooen:~ in the marine 
environment. The aneltpls of the:le mlcroorgan1sms ts not easy~. and for tlli:s reason to evaluate the 
quelitlJ of Yater the indicator microorganbms are emplol}ed (Bonde, 1977; W .H.O., 1977), bec803e thev are 
reletioned with the pathogen:~ (Cabelli, 1977), and are emer to detect. 

In thi:l wrl: the s.r!maadl•detection percentage in relation:~hip with the median of the Jog-normal 
di:ltributioll:l ofthe indicator microorgeni:lms is :ltOOied. Seven samplino :station:~ -were ct.Josen in one marine 
zone, vhlch supported the dl:scharge:s of the Guadelhorce river (Milage-Spain). The source of the:le 
di:schllrge:s are urben and indu:strial. 

Re!u!ts and Dix!mjon 

To evol uete the quelity of the:le wte" are "* the criterion:~ 'pecified by M.O.P .U. ( 1977) end W .H.O. 
(1974). 

In Table 1 the correlation equetion:~ between the detection percentage of pathoQen and the median of the 
log-normal dl:ltribution:~ of concentratlon:;o of Indicator microorganisms are xhematiced. The most 

s19flificetive and high correlation:~ -were obta1ned with Total Coliforms (TC) and fecal Streptococci (Sf}. The 
colip~ (Ph), vhich are propoaed as indicator b9 different authors, :shoved e similar value:~ to TC end Sf, 
although his significance level vas IOYOr than TC and FS. 

In Tab.2 it is possible to observe that in cases of an elevate pollution (high 
concentrations

5 
of indicators), the quality of water is guaranteed by the analy

sis of indicato~s, but is different when the pollution is low (with titles ~f FC50; 

~;=i~i~ i!7!~t!;~-~~~~n!~~:) a~e=~o!~~~e~i=~a~~ ~!- iol!~OJ~l00/100 111!) 1t was 

At 1-t 10 • of hezerd to detect •lmonellas 'IllS obxrved with concentration:~ of other indicator 
microorganisms such as 600TC/1 00 ml, 50 Clostridia sulfite raducers(Cs}/100 ml and 100 Pll/100 ml, 
vhich are tittle:~ of -nters with xerce pollution. 

In short, In those vaters, vhlcb are lnflueoced bg dixharge:s af mixed pollution, and due the relative 
rasi:stance of s.!mOMIJ•to adverse environment (Mejori et at., 1978; Cornex, 1986; Morimgo, 1987), 
tha quality of those veters is not guerenteed bg aneltpis of indicator microorganisms vhen the pollution i:s 
verv lov or moderate. 

Table 1 : Correlation:~ e:stablished between the coocentrationsso (x) of the indicator microorganisms and the 
probebilitv to found s.r!maJeiii(IJ)in the marine aree efected bg the dixhar~,~e:s od Guedlllhorce river. 

1J • log (TC):!O 1.2159- 0.9076 ( r "0.8939; p< 0.005) 
g=loij(fC):!00.9108-1.0352 (r=0.7231;p<0.1) 
g =log (Sf):!O 1.3595- 0.2165 (r = 0.8497; p < 0.001} 
plog(Cs}:!O 2.4965-1.6653 (r=0.7326;p<0.1) 
y =log (Ph):!O 1.1930- 0.0529 (r = 0.8182; p < 0.02} 

Table 2: Concentration:~ so of the different indicator microorgen1sms with vhich the probability to found the 
pathogen ere 50 and 1 0 •· 

lllfic.t•r tficrMr,.•i• .. 50S lOS 

Total Coliforms (TC) 4x 104 5.5x 102 
fecal Coliforms (fC) 104 -'50 
Fecal Streptococci ( fS} 3.5x 103 .t102 

Clostridia sulfite reducers (Cs) 3.5x 102 .t50 
Coli phages (Ph) 104 .t102 

Belllle, G.J. 1977. In Mwnas inllflllllk Hkrvlli#I#Jv. Vol. 1. H. Droop & H.W. Jennexll (ed) _ 
Academic Press, loc.london pp. 273-364. 
c. .. m. J..J. 1977. In &cfNiiii~HIM/11/ItzMI$ ~ tl'i/11 trWir. A.W. HoadleiJ & 
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Influence de Ia salinite sur Ia survie 

d'une souche d'Escherichia coli en eau de mer. 
Comparaison avec d'autres bacteries telluriques 

P.M. MUNRO et M.J. GAUTHIER 

INSERM, Unite 303 "Mer et Sante", 1 avenue Jean Lorrain, 06300 Nice (France) 

Introduction : 
De nombreuses etudes ont ete entreprises depuis pres d'un siecle sur 

le devenir des bacteries telluriques dans le milieu marin (8, 9, 1). Toutes 
aboutissaient a !a conclusion que ces micro-organismes mouraient 
rapidement en mer, sous !'action d'un certain nombre de facteurs 
physiques, chimiques et biologiques propres a ce milieu (3). Vers le milieu 
des annees 70, certaines observations ont montre que ce declin pouvait 
n'1Hre du, au moins en partie, qu'a la technique de numeration elle
meme (2, 6), les cellules "stressees" etant incapables de se developper sur 
des milieux selectifs et devenant plus sensibles a la temperature et a la 
salinite. Elles evoluent ainsi progressivement vers un etat viable mais 
non cultivable (10, 11). 

Ce travail avait pour but d'etudier !'influence de la salinite sur la 
survie d'une souche d 'Escherichia coli en milieu carence ("starvation 
survival"). Une comparaison avec d'autres bacteries telluriques 
appartenant ou non aux Enterobacteries a ete faite. L'importance du NaCl 
dans la recuperation des cellules stressees est egalement discutee. 

Resultats - Discussion : 
L'effet du NaCl sur la survie de E coli dans l'eau de mer apparaissait 

assez complexe, avec une mortalite apparente plus importante quand les 
cellules etaient prealablement cultivees a une concentration saline de 10 
g/1, mais cependant un effet protecteur a 30 g/l (5). Cette adaptation au 
NaCl semblait moins importante que celle observee apres croissance dans 
un milieu a l'eau de mer (4, 7). 

Les memes resultats ont ete obtenus avec trois autres Enterobacteries 
(Klebsiella pneun1oniae, Saln1onella typhimuriuUJ et Shigella dysenteriae, 
qui etaient presque totalement adaptees aux conditions marines apres 
preculture en milieu sale. Quatre autres bacteries telluriques 
n'appartenant pas aux . Enterobacteries presentaient le meme 
comportement, qu'elles aient ete ou non preadaptees au milieu marin (7). 

Le NaCl peut egalement intervenir au niveau de la recuperation d'un 
certain nombre de cellules stressees par un sejour plus ou moins long 
dans l'eau de mer. Ainsi, une numeration des cellules non adaptees sur 
un milieu contenant 15 g/1 de NaCl a permis un taux de recuperation, par 
rapport a ce meme milieu sans NaCl, de 55 fois. Cette addition de NaCl 
n'avait cependant aucun effet sur les cellules preadaptees (7). 

La presence de sels et en particulier de NaCl paraissait done etre un 
facteur important dans !'adaptation possible de E coli et des 
Enterobacteries en general, au milieu marin. 
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Relation between densities of indicator organisms 

and microbial pathogens in sea water 
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This research pr~ramn was carried out to examine possible relations arrong the 

densities and the species of indicator organisms on the one hand and the presence 

and numbers (j:f possible) for organisms path~enic for man on the other. This investi

gation was planned to include sea areas with different degrees of pollution and to 

search for significant correlations between densities of microbe indicators and patho 

genic organisms. 

Samples of sea water were collected fran 5 areas of the Saronic Gulf, with diffe

rent grades of faecal contamination, fran May 1984 to Novenber 1986 at 5 day inter

vals.Each sample was examined for the following: 1) Plate colony count/100ml at 37oc 

for 48h. 2)Colifonn count/100rnl 3)E.coli count/100rnl 4)~terococci count/100ml 5) Sta

phy!ococ~i for the first and second year in 0.5rnl and afterword$ in 100ml with modi

fied technique 6)~CI;tm:>nellae in 1L 7) Yearsiniae in 1L 8)V.cholera and V.parahaemoly

.ticus in 1L 9) Yeasts in 50ml 10)Campylobacter in 200rnl. 

For C.ampylobacter isolation we tested different methods but finally selected the 

following technique!EnriChment of 200-ml·iri doUble strength Preston broth at 43oC/24h 

(semianaerobic conditions) and plating on Skirrow agar incubated under the same con

ditions for 48h. 

Attempts to isolate 5taphylococci by direct plating on selective media cane up a

gainst a number of difficulties as a higher number of other cocci (~,Micro

cocci) and even rods grCM and mask or inhibit the grCMth of S.aureus.\'le tested dif

ferent methods but finally used the MPN technique.m-staphylococcus broth was modified 

in order not to produce precipitation with sea water and to support the growth of 

S.aureus.For plating v~el and Johnson agar(DIFCO) was used. 

The comparison of Rappaport-Vassiliadis medium and Muller-Kauffmann-s tetrathiona

te broth for ,;alm:mella isolation after a ccmron preenrichment step shows clearly 

the great superiority of R-V medium, toth in the number of isolations and also the 

variety of .serotypes (P 0 .0001). 
Statistical analysis of the densities of microbe indicators in relation to the pre 

sence of !;almonella shows a significant correlation between 5almonella and coliforms, 

E. coli, £ nterococci and plate count colonies (TABLE 1) . There was no significant asso

ciation between plate count colonies fnterococci and salmonella in rrcderately pollu

ted areas. There was no significant association between the microbe indicators and~

lmonella when M-K broth was used nor between Campylobacter and the microbe indicators 

or between S.aureus and bc!lmonellae.Vibrios and Y.enterocoliticawere not isolated 

fran any of the samples.!>bre v.Drk is necessary for species identification and epide

miol~ical correlation with their origin. 

TABLE 

Association between microbe indicators and presence of 5almonella and Carnpylobacter 

level of significance,p,fran Mann-Htitney test c=paring microbe densities between 

samples with and without salmonella or Campylobacter. 
---- -----reratsini N. Faliron 

lheavi ly polluted) (rrcderately pollute:i) 

.COl- R-V * 
M-K ** 

*** Salmonella 

-~-~~'?_b~_::ter 

E.coli- R-V 

Ent-

PCA 

M-K 

Salmonella 

Campylobacter 

R-V 

H-K 

Salmonella 

Campylobacter 
------

R-V 

M-K 

Salmonella 

Campylobacter 

~~U.s- R-v 

M-K ** 
Salmonella 

Campylobacter 

. 006 

. 80 

.008 

. 73 

.• 007 

• 54 

• 005 

.51 

.005 

• 72 

.010 

• 56 

. 001 

. 36 

.001 

. 74 

. 66 

• 67 

. 38 

• 06 

* Salmonella isolation when Rappaport-Vass:i,liadis med i um was used 

. 007 

. 24 

. 015 

. 13 

• 002 

• 37 

.017 

. 27 

• 044 

.77 

. 22 

. 34 

.022 

• 42 

. 028 

.60 

• 34 

. 28 

. 82 

. 98 

** Salmonella isolation when Muller-Kauffmann-s tetrathyonate broth was used 

***Salmonella isolation when either of the media was used 
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Relationship between the persistence 

of Pseudomonas aeruginosa in seawater 
and its resistance to antibiotics and heavy metals 

A. DE VICENTE, M. AVILES, J.C. GODINA, J.J. BORREGO and P. ROMERO 

Departamento de Medicina Preventiva y Salud Publica, Microbiologia e H.a de Ia Ciencia, 
Facultad de Ciencias, Universidad de Malaga, 29071 Malaga (Espafia) 

Introduction. 

Detectlon of P~4flt"l.lflinastt in nctur~l waters is usually asso::ioted with pollution produced by 
SJ:Ntfl13 dfschargls. The hi¢ resistance of P 4flt"IJflliltJstJ ID he8vy metals, antlbfotfcs, and other environmental 
rectors coold be an lmpa-tant espect In relation to tile persistencs and select1oo of stnllns In the marine 
environment ( 3,4). The purpose of tile present stuay is ID determine tile relatlooship between some 
c:hllrtJ:teristics of P 4flt"tJginastt strains ( pyocines proiJclioo and entiblot!cs end heavy metals resistance) 
!so lilted from seewlrter and their survival ab111ty in this enviroomenl 

t1eter1el end Methods. 

One hundred and ei!jlty eig-Jt Isolates of P. aertJgiiiOS8 oo mPA-E PJ,JBr (5) were studied. Water samples 
were collected from two areas near Malaga (Spain): a sewtq3-polluted beech and the Guedalhorce river and the 
coestal aree Influenced by the river mouth. In both areas, three sample IJ'OUP5 have been ~irerat the 
pollution sources (sewiJ}l end river), mixillQ ~~rae (<250m from the outf8111Jld estucry), end the m81'ine ~~rae 
Influenced by these pollution sources ( >500 m from the sewf!l11 outfall in the be!dl and the coestal aree of I 000 
m 81"0Und tile river mouth). 

The entfbiotlc resistance patterns were studloo by disi: diffuslm methaJ, end the heevy metal resistance 
was evaluatoo by ~~gar dllutloo meUm ( 6). The pyocln types were lnvestl!}lltoo by scrape end street methOO ( 6). 

Results and D1scuss1an. 

Amono entlmlcroolalllQI!Ilts assavoo. variable results were ooly oosarvoo ror gentamicin, sulrOOJeztne, 
mercury, t:r:lellic, end chromium, being the resistonce to these CIQerl!a U3ed es markers for the studied strains. 

In Toole 1 1t c:en be observed tnat tile highest f~les or resistant strains, except ror chromium, are 
detected in the farthest araes from the pollution sources, especially for mercury end arsenic, so the frequencies 
of resistent micraroanisms to tness agents are twofold hiltler tim the f~ies observoo in the river and 
SJ:NtiJ}l. Likewise a hlcjler frequencies of multlresistent strains in S81!Wirter is obtained. 

Wilen It is cms1!ind the distribution of pyocln types in tile different arees, hiQher percsntatJlS of 
1¥JCin types 138 end 12A are observoo in the strains isollrtoo in the farthest ~~rees from the pollutioo source 
( S81!Weter) respect to the fr8ltJ81lCY in the neerest arees. On the contrary. the fr~ of the other pyocin 
types ~ 1rt longer distances from the pollut1oo sources (Toole 2). The ment1onal pyocin types are 
esso;:ietoo with notiC88ble heavy metals resist!lllC8 cherecteristics (Tabla 3), thus, the 138 strains have the 
hiQllest percentlll;.llS of resistance to arsenic, end all 12A strains are mercury resistant end they have the 
miiXimum frequencies or resistence to gentmnicin IJild sulfcdiliZine. 

The observed Increase of the frEQuencies of h8lti'Y metals resistant strains and pyocln types 13B and 12A 
in seawater suooests that these strains may have better charocteristics of survival in the marine environment. It 
is probably due to a higher resistance to environmental rectors, such as sunlight or biotic <qlnts, which usually 
affect negatively to P tier111JiiJas8 cells and another allochlonous microorganisms in seawater ( 6). 

It is not possible assume a direct selective pressure by h!laYy metals on these becterla (3.4) as 
axplanatloo to the antibiotics end metals resistant selectloo In seeweter, bec8use the heavy metal concentrations 
In the studloo areo are clearly lower then the MIC of these metals for the studloo P. W'liJ7/IIOS8 strains. The 
results of this stoor ~ an asso::ilrtim betw8!ll Slme cher!l:teristlcs of these strains ( heevy metals 
resistlrlce and pyocin types) end a hicjler survival ability in the m!ll"ine enviroomenl 

TABU 1. Antl.biot1c and ~e.avy eetal r-nia'tance of '·~ ~...a 
1aolat.ed Crca pollute-d wat.rs. Frequency o( r"e3l.S't.ant S'tTuns (S). 

lSQl,l!lflt! STU 

RES IS"! ANC!: ro: Pol !.utJ.on source Jllixin& area Seawater 
{n28:1) (nZ-45} (n=-60) 

~ flO 
1
Ull}J 

SO (l000 :J&J
1 

36.;.4 

Hi· p.s -~a:'ml} ~ 16 . .37 

A.so-.1- ( S702 .ug, rni ; :~ 1. 2 3 

C.rJ:-,9:6 ua;"'i;;, 

22.22 

35.56 

26.67 

6.67 

.2S.J3 

OYerall 
(na:t88) 

25.53 

5.35 

t.Ut.l 2. Pyocin type-a or '· ~ atraina iaolated tro. pollut:ect 
waters~ Percentaae o! straina O( each t)';)C • 

ISOLATION SIT! 

PYOCIIC TYP! 
Pollutlon SOW"'ee •ixin& area Seawater 0Y@nll 

( ... 83) (n...oS) (n-60) (n-188) 

sse 22.39 20.~ l'S.X 

!,38 ~.:2 8.69 Z').Xl 1!.17' 

l6A 7.23 8.89 5.00 

12A Z.41 6.57 11.67 6.38 

~58 

53.00 Sl.ll 4-5.00 50.:)() 

tABLE 3. Relationship behfe@n pyocin types and antibiotic: Wid he•vy 
.etal r@!SiS't.anc@ or '· ~ straina. 

Bl:iiSI6tK:Z m· 
PYOCIJC TYPI (S) SD ~<c'· ..a:-

eao U9.58l 18.92 13.51 

l3B {11.17) 0.00 4.76 9.52 23.81 

l5A { 5.91) 23.08 38.46 YJ.77 7.70 

12A ( 5.Ul) !OO.eJO 

lt:'<l!:-3 > so. XJ ' 6.38 

37.23 z~. '53 

a:Oisk potency 

b:Concentration 

GM:Genta•icin 
SO:Sulfadiazine 
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Premieres donnees sur l'ecologle des vibrions 
dans Ia zone lagunaire de Oliveri-Tindarl (Messine, ltalie) 

R. ZACCONE, T.L MAUGERI*, E. CRISAFI, L GENOVESE et R. lA FERlA 

lstituto Sperimentale Talassografico, C.N.R., Spianata S. Ranieri, 98100 Messina (ltalia) 
• Dipartimento di Biologia Animale ed Ecologia Marina, Universita di Messina. Messina (ltalia) 

Au cours de la derniere decennie, 1' €.co-logie des vibrions de 1' environnement a 
suscite un grand interet etant donne 1 '€.trait rapport entre la consonunation d' aliments 
marins crus et les episodes de taxi-infections alimentaires ou de gastro-enterites 
attribue.es au V. cholerae et au V. parahaemolyticus. Outre les vibrions sus-mentionnes 
dent la pathog.enicite a ere v€.rifiee. les milieux marins et saum.3.tres h€.bergent d'au
tres especes consid€.r€.es potentiellement pathoge.nes: V. fluvial is, V. vulnificus, 
V.alginolyticus et ceux qu'on appelle les Vibrions NAG. 

Les travaux ecologiques de Colwell et al. (1984) et de Kaper et al. (1979) dans la 
baie de Chesapeake ont apport€. une contribution val able a. 1' 6t~e 1 1 €.cologie du 
V.parahaemolyticus et du ~ en ce qui concerne la temperature et la salinit€.: 
il n'existerait au contraire aucun rapport avec la pollution fecale. 

Dans le present travail, on rapporte les resultats d'une etude sur la distribution 
des vibrions halophiles dans un milieu lagunaire non contamin€. par les collecteurs 
urbains et ayant des caract€.ristiques hydrologiques particuli€.res (Abbruzzese et Ari
co, 1955 ; Crisafi~- 1981). 

En 1987·, on a effectue. des pr€.l€.vements d'eau en surface dans les €.tangs saum.3.tres 
de Oliveri-Tindari avec une cadence saisonni€.re. On a examine 72 echantillons. trans
partes en laboratoire dans les quelques heures qui ont suivi le pr€.1€.vement. Ils ont 
~.te. ensemences et opportunement concentres sur des membranes filtrantes d€.pos€.es sur 
TCBS agar (Difco) afin d'obtenir le nombre de PV (vibrions presomptifs) en les incu
bant a 24"C pendant 48h et de PVP (V.parahaemolyticus presomptifs) en les incubant a 
37"C pendant 24h (Crisafi ~-· 1985a). Simultanement, on a precede a la quan
tification des coliformes fecaux totaux et des enterocoques moyennant la technique des 
membranes filtrantes. 

On a effectue la recherche de certaines espec~s ayant des caract€.ristiques de pa
thog€.nicite pour l'horrune sur un echantillon d'eau provenant de chacun de ces €.tangs, 
moyennant l 1 emploi de milieu d' enrichissement; la croissance a ete verifiee sur TCBS 
agar. Pour la recherche du V. cholerae, on a utilise l 'AP ( eau peptonee alcaline) (Ka
per ~-· 1979); pour le V.parahaemolyticus, le VPSM (V.parahaemolyticus salt meat) 
(OMS 1977) et le milieu PPC (phytone, peptone, carbenicilline) mis au point par Toti 
~. ( 1983); pour le V. fluvialis, le milieu FEM (V. fluvialis enrichment medium), 
conseille par Nishibuchi ~- (1983). 

Les colonies isolees sur T C B S ont ete identifi€.es sur la base des caractBris
tiques morphologiques, culturales et biochimiques deja decrites dans des travaux pre
cedents (Crisafi et al., 1985b).Les souches ayant une affinite avec V.cholerae ont 
ete soumises a desteS'ts d' agglutination sur lamelle de verre avec un antiserum poly
valent 01 (Difco). 

Les chargjs b'i,cterie':fes 4en PV et PVP (avec des oscillations comprises respective
ment entre 10 -10 et 10 -10 I lOOml d'eau) montrent en general une augmentation gra
duelle suite a l' augmentation de la temperature en ete. 

L'espece rencontree le plus fr8quemment a ete le V.alginolyticus, comme on a deja 
observe au cours des recherches ant8rieures effectuees dans divers milieux. 

4 des 6 etangs etudi€s se sont reve.les positifs a cause de la presence du 
V. cholerae non 01 avec un total de .12 souches (fig .1); ces sites pr€:sentaient une sa
~inite Variant de 21,50°/oo a 38,57°/ 00 et Ufle temperature Variant de 14°,1 a 28°,8. 
Ces souches ont ete isolees pendant toutes les campagnes, sans rapport apparent avec 
la temperature de l' eau. 

Le V. parahaemolyticus a ete isol€: uniquement du lac Marinello ( 8 souches) en hi
ver, en ete et en automne. La salinite de cet €.tang €.tait legerement inf8rieure a cel
le des autres €.tangs avec une valeur minimum de 16,14°/

00
, enregistree pendant l'hi

ver; ceci confirrnerait les affirmations de Colwell ~, (1984) lesquels considE!rent 
ce rnicro-organisme comme etant typique des mi'lieux cOtiers et des estuaires a haut 
contenu en substances organiques. 

Les coliformes totaux et fecaux etaient presque toujours absents, et ceci confirme 
les resultats de divers auteurs, en ce qui concerne le manque de correlation entre la 
presen~e du. V. cholerae et du V. parahaemol vt icus et les i~dices bact8riologiques de 
pollut10n fe_cale. Selon Kaper ~- ( 1975), il existerait au contraire un rapport 
entre la presence du V.cholerae et la salinite (avec un optimwn compris entre 4 et 
17"1 •• ). 

5 souches attribuables 8. l' espE:ce V. fluvial is ont ete isol€.es des etangs Marinello 
( 3souches), Verde et Porto; on a seulement rencontre le V .metschnikovii dans trois 
echantillons au cours de la p€.riode de basse temperature des eaux. 

Il faut en fin signaler qu 1 on n 1 a jamais isol€. le V. vulnificus. 

Le milieu d 
1 
enrichissement qui a fourni les meilleurs r€.sultats a ete 1' AP broth. 

Les autres mili~ux ont montre une basse silectivite vis-a-vis des especes pathogenes a 
cause de la cro1ssance abondante du V. alginolyticus. 

A : Piccolo 

B ! Nuovo 

C : Porto 

D : Verde 

E.: Mergolo 

F : Marinello 

EZJ"'.' 0 I 
() I 

~ .. ' 

Fig.l- Sites de decouverte des diverses especes de Vibrio: • V.Cholerae; 
• V. parahaemolyticus; e V. fluvial is; 0 V .metschnikovii. 
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M-II12 
Surveillance virale des eaux de mer 

et des autres eaux de baignade 

I. NESTOR 

lnstitut d'Hygiene at de Sante Publique, Cluj-Napoca (Roumanie) 

La contamination par des virus des eaux de baignade, lea eaux 

marines surtout, a ete prouvee au moyen de la detection dans ces 

eau:x: de. nombreuses especes et types de vi:rus pathogfmes pour 1 'horn

me. Contrairement a la contamination par lea virus des eaux de bois

sons ou predominant lea vi:rus enteriques, la contamination des eaux 

de baignade se produit surtout per des virus qui sffectent lea voies 

respiratoires superieures et lea teguments, a cause semble-t-il du 

contact beaucoup plus etendu de 1' organisme avec 1 'eeu lora de la 

baignede et de la natation (1). Lea affections causees par ces vi

rua ont un spectre tres large: paralysies, encephalites, meningites 

gastroenterites, hepatite, affections respiratoires et 

de le conjonctive oculaire et affections cutanees. 

Que lea eaux de ~aignade contaminees par des virus puissant 

constituer un risque sanitaire public a ete prouve par lea nombreu

ses epidemies sevissant au sein des baigneurs (2,3). 

Pour la detection des virus dans lea eaux de baignade marines 

et douces on a elabore et applique de nombreuses methodes. Mais com

me la detection des virus dans 1 'eau en tent que tela presents des 

difficul tea, comme 1 'est la complexi te de la me thodologie, le temps 

assez long at le coilt eleve, on e suggere de recourir, tout comme 

pour lea bacteria a pathogene a de 1 'eau, a 1 •utilisation d' indica teur 

micro biens dans le cas des virus de 1 'eau de baignade. En ce sens 

1 'on a vise: nombre total de bacteria a hl!iterotrophes dans/ sur 

agar a 37°C, coli:fo:rmes totaux , colifo:rmes fecaux , streptocoques 

fecaux et dans una moindre mesure d'autres genres et especes micro

biens (Clostridium, ·Pseudomonas, M.ycobacterium, Bi:fidobacterium, 

~. Thiobacillus, Salmonella). Una attention particuliere a 

ete accordee aux bacteriophages enteriques, sur la base des ressem

blanoes de groupe entre ceux-ci et lea virus animaux ( 4). Il existe 

cependant des differences parmi lesquelles cella d 'une moindre re

sistance dans 1 'eau, face eussi au chlorinage, de quelques-una a de 

ces especes (colifo:rmes); une resistance trop elevee (bacteries 

sporulees) ou bien d 'autre a non-concordanoes, qui font qu 'aussi 

bien lea bacteries en question que lea bacteriophages ne peuvent 

consti tuer que des indicateurs de presomption de la pollution fe

cale, done de la pollution avec des virus at que la certitude d 'une 

pollution virale des eaux de baignade ne peut _etre donnee que par 

la detection du virus en tent que tel. 

La surveillance virale de 1 'eau deviant de plus en plus pos

sible per 1 'amelioration de la me thodologie d' isolation des virus 

dans 1 'eau en general. Cette amelioration connait ces derniers 

temps de nouveaux progres par 1 'adoption de methodes modernes de 

detection des virus dens les produits pethologiques cliniques et 

qui tendent a etre adoptees egalement pour le detection des virus 

dens 1 'eeu. C 'est a insi que sont adoptee a momentanement dans ce 

but lea techniques pour 1' isolation des rotevirus et du virus de 

l'hepatite A (3,5). 

Sous ce rapport se pose evidemment eussi le problema de le 

standardisation non seulement des conditions de surveillance des 

virus dans lea eaux de baignade en rapport avec le situation epi

demiologique ou pour la verification de l'e:fficecite des precedes 

de treitement de 1' eeu, mais eussi la standardisation des volume a 

d 'eau a examiner ( 6). 

Il va de soi que le plus important dana la protection sani

taire contra le riaque que comports la presence des virus dans lea 

eeux de baignade, plus important meme que la detection des virus, 

c 'est d 'aslll!2"er l'~f_ficacite antivirale des procedes de treitement 

des eaux de baignade OU des 9!jUX usee a qui lea polluent. (7} • 
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M-Illl 
Elements chlmiques dans l'hemolymphe 

de Mytllus qa!loproylnclalls Lamarck 

Maria MIRZA*, Domnica RUGHINIS .. et Cornelia PALIVAN .. 

• lnstitut Roumain de Recherches Marines, Constantza {Roumanie) 
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ABSTRACT 
The concentr-ation of ten hydrosoluhle elements and ol igoelements fr:·om the soft 
tissues of Hytilus qalloprovincialis Lamarck was determined by atomic absorpllon 
spectrophotometry. With a few exceptions, the concentrations are similar to tho
se in the human serUJII. High values were registered in spawning animals. 

RESUME 
On a determine la concentration de 10 macro- et micro-elements hydrosolubles 
dans les tissus mous de Mvti !us galloprovincial is rjama.rck par spectroscopie .i ab
sorption atomique_ A quelques exceptions pres, ces concentrations sont voisines 
des valeurs normales du serum humain. Des valeurs superieures ont ete enregis
trees chez les animaux en etat de reproduction. 

Hvtilus galloprovincialis a ete preleve sur le littoral roumain de la mer Noire 
(Constantza Nord) au printemps et en ete 1987. Les animaux se trouvaient a deux sta
des physiologiques distincts, celui de reproduction (en mail et celui de 1 'apres pon
te (en juin) . 

Le materiel biologique a ete libere de tout organisme epibiotique, lave a 1 'eau 
d€:sionisee et, apres avoir ouvert les valves, on a 8carte le liquide intervalvaire, 
on a lave les tlssus a 1 'eau desionisee en les tamponant ensuite avec du papier fil
tre, et apres on a recueilli 1 'hemolymphe par des coupes longitudinales du corps de 
l'animal. L'hemolymphe a ete deproteinee et delipidee avec de l'acetone 1:3 V/V et, 
apres avoir ecarte le solvant par distillation sous vide, on 1 'a encore delipide avec 
du benzene V/V. Le produit obtenu apres la separation du sol\•ant a ete utilise pour 
les determinations. 

La presence, dans I' extrai t d' une large qamme de cat ions en di verses concentra
tions, depuis des dizaines jusqu' a des milliers de ppm, a cote de differents compo
sants organ.iques, a necessite un procecte d'€-limination des interferences par des
truction par voie humlde, en deux variantes, en utilisant le melange d 'acides HN0

3
-

~~g~C~t HClO 4-HN03 respectivement, a une pression de 1.5 at et a la temperature. de 

Quant aux interfe~ences chimiques, les perturbations des elements analyses ont 
ete insiqnifiantes a l'exception du Ca et du Mg, oil l'on a utilise le tampon spectral 
Sr. Les micro-elements ont ete determines a l 'aide d' un spectrophotometre AAS IN 
Zeiss Jena, par deux procedes : emission et absorption atomique a la flamme, les con
ditions experimentales etant choisies de telle manier-e que l 'on obtienne le maximum 
de sensibilite. 

Les courbes d'etalonnaqe ont ete calculees analyt.iquement par la methode des plus 
petits carres, selon un programme de calcul LSDRQ utilise sur un calculateur CORAL 
4030. L' equation des droi tes a la forme Y=ax+b, oii les parametres a et b calcules 
seton le programme LSDRQ sunt presentcs dans le tableau 1, a cote des coefficients 
de cocrelation qui attestent la concordance avec !es resultats experlmentaux. 

TABLEAU .1 
Calcul des droites d'etalonnage par la methode des plus petits carres 

Element Cu ZN Ca Hg Mn Co 

a 

coeff1c~ent de 
correlation 

0.024 
-0.001 
0. 999 

0.126 
-0.010 

0.99.1 

0.02?. 
-0.002 

0.994 

0.623 
0.017 
0. 998 

0.028 
0.004 
0.996 

0.015 
0.002 
0. 998 

Cr Ni Fe Na 

4.23 0.033 0.010 0.016 9.840 
coe£fi1?ient de 2.89 0.002 0.001 -0.001 3.700 

ggH~~gHgg============~~~-===~~~~-=-~~::==~~::~-==-~. :~~--=~~= 

TABLEAU 2 
Composition des elements chim1ques dans le ser:um humain 

et dans 1 'hemolymphe de Mytilus 
==============;===--;;=;============--=========== 
Elements Valeur-s normales dans le ser:um {1 l Hemolymphe de Mytllus 

Fer 0.700 
Cuivre 0.850 
Zinc 0.800 
Nickel 0.001 
Cobalt 0.001 
Chrome environ 
Sodium 1. 332.000 
Potassium 
Calcium 90.000 
H.aqn€-sium 18.200 

1. 700 
1.500 
1. 400 
0.005 
0.036 
1.000 

-1.378.000 
183.000 

- 100.000 
22.000 

Spectroscopie a absorpt lon 
atomique 

0.13 - 0. 70 
0.20- 0.66 
0.30- 0.91 
O.lJ - 0. 70 
0.13 - 0.30 
0.13-0.JO 

2. 400.00 
1.030.00 

21.00 -71.60 
19.00 -30.78 

Les donnees mettent en evidence une ressemb.lance, de l 'ordre de grandeur des con
centrations des elements chimlques, du serum humain, et de 1 'hemolymphe de Myt llus; 
a l 'exception du N.l, Co, Na et K tTableau 2i. 
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M-III2 
Caracterlstlques blochlmlques des proteases 

partiellement puriflees d'Enqraulls encraslcolus ponticus 

Maria MIRZA* et M. SERBAN .. 

~ lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 
•• Faculte de Medecine Veterinaire, Bucarest (Roumanie) 

ABSTRACT 

The paper presents several parameters of partiallY purified proteases from Enqrau

lis encrasicolus ponticus : optimua pH and temperature, the effect of the enzyme (par

tially purified) concentration on the reaction speed as well as the optimum substra

te concentration and the substrate specifity. The existence of some natural inhibi

tors for these proteases in the blood, heart and pig spleen is noticed. 

RESUME 

Ce travail presente plusieurs parametres des proteases partiellement purifiees 

d'Enqraulis encrasicolus wnticus : pH optimal, temperature optimale, influence de 

la concentration des enzymes partiellement purifies sur la vitesse de reaction, con

centration optiaale du substrat et specificite du substrat. On signale la presence 

de certains inhibiteurs naturels de ces proteases dans le sang, le coeur et la rate 

du pore. 

Les travaux ont ete effectues sur l 'anchois - Enqraulis encrasicolus ponticus -

preleve sur le littoral roumain de lamer Noire en juin 1980, dans la zone d'Agigea 

(Constantza Sud). Les poissons ont ete homogeneises et extraits a l'aide d'eau 

desionisee 1:1 V/G, pendant deux heures a 4°C. Les enzymes furent obtenus par la 

precipitation en acetone 1:4 V/G de la phase aqueuse. Apres avoir seche le precipi

te proteique, on a procede a une purification sur co1onne de Sephadex G 50 avec elu

tion en gradient de concentration de NaCl. Les pro.teases furent dosees par la metho

de Anson (1), et les proteines par la methode de Lowry et coll. (2). En vue d'effec

tuer les determinations on a utilise les tampons acide citrique - phosphate bisodique 

(pH 3.30-7.10), Tris (hydroxymethyl) aminomethane- HCl (pH 7.2-8.6), et le pH 2.0 a 

ete obtenu avec HCl 0.2 N. 

Les caracteristiques biochimiques des pro teases partie llement purifiees obtenues 

de EMraulis encrasicolus ponticus, sont les suivantes : 

1. A la concentration optimale des enzymes de 0.2 - o.•; mg proteine/ml, la vites

se des reactions catalysees augmente d'une facon lineaire. 

2. Les pH optimaux sont : 2.1; 6.1; 8.0. 

3. La concentration optimale du substrat est : pH - 6.1/15 mg hemoglobine Anson; 

pH - 8.0/20 mg hemoglobine Anson; pH 8.0/15 mg caseine Hammersten; pH - 2.0/20 mg he

moglobine Anson. 

4. La temperature optimale de reaction est de 33"C a un pH de 6.1 et de 51°C pour 

le pH de 8.0. 

5. La specificite du substrat est presentee dans le tableau ci-dessous : 

Acti vite proteolytique 

Substrat nmol tyrosine.m]nute - 1 .9 proteine-1 

H 6.1 H 8.0 

Serumalbumine bovine (BDH) 25.529.9 7. 508.0 

Albumine ovi (Here!<) 25.529.9 36.642.9 

Hemoglobine Anson (UCB) 12.013.0 30.003.5 

Pepton aus Fleisch Triptisch Verdant (Here!<) 12.015.0 7.508.0 

Bacto tripton (Difco) 19.222.8 52.561.0 

Bacto beef extract (Difco) 90.105.0 3.003. 5 

Tripticar (1nst.Cantacuzino) 18.621.8 24.328.0 

Les proteases obtenU!"S de 1 'anchois hydrolysent egalement les proteines a grande 

aasse aoleculaire (serumalbumine, ovalbumine, beaoqlobine) et les peptones obtenues 

par hydrolyse bacterienne ou tryptique, ce qui met en evidence la possibilite de ces 

enzyaes extraites du poisson, d'hydrolyser un large spectre de liaisons peptidiques. 

Les proteines degradees partielleaent par !'ebullition, extraites de divers orga

nes de pore, ont ete hydrolysees par les prot eases de 1 'anchois comme suit ( les resul

tats sont exprimes en JlliiOl tyrosine. ainute-1 .g produit-l):foie-54.063; sang-Q.OO;ro

gnon-66.377; coeur;-0.00; pancreas-78.091; duodenum-52.861; rate-O.OO;ovaire-30.035; 

langue-5.105; poUIIOns-36.342. Les detelllinations ont ete faites a des valeurs du pH 

de 8.0. Des effets similaires ont ete observes au pH 6.1. 

Les donnees ci-dessus suggerent la presence d'inhibiteurs naturels de proteases 

dans le sang, le coeur et la rate du por-e. 
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M-III3 
Quelques proprletes de !'hyaluronidase extralte et purifiee 

a partir de l'espece Engraul!s encraslcolus pont!cus 
de Ia mer Noire 

Natalia ROSOIU 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

SUMMARY : 

The hyaluronidase obta.ined from viscera and gonads of Enqr-1ulls enccasicolus 

pont1cus by e.xtraction in buffer CH
3

COOH/CH
3
C00Na at pH 4. 3 and precipitation w l th 

(NH
4

) 
2
so

4 
at 75% saturation, dialysis, aseptic filtration and lyophilisation, has an 

enzymatic activity of at·least 300 Iu/mg at pH 4. 7 to 5.0 and n•c and of 62 IU/mg at 

pH 1;.45 and 37"C respectively. The enzyme has a maximum activity in the pH domain 

ranging between 3.6 and 5.6 and optimum pH at 4.2 to 4.4, 4.8 to 5.2 and 5.6. The 

opt~mum tempf!ratures occur at 40• and 6o•c and the enzyme shows a high degree of ther

mostability. The most efficient activator of this hyaluronidase is NaCL It produces 

a highest activation at a concentration of 0. 3M by an optimum pll action of 4. 4 and 

an optimum temperature of 6o•c. 

L'hyaluronidase a ete extraite et purcifiee des visceres, y compris les gonades, 

du petit poisson Enqraulis encrasicolus ponticus au cours de la periode de maturation 

des gonades, quand 1' acti vi te hyaluronidasique atteint un aaximum (ROSOIU et coll., 

1985a), par un procede qui consiste dans 1 'extraction de 1 'enzyme en tampon CH
3

COOH/ 

CH
3

COONa a un pH de 4.3 (qui permet !'extraction selective de l'enzyme, etant le mi

lieu optimal d 'extraction de 1 'hyaluronidase), puis precipitation avec (NH
4

) 
2
so 

4 
a 

une saturation de 75%, dialyse en courant continu d'eau distilH•e, filtration asepti

que et lyophilisation. On obtient une hyaluronidase pure avec une activite enzymati

que d'au moins 300 UI/mg a un pH de 4.7-5.0 eta 37•c, et respectivement 62 UI/mg a 

un pH de 6. 4 et a 37"C. 

Le domaine des concentrations enzym_atiques oU la vitesse de reaction vacie pro

po.-tionnellement s 'etend seulement jusqu. a 0.008 mg d' hyaluronidase dans le milieu de 

reaction, suivi ensuite d'une inhibition due prcobablement aux produits de reaction. 

L' hyaluronidase extrai te et purifiee des v isceres, y compris les qonades, d '~

qraulis encrasicolus ponticus manifeste une activite enzymatique dans 1 • intervalle de 

pH 3.6-8.0. Le maximum d'activite est enreqistre dans l' interval!e de pH comprcis en

tre 3.6 et 5.6, avec le pH optimal d'action 4.2-4.4; 4.8-5.2, 2 et 5.6 (ROSOIU et 

coll., 1987) . 

Par rapport aux donnees obtenues dans le cas des extraits non purifies (ROSOIU 

et VOINESCU, 1985 b, 1986), on constate 1 'activite maximale dans le meme intervalle 

de pH, ainsi que des valeurs optimales d'action du pH tres proches, bien que les cour

bes de vitesse de reaction selon le pH soient un peu differentes entre elles. 

'rant 1 'hyaluronidase purifiee que celle non purifiee, manifestent une activite 

maximale a 40•c et a Go•c, fait dii probablement a certains phenomenes d'activation 

qui ont lieu a des temperatures plus elevees. Les deux preparations enzymatiques 

M-III4 
Proprietes chimiques et pharmacologiques 

d'un !nhiblteur naturel de Ia pepslne 
extra!t du Gasteropode Rapana thomaslana Grosse 

Natalia ROSOtU•. A. CARSTEN• et M. ZODIANU .. 

• lnstitut Roumain de Recherches Marines. Constantza (Roumanie) 
•• tnstitut de Recherches Chimico-Pharmaceutiques, Bucarest (Roumanie) 

SUMMARY 

The paper pr:esents some data on chemical composition and some pharmacologi

cal properties of the natural inhibitor of pepsin that was extracted and purified 

from the marine gastropod Rapana ~ Grosse. The natural inhibitor o£ pepsin 

shows an intense inhibitory effect on this enzyme and, in addition, displays very im

portant pharmacological pr:operties. 

Les donnees publiees anterieurement sur 1' inhibiteur nature! de la pepsine, 

isole et purifie de Rapana thomasiana Grosse, prou"ent sa natur:e peptidique. Il a 

les pcoprietes suivantes : 

1) il manifeste une intense activite d' inhibition vis a vis de la pepsine, 

2) il exerce une inhibition de type non-competi tif, 

3) il entre instantanement en reaction avec 1 'enzyme, 

4) 1 'activite d' inhibition de la pepsine n'est pas dependante du degre de purete du 

produit, etc (ROSOIU et al., 1982; ROSOIU, 1985). 

Dans ce travail nous presentons de nouvelles donnees concernant les car:ac

teristiques chimiques et certaines proprietes pharmacoloqiques de 1' inhibiteur natu

rel de la pepsine extrait et purifie du gasteropode marin Rapana thomasiana Crosse. 

L' isolation et la purification de 1 1 inhibiteur natucel de la pep;:;ine ont 

ete effectuees suivant un procede original, le produit bioact if etant obtenu, confor

mement a la technologie, sous forme' de : 

1) - poudre amorphe de couleur jaune a brun-rougeiitre fP), 

2) - solution opalescente jaune, ayant une odeur caracteristiqiJe et un re-

sidu act if de 0. 54 g% (S). 

Dans les deux formes, les produits manifestent une intense action inhibi

trice vis a vis de !a pepsine : zoo /uq d' inhibiteur inhibent en pmportion de 80-100% 

400 
1

ug de pepsine etalon, le rapport enzyme/inhibiteur (E/Il etant 2/1. 

A cote des peptid<>s, qui constituent le principe bioact if, les produi ts 

contiennent des acides amines libres. glucides (hexoses, pentoses, methylpentosesl 

et des micro-elements (Na, K, Ca, Mq, Cu, Zn et Fe!. 

Le produit sous forme de solution !Sl presente une action hypnotique en 

fonction de la teneur en substance active, et &anlfeste un effet d' augmentation de 

1' action d' inhibition des barbituriques, ce qui suppose une activite tranquillisante

neuroleptique. Ces actions se manifestent fortement aux doses elevees et mains aux 

faibles doses (l/10 de DL
50

J. 

manifestent un haut degre de thermostabilite. L'administration p.o. <}u produit sous forme de poudre (P) en doses relati-

La vitesse de reaction auqmente selon une fonction hyperbolique jusqu'a seulement 

62.5 1ug de hyaluronate de sodium dans le &ilieu de reaction. A des concentrations 

plus elevees du substrat, on observe un phenomene d' inhibition accentuee, dil proba

blement a 1' inhibition par les produits de reaction. Un phenomene similaire a ete 

vement faibles, de 56 mg/kg, empeche 1 'appariti.on des lesions ulcereuses dans les 

deux cas d'ulceres (par la ligature du pylore et reserpinique). En meme temps, dans 

1 'ulcere par la ligature du pylore on constate la diminution du volume du liquide 

gastr ique e t de 1 'act i vi te du liquide de 1 'estomac. 

cons tate aussi pour 1 'hyaluronidase non purifiee. Les actions pharmacologiques, specifiques suus 1 'aspect de 1' intensite et 

Par rapport a 1 'hyaluronidase non purifiee, la vitesse de reaction est directe

ment proportionnelle au temps de reaction, 1 'ordre de reaction n'etant pas modifie. 

Le plus efficace activateur de 1 'hyaluronidase extraite et purifiee de 1 'Enqrau

lis encrasicolus ponticus est le NaCl, qui prcoduit une activation maximale ,a· la con

centration de 0.3M dans le ailieu de reaction, avec un pH optimal d'action de 4.4 et 

une temperature optimale d 'action de 6o•c. 

REFERENCES BIBLIOGRAPHIQUES : 

ROSOIU N., SERBAN M., VOINESCU I., 1985 a - Cerccetari aarine (Recherches marines) •.!!!.• 
245. 

ROSOIU N., SERBAN M., VOINESCU I., POPESCU M., 1987- Rev.roum.Biochim.,~~·l,61. 

ROSOIU N., VOINESCU I., 1985 b - Cercetari marine (Recherches marines), 1!!• 235. 

ROSOIU N., VOINESCU I., 1986 - Rapp.Comm. int.Her Medit., ~· 1_. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

180 

des parametres modifies, s'expliquent par la composition chimique differente, selon la 

technologic utilisee en vue de 1 'obtention de 1' inhibiteur naturel de la pepsine, 

sous forme de poudre (P) et de solution (S), respectivement. (ROSOIU et al., 19851. 
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M-IV1 
Cause principale des variations de Ia production 

des sels nutritifs azotes 
dans les sediments de Ia bale de Roquebrune-Monaco 
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*Centre Scientifique de Monaco, 16 boulevard de Suisse, 98030 Monaco Cedex 
(Principaute de Monaco) 
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Une grande ·part de Ia matiere organique qui se depose sur les fonds des mers est 
rapidement incorporee aux sediments superficiels a cause de Ia bioturbation (Billen, 1977; 
Meadows et Tait, 19&1j.; Schink et a!., 1975). Ut, c;ette matiere organique est generalement 
soumise a une intense activite microbienne, ce qui permet Ia production de sels nutritifs 
azotes (Emerson et a!., 1979; Colterman, 19&1j.; Klump et Martens, !981; Lyons, 1979. 
Knodgrass et Klapwijk, 19&6; wilson et al., 1985). II en resulte qu'en general les teneurs en 
ces sels sont plus elevees dans Jes eaux interstitielles que dans l'eau de mer sus-jacente. 
Ainsi, un flux de sels azotes peut s'etab!ir des sediments vers l'eau de mer. 

La distribution verticale des se!s azotes dissous dans. les eaux interstitielles des 
sediments superficiels de Ia Reserve sous-marine du Larvotto a Monaco a ete mesuree a 10 
reprises, de Mars 19&1j. a Juillet 1986. Les sels azotes dissous dans les eaux interstitielles ont 
ete preleves a !'aide de capteurs qui utilisent le principe de Ia dialyse (cf Hesslein, 1976; Van 
Eck et Smits, 19&6). Ces capteurs component, sur 30cm de hauteur, 10 logettes superposees 
de !Om!, qui sont remp!ies d'eau distil!ee et recouvertes d'une membrane de 0,2>tm de 
porosite._. Le .capteur est plante verticalement dans le sediment ou il reste 3 semaines jusqu'a 
ce que l'equilibre ionique soit atteint. Les dosages des sels nutritifs ont ete faits en 
appliquant les methodes classiques en oceanographie (Treguer et Le Corre, !975). 
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Fig~ 1. Distribution verticale des sels Fig-2. Variations au cours du temps des 
nutritifs azote's dissous dans les teneurs en chlorophylle dans 1 'eau de 
interstitielles. mer, des sels nutritifs azotEfs dans 1 'eau 

de me:-, et des sels azotes dans les eaux 
intersti tielles. 

On constate que les teneurs en sels nutritifs dans Ies 10 premiers em de sediments 
varient au cours du temps (Fig.!). Afin d'exprimer les fluctuations de !'ensemble des profils, 
on considere Ia surface qu'ils delimitent, autrement dit on integre lineairement les teneurs 
mesurees a chaque niveau. Les teneurs etaient les plus elevees en Mai-Juin de I 981j. et 1985. 
Elles etaient faibles en automne de ces memes annees. L 'evolution est differente en 19&6. 

Quelle est la cause des fluctuations ? Afin de pouvoir apporter un element de reponse 
ii convient de considerer les teneurs en sels azotes dans l'eau de mer de Ia meme region, 
ainsi que les concentrations de Ia biomasse phytoplanctonique qui a ete estimee par Ia mesure 
de Ia fluorescence. 

Considerees globalement, Jes teneurs en sels azotes fluctuent d'une fa<;on similaire dans 
Jes eaux interstitielles et dans l'eau de mer de surface (tel n'est cependant pas le cas des 
eaux a mi-profondeur). Cela suggere que les fluctuations dans les deux milieux ont, du mains 
en partie, une meme cause. Pour cerner Ie probleme, considerons les fluctuations des 
concentrations en chlorophylle, telles qu'elles sent donnees par les moyennes mobiles (Fig.2). 
Le maximum des concentrations se produit a Ia fin de l'hiver, peu avant le maximum des 
teneurs en sels azotes du mois de Juin qui est principalement dG a l'ammoniaque. La 
diminution de Ia concentration en chlorophylle est sans doute liee a Ia consommation du 
phytoplancton par Je zooplancton herbivore. Precisement, les Salpes se sont grandement 
developpees en Avril de 198/t et 1985. Ces organismes produisept des pelotes fecales qui ont 
tendance a sedimenter rapidement (Morris er a!., 1987). Arrivee au fond, cette matiere 
organique, plus ou mains agglomeree par du mucus, est rapidement decomposee. Cependant, 
une autre part de Ia matiere organique particulaire a une vitesse de chute beaucoup plus 
lente, et elle se decompose en pleine eau, (Suess, 19SO). La decompo~ition _de Ia matiere 
organique en pleine eau ainsi que les excretions du zooplancton condu:sent a Ia forma_twn 
d'ammoniaque. II n'est done pas Surprenant que les rythmes de productiOn des sels nutnt1fs 
dans les deux milieux presentent une tendance a un certain synchronisme. 

En 1986 !'allure des fluctuations des teneurs dans les eaux interstitielles est apparue 
differente. Les' teneurs etaient faibies en Mal. Precisement, cette annee Ia les Salpes n'ont 
pas connu un developpement aussi important que !es deux annees precedentes. 
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Bien que les oceans renferment une quantite considerable de matiere 
organique (MO) a l'etat dissous, les concentrations sent si faibles qu'elles se 
situent aux limites de detection des methodes analytiques. Les connaissances, 
dans ce domaine, ont progresse au cours de Ia derniere decennia, notamment 
dans le domaine des petites molecules. Ainsi les amino-acides (AA) ont-ils 
fait !'objet d'un grand nombre de travaux , notamment dans les regions 
cotieres; ces etudes ont montre que les AA ne representant qu'une faible 
fraction du C organique disssous (0,2 a 0,3 %) mais leur role dans Ia biologie 
des oceans est primordial; ils sent presents sous deux structures chimiques: 
soit sous forme de monomeres, ce sent les AA fibres dissous (AALD), soit sous 
forme de polymeres ou d'heteropolycondensats comma les acides humiques, ce 
sent les AA combines dissous (AACD); les formes Iibras ne constituent que 
1/1 0 des AA dissous. 
Les AA interviennent dans Ia vie des oceans sous des aspects divers: - soit 
comme molecule active physiologiquement du fait de leur assimilation par les 
organismes heterotrophes et de leur role dans le metabolisme proteique; a Ia 
difference des glucides , ils participant peu a Ia constitution de substances de 
reserve ; - soit comma agent complexant pour les metaux-traces en raison de 
leur structure amphotere. 

Les concentrations en AALD sent comprises entre 0,02J.tM et 1-2J.tM, et 
les AACD sent presents a des concentrations 5 a 10 fois superieures, mais le 
principal obstacle a Ia determination des AA dissous dans l'eau de mer reside 
dans Ia concentration en sels mine raux 1 o5 fois superieure. Un pro fond 
changement se produisit en 1980 avec le developpement de Ia chromatographie 
sous haute pression (HPLC) et son application a Ia determination des AA dans 
l'eau de mer par Mapper et Lindroth (1979); Ia complexation des AA avec 
l'ortho-phtalaldehyde fournit des complexes fluorescents qui peuvent etre 
separes par chromatographie sur une colonne de silica . La sensibilite de Ia 
methode de detection par fluorescence est si grande ' qu'elle permet de 
deceler les AALD sans concentration prealable (limite de detection : 10-
15mole); et ceci dans un temps relativement court (duree de !'analyse: 30 
minutes); 

Les teneurs en AALD ont ate suivies pendant un an , dans Ia baie de 
Marseille. Les resultats font apparaitre des valeurs irregulieres en surface et 
au fond (70 m), Ia zone Ia plus stable etant situee a 30 m de profondeur avec 
des teneurs comprises entre 944 et 1278 nM. Les plus fortes valeurs sent 
observees en Decembre et en Juin , elles doivent etre attribuees, en hiver, a Ia 
degradation bacterienne du materiel organique accumule sur le fond • et , en 
ate, a Ia lyse du phytoplancton. Les taux les plus bas sent trouves en Fevrier
Mars; ils sent observes dans toute Ia colonne d'eau. En zone oceanique, Ia 
distribution du seston, et de Ia fraction proteique des microparticules a eta 
comparee aux teneurs en AALD et AACD pour une colonne d'eau prelevee au 
large de Villefranche. Les resultats obtenus font apparaitre une concordance 
entre !'augmentation des microparticules et des teneurs plus elevees en AA 
dissous, pour une couche d'eau comprise entre 300 et 400 m de profondeur. 
L'existence d'une barriere ralentissant Ia chute des particules peut etre a 
l'origine d'une augmentation des AA dissous; le marne phenomena a ate observe 
au large de Toulon, !'augmentation des AA dissous correpondait a une variation 
de Ia temperature et de Ia salinite. L'analyse complete de Ia colonne d'eau sur 
un fond de 1600 m met en evidence des fluctuations concomittantes entre les 
AALD et les AACD qui interessent surtout Ia fraction superieure de Ia colonne 
d'eau. 

L'existence d'un pool relativement stable d'AA dissous dans l'eau de mer 
ne constitue en fait que le resultat de plusieurs actions , les unes ayant pour 
effet d'accroitre le stock d'AA et les autres visant a les utiliser; ainsi dans le 
premier compartiment on placera les bacteries responsables de !'hydrolyse des 
biopolymeres et de Ia degradation des proteines particulaires, les mecanismes 
d'excretion du phytoplancton , des algues benthiques et du zooplancton, et 
surtout les mecanismes de lyse cellulaire qui vent etre a l'origine d'apports 
massifs d'AA dissous lors de Ia degenerescence des populations planctoniques. 
Le deuxieme compartiment est domina par les bacteries qui constituent les 
principaux utilisateurs d'AA dissous; le phytoplancton, le zooplancton et 
certains organismes de Ia macrofauna peuvent absorber des AA a l'etat dissous 
soit dans des periodes de pauvrete du milieu environnant, soit pour combler un 
deficit en certains AA, non synthetises par l'organisme . La presence d'un seuil 
d'utilisation des AALD par les bacteries et Ia limitation des populations 
bacteriennes par les cilies et les flagelles semblent etre les causes 
principales de !'existence d'un stock minimum d'AALD. La regulation de ce 
stock est facilitee par Ia vitesse d'assimilation des AALD par les bacteries 
qui peut etre de l'ordre de quelques minutes dans les cas les plus favorables. 
Ainsi le cycle des AA dissous passe-t-il en grande partie par les bacteries qui 
jouent le role de regulateur du stock existant en milieu marin; mais Ia 
population bacterienne n'est pas homogene et son. influence sur le cycle des AA 
dependra notamment de son aptitude a hydrolyser les structures proteiques 
transportees par les particules; c'est par l'intermediaire d'enzymes 
hydrolytiques situees dans ou sur Ia membrane que plus de Ia moiti9 de Ia 
production pelagique primaire des systemes cOtiers est utilisee par les 
bacteries. 
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M-Vl 
Importance of microalgae as a source of food and chemicals 

S.Ba>JOTIO 

Department of Biology, C.E.N.-S.C.K., 2400 Mol (Belgium) 

ABSTRJU:T 

Several species of microalgae are potential suppliers of food and various chemicals. 
Among the about 30,000 species which exist on the Earth, only a limited number was 
studied. At present, the most promising are Botryococcus (hydrocarbons), Dunaliella 
(bet~-carotene and glycerolL Porphyridium (polysaccharides) and Spirulina (food and 
chem1cals). However, screen1ng of the numerous other microalgae might reveal new 
~aluable_ spec1es. In addition, modern biotechnological techniques may be applied for 
1mproving the quality of the microalgal species having a commercial interest. 

1. INTRODUCTION 

Many species of m~croalgae and blue-green bacteria (known as blue-green algae), 
under su1 tab 1 e growth conditions, produce large biomass quantities, which may be 
used as a source of food and chemicals (Shelef and Soeder, 1980). Research is being 
dev:lope~ on a number of microalgae for the detection of active compounds such as 
ant1b10t1cs, ant1fungal agents and various other pharmaceuticals (Metting and Pyne, 
1983 _; Baker, 1984 ; _Lustigman, 1988). It is thus probable that new valuable algal 
spec1es shall be d1scovered and exploited for the production of food and 
commercially interesting products. 

2. CULTURE AND UTILIZATION OF MICROALGAE 

Although the culture and utilization of microalgae has a long story, the development 
of open and closed systems (photobioreactors) for algal biomass production is rather 
recent (Shelef and Soeder, 1980 ; Gudin, 1981 ; Materassi, 1981). The various 
culture systems were reviewed by Gudin et al. (1981) and by Terry and Raymond 
(1985). At present, the microalgae most investigated are Botryococcus, Dunaliella, 
Porphiridium, Spirulina (fig.1) and few others (Bonotto et al., 1988). The spec1es 
Bot~yococcus brauni i is of particular interest for its capability of producing 
v~nous hydrocarbons, which by the "hydrocracking" process may be transformed into 
?11 (~a~adevall et ~l., 1984 ; Weetall, 1985). The halotolerant microalga Dunaliella 
1s ut1llzed for vanous purposes. The species Dunaliella lardawil grown outdoors in 
3M NaCl contains about 30% glycerol, 29% proteins, 18% ~11% carbohydrates, 
8% beta-caroten~ and 1% c_hlorophyll (Ben-Amotz et al., 1982). Similarly, the species 
Dunal1ella sal1na conta1ns beta-carotene and other products, including a broad 
spectrum antibiotic (Lustigman, 1988). 
In addition, Dunaliella ~produces large amounts (up to 50% of the dry weight) 
of glycerol (Ben-Amotz, 1976), which may be used as raw material in the 
petroc~emical industry. Another species, Dunaliella tertiolecta, included in 
Ca-alg1nate beads under hypersaline conditions, was found to release glycerol into 
the ex~ernal medium. Th_e red I[Jicroalga Porphyridium seems promising for the 
product1on of polysac~handes, wh1ch form thermally reversible gels similar to agar 
and ca;r~geenan. W1th respect to macroalgae producing agar (agarophytes), 
PorphyndJUm has the advantage of growing faster. 
The importance of Spirulina as a source of food was underlined by various authors 
(flur~nd-Chastel, 1980 ; C~ferri, ~981 ; Materassi, 1981). Its protein content may 
atta1n 50-70% on a dry we1ght bas1s. For this reason, Spirulina is marketed in the 
form o_f dry powder or of tablets, as a nutritional supplement. 
In sp1t: of recent efforts, the mass culture of mfcroalgae is economically less 
attract:ve than tha~ of traditional agricultural crops, mainly because the 
p~oduct1on costs rema1n rather high. However, the introduction of new technologies 
m1g~t reduce _the t~t~l costs. The perspectives for the culture of microalgae and 
the1r commerc1al ut111Zation seem thus encouraging. 

Fig.l. . 
Spirulina platensis from an outdoor culture. Scale = 50 llm. (Picture done by the 
~~;~~: i~~~~~) ~o the courtesy of Dr Enrico Sandbank, Israel Institute of Technology, 
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Utilisation de I'Aigue unlcellulaire geante 

Acetabularia acetabulum comme modele pour des etudes 
dans le domalne de Ia toxlcologie fondamentale et appliquee 
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• Laboratoire de Cytophysiologie Vegetale et de Toxocologie Cellulaire, 
Universite de Paris VII, 75251 Paris (France) 
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RESUME 

L 'algue unicellulaire geante Acetabularia est un materiel de choix pour des 
recherches toxicologiques. On a etudie les effets de trois produits, ayant un 
inter!!t pharmacologique (meclofenox.ate et les deux analogues PM 170 et PM 198), sur 
la morphogenese de 1 'algue et sur certaines activites cellulaires (activite 
electrique et mouvements cytoplasmiques). 

1. INTRODUCTION 

L 'Acetabularia acetabulum (= A. mediterranea) est une algue unicellulaire geante 
pouvant atteinareunelongueur de plusieurs centimetres. Decouverte dans la 

~~~~~:~~a~~e~n~;~~n f~~o dj~~~;i(~~~s:~x2~:~~a;~m: ~~ ~~~ndc:ci:nbli:l~~ii~e c~~T~i:: 
sa capacite de croissance et de regeneration, sa polarite morphologique tres 
accentuee et sa morphogenese particuliere en font un materiel de choix pour des 
etudes dans le domaine de la toxicologie fondamentale et appliquee. Le fait que 
1 'algue montre des courants cytoplasmiques et possede une activite electrique 
facilement mesurable augmente davantage son interet, en permettant de tester 
l'action de certaines substances chimiques sur ces fonctions cellulaires. On peut 
ainsi obtenir une reponse dans un delai relativement bref (quelques heures ou meme 
quelques minutes). L 'effet de nombreux composes chimiques sur la morphogenese 
(formation du chapeau) d'Acetabularia a ete etudie par plusieurs auteurs (Borghi et 
cell., 1972 ; Bonotto et coli., 1976). Ce travail reporte les effets de trois 
produits ayant un interet pharmacologique, a ·savoir le meclofenoxate (dit aussi 
"Lucidril") et deux analogues structuraux, representes respectivement sous les 
sigles PM 170 et PM 198 (Arapis, 1982). 

2. RESULTATS ET DISCUSSION 

Des algues vegetatives, traitees par des concentrations el evees de meclofenoxate 
(140-200 mg/1), PM 170 (10-60 mg/1) et PM 198 (130-220 mg/1) subissent une cytolyse, 
qui peut i!tre evaluee en determinant les valeurs de la dose lethale 50 (DLyse50). 
Apres 48 heures de ·traitement les valeurs de la DLyse50 pour les trois produits 
mentiannes ci-dessus etaient respectivement 167, 31 et 171 mg/kg. 
Cejlendant, a des concentrations plus faibles, ces trois produits peuvent favoriser 
la formation des chapeaux chez des algues maintenues dans du milieu synthetique 
ayant une concentration 6,8 mM en Ca2+ (fig.1). L'effet favorable se manifeste de 
maniere encore plus nette pour des teneurs en Ca2+ inferieures, qui provoquent un 
ralentissement de la formation des chapeaux (3,4 mM) ou une inhibition forte (2,7 
mM). 
Il a ete, en outre, observe que la polarite electrique cellulaire s' inverse lorsque 
la teneur en KCl du milieu est augmentee ainsi que lorsque le milieu est additionne 
des produits etudies. La frequence des potentiels d'action est fortement accrue 
lorsque les molecules experimentees sont ajoutees. Pour le meclofenoxate (100 mg/1) 
et le PM 170 (15 mg/1) cette frequence elevee se maintient pendant trois heures 
environ. Avec le PM 198 (50 mg/1), la frequence se situe beaucoup plus longtemps au 
dessus des frequences temoins. I-1 convient de signaler, aussi, que le meclofenoxate 
(5 mg/1) et le PM 170 (3 mg/1) favorisent la reprise des mouvements cytoplasmiques 
en influencant la structure dynamique du cytoplasme. De plus, il parviennent a 
provoquer des mouvements meme dans des cellules a la limite entre dormance faible et 
hybernation (Arapis, 1982). L 'action des produits etudies sur Acetabularia suggere 
un effet auxinique couple vraisemblablement avec des echanges ion1ques. 

Fig.l. 
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ABSTRACT 
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Uptake and cellular distribution of cadmium in the green marine alga Acetabularia 
acetabulum (= A. mediterranea) were studied by using the gamma emitting isotope 
Cd109. This radioelement enters the cell, where it binds to organic compounds. 
Parallel experiments have shown that morphogenesis and cell regeneration are 
sensitive to cadmium poisoning. 

1. INTRODUCTION 

It is well known that important amounts (about 10 million kg) of cadmium are 
annually brought to the oceans from the atmosphere and from the rivers (Seeliger et 
al., 1988). Since, according to the classification of Forstner and Wittmann (1981), 
cadmi urn belongs to the group of very taxi c e 1 ements, it is of interest to 
investigate its uptake, distribution and biological effects in marine organisms. 
Acetabularia acetabulum is a giant unicellular marine alga, which is particularly 
suitable for studying the effects of toxic compounds (Arapis et al., 1988). The 
large size of the cell (several em in length) allows a rapid visual screening of 
inhibitory effects (on growth and cap formation) and of cytolysis. In this paper are 
summarized the main results of recent experiments on the uptake and biological 
effects of cadmium in this organism. 

2. RESULTS AND DISCUSSION 

Accumulation and desorption of cadmium in Acetabularia acetabulum was studied by 
using Cd109, a gamma emitting isotope which decays i"iitOStallT"e Ag109 with a 
half-life of 464 days. After short (a few hours), exposures, the release of Cd109 
was nearly complete, suggesting that little or no cadmium was fixed by the cell 
under these conditions. After a 7 days incubation, concentration factors {CFs) 
comprised between 500 and 800 were found. These va 1 ues are similar to that reported 
for Dunaliella bioculata (CF = 300) by Saraiva and Fraizier {1975). It was 
ascertained that Cdl09 accumulation is not due to adsorption to the polysaccharidic 
(mannan) cell wall, by differential centrifugation of labelled homogenates. Column 
chromatography on Sephacryl S-200 of buffered cell extracts (2 M NaCl, 5 M Urea, 
0.02 M Tris HCl, pH = 7 .5) has revealed that Cdl09 becomes associated with both high 
{> 50 kdaltons) and low {< 10 kdaltons) molecular weight organic molecules. 
Enzymatic digestion with proteinase K has shown that the high molecular weight 
compounds capable of binding Cd109 are mainly constituted by proteins. Early studies 
have demonstrated that Cd combines with -SH groups, competes with and displaces Zn 
in a number of In-containing metalloenzymes by irreversibly binding to active sites 
{Hirster and Wittmann, 1981). Possibly, a similar process occurs also in 
Acetabularia. The nature of the low molecular weight compounds which bind Cd109 
deserves further investigations. Recently, a class of small, cysteine-rich peptides 
capable of binding heavy metals via thiolate coordination, named phytochelatins, 
were found in Euglena gracilis and Ochromonas danica as well as in yeasts and higher 
plants (Grill et al., 1985, 1986, 1987; Piccinni et al., 1985). It would be worth 
searching whether phytochelatins are present also in Acetabularia. Several 
experiments on whole and anucleate cells and on regenerating basal fragments have 

~:~~a ~~~e;~~! t i~hni swe~~ga ob~~r~:~s ~ ~~~~d~o a ~a~~i ummgJ~i sm;:. 11~h !~~~~~). e!~e~;~h~~ 
concentrations, inhibition of cell regeneration is stronger and no whorls are formed 
at the ilpex of the fragments {fig. 18). In preliminary experiments, the calculated 
LD1ysis50 for whole and anucleate cells and for regenerating basal fragments, after 
a 48 hours treatment, were respectively 1, 0.5 and 0.8 mg/1. These results suggest 
that Acetabularia may be useful as test organism for studies on environmental 
pollution by heavy metals. 

i~~j~itory effects of cadmium on the regeneration of Acetabularia (basal fragments), 
after a 11 days treatment. A : 0.1 mg/l ; B : 1 mg/1. Scale - 2.5 mm. 
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Bacteria associated with the surface of freshwater sponges 
reflect the environmental microflora. 

Les mecanismes de capture des bacteries par les eponges sent 
relativement bien connus. Il n'existe cependant que peu de tra
vaux d'identification des germes associes in situ a leur surface 
En outre ces recherches n'ont porte que sur des especes marines. 

On sait notament que de nombreuses eponges contiennent des 
bacteries intra- ou extracellulaires, symbiotiques ou non, soit 
dispersees dans la masse de tissus, soit situees a leur surface 
( VACELET et DONADEY 1977, WILKINSON 1978, WILKINSON et al. 1981 
et 19841. 

VAN IIEEL (19491 suppose que la "proprete• de !'epithelium 
des spongiaires est due a la capacite phagocytaire des cellules 
epitheliales tandis que GILBERT et ALLEN <19731 incriminent la 
secretion d'antibiotiques par l'eponge. Leurs hypotheses ont ete 
verifiees par FROST <19761 et IIILLENZ et VAN DE VYVER <19821. 
VACELET (1975l suggere que les substances antibiotiques pour
raient etre synthetisees par les bacteries associees, bien que 
des eponges sans microflore possedent une activite antibiotique. 

MAORI et al. ( 1967l font etat d' une flare indigene chez 
Microciona prolifera, constituee de pseudomonadacees, coryne
bacteries, flavobacteries et enterobacteries. Leur densite est 
plus elevee que dans le milieu environnant. BERTRAND et VACELET 
< 19711 ant identifie des Pseudomonas et des Aeromonas associes a 
des eponges carnies de Mediterranee. WILKINSON <19781 a realise 
une classification de bacteries par taxonomie numerique. Trois 
eponges marines taxonomiquement differentes contenaient des 
symbiontes bacteriens phenotypiquement assez semblables mais 
differents du milieu. Une quatrieme contenait une population 
mixte semblable a celle de 1' eau ambiante. 

Au cours de ce travail, nous avons entrepris d'identifier 
les bacteries associees ala surface de trois especes d'eponges 
d' eau douce de Belgique: Ephydatia fluviatilis <etang de 
Linkebeekl, Ephydatia mulleri et Spongilla lacustris <etang de 
Virellesl. 

Des boites de Petri remplies d' un milieu de culture solide 
<EMB, TGE, KING et PSEUDOMONAS AGARl sent appliquees sur la 
surface de l'eponge, celle-ci restant liee a son support: 
branchage, caillou ou mur de soutenement. Conjointement, de 
1' eau de l'etang est ensemencee sur une autre serie de boites. 

Les boites sent ramenees au laboratoire et incubees a 
differentes temperatures selon le milieu d' isolement. Les 
colonies qui en resultent sent isolees puis soumises aux tests 
permettant leur identification : coloration de Gram, 
morphologie, mobilite, oxydase, catalase,. croissance sur milieu 
Mac Conkey, pour terminer par la gamme de tests des galeries API 
< 20 E, 20 NE, CHBl. Par cette methode, on n' isole evidemment que 
les bacteries heterotrophes aerobies. 

Les bacteries associees aux eponges appartiennent a deux 
groupes : 11 les Bacillus, Gram positifs, sporules; 21 les 
bltonnets Gram negatifs, pouvant eux-memes etre partages en deux 
sous-groupes : les "oxydase plus" et les "oxydase moinsu 

Parmi les "oxydase mains", nous trouvons des Enterobacte
riaceae ( Enterobacter, Escherichia, Kiebsiella, Serratia, Citro
bacterl, des Vi bri onaceae ! Aeromonasl, un Pasteurella et un 
Acinetobacter. Parmi les "oxydase plus", nous trouvons des 
Pseudomonadaceae <Pseudomonas et Achromobacterl. Les deux 
groupes et sous-groupes oontiennent des germes couramment ren
contres dans les eaux a l'exception de Pasteurella haemolytica 
qui est en principe un pathogene de mammiferes et d'oiseaux. 

Sur les cinquante six souches isolees, neuf n' ant pu etre 
identifiees. Il s'agit de bltonnets Gram negatifs aerobies. Cinq 
ant un metabolisme diversifie mais qui ne repond pas aux 
criteres habituels de determination. Quatre ne metabolisent 
pratiquement aucune des substances qui leur ant ete fournies. 

D'une maniere generale, les bacteries retrouvees ala surfa
ce de ces eponges dulcicoles correspondent aux groupes presents 
dans les eaux d'ou elles proviennent. Elles sent done un reflet 
des bacteries de l'environnement. Il ne s'agit pas ici de bacte
ries symbiotiques mais de representants de la flare microbienne 
servant de nourriture aux eponges ou adherant a leur surface. 
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This work describes a sensible and accurate method for 
measuring the retention and digestion rate of bacteria by 
sponges. Results are presented for the freshwater sponge 
Ephydatia fluviatilis fed with Escherichia coli suspensions. 

Les spongiaires se caracterisent par une capacite elevee 
de filtration et de retention de divers types de particules 
dent les bacteries <REISWIG 1975. FROST 1978). In vitro. des 
taux de croissance importants ont ete observes lorsque les 
eponges sent nourries uniquement de suspensions bacteriennes 
< RASMONT 1961, FRANCIS and POIRRIER 1986. HUYSECOM et al.. 
1 988). 

Ce travail presente une methode permettant d'evaluer la 
capacite de retention et de digestion des bacteries par les 
eponges, en particulier par l'eponge d'eau douce Ephydatia 
fluviatilis qui se cultive aisement en laboratoire <RASMONT 
1961>. La methode proposee est une amelioration de celle de 
IIILLENZ et al. < 1986) consistant a marquer les bacteries a la 
thymidine tritiee et a enregistrer leur ingestion dans les 
eponges par une mesure de la radioactivite au cours du temps. 

En pla9ant des eponges pendant 1h dans une suspension de 
bacteries marquees et en mesurant ensuite le traceur accumule 
dans chaque eponge, on determine la vitesse de retention 
(nombre de bacteries retenues par heure et par eponge). 
L'experience peut etre realisee soit sur des eponges a jeun 
soit sur des eponges cultivees au prealable pendant une 
peri ode determinee en presence d' une suspension de bacteries 
non marquees. 

La thymidine tritiee n'etant pas ou peu incorporee par les 
eponges, on y observe rapidement une decroissance du marquage 
et une augmentation correspondante de la radioactivite dans le 
milieu exterieur. Selon i!ILLENZ et al. ( 1986), cette situation 
serait liee a une exocytose des produits de la digestion. La 
vitesse de digestion des bacteries par les eponges peut done 
etre evaluee en transferant ces dernieres en milieu sterile, 
apres incubation dans une suspension bacterienne marquee, et 
en mesurant l'evol~tion du marquage de 1' eponge au cours du 
temps. 

Cette methode nous a permis d'etudier dans un premier 
temps la cinetique de retention par E. fluviatilis d' 
Escherichia coli a differentes concentrations. L' influence de 
l' etat nutritionnel des eponges ainsi que l'existence d'une 
valeur optimale du taux de retention ont ete mises en evidence 
( HUYSECOM .!U......J!l.. , 1 988 l . 

La digestion d'E.coli parE fluviatilis a ete etudiee dans 
un second temps en pla9ant des eponges pendant 1h dans une 
suspension de bacteries marquees <10' bact/mll et en les 
transferant ensuite en milieu sterile. 

La mesure de la radioactivite apparaissant dans le milieu 
exterieur montre qu'E.coli est totalement digere par l'eponge. 
En effet, le passage du milieu sur filtre millipore ( 0. 45).lml 
n'en reduit pas la radioactivite de maniere significative ce 
qui indique que celle-ci n'est plus liee aux bacteries. Par 
ailleurs, l'absence d'augmentation du nombre de bacteries 
vivantes dans le milieu exterieur a ete verifiee par 
denombrement des germes au cours du temps. 

La decroissance de la radioactivite dans les eponges 
transferees en milieu sterile est lineaire. La pente de la 
droite permet d'evaluer la vitesse de digestion d'E.coli a 
8. 8% des bacteries ingerees par heure. ---
La meme experience a ete appliquee a des eponges nourries 
prealable pendant 12h avec une suspension d'E.coli non 
marques. Dans ce cas, la decroissance de la· radioactivite dans 
les eponges est retardee de 3 a 5h. 

En conclusion, la sensibilite et la reproductibilite de 
cette method.e permettent de distinguer et de quantifier lea 
phenomenes de retention et de digestion des bacteries par les 
eponges. 
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The present work analyzes, in standardized laboratory 
conditions, the digestion of three bacterial species by the 
freshwater sponge Ephydatia fluviatilis. The results suggest 
that digestion rate of sponges could be related to bacterial 
morphological characteristics and/or the nature or abundance 
of their glycocalyx. 

Dans la premiere partie de ce travail consacre a la 
nutrition bacterienne des eponges, nous avons montre a l'aide 
d' une methode basee sur 1' ingestion de bacteries marquees a la 
thymidine tritiee qu' Escherichia coli etait tres efficacement 
retenu et totalement digere par Ephydatia fluviatilis. Divers 
travaux ayant montre que d'autres bacteries et des levures 
pouvaient etre retenues par les eponges avec des efficacites 
tres variables (FROST 1980, VAN DE VYVER et al. 1988), nous 
nous sommes proposes dans le present travail de comparer la 
retention et la digestion de trois especes bacteriennes 
Escherichia coli, Enterobacter agglomerans et Aeromonas 
hydrophila. 

Les souches utili sees ont ete isolies a partir d' eponges 
ricoltees dans les etangs de Linkebeek et de Virelles 
(Belgique>. Ce sont des batonnets gram negatifs, mobiles et 
communs dans les eaux deuces, appartenant au groupe des 
bacteries enteriques. 

Aprea une heure de contact avec des bactiries marquies 
< 10 7 bact/mll, on observe une accumulation importante de la 
radioactivite par E. fluviatilis correspondant a une retention 
de 90% pour E. coli, 87% pour E. agglomerans et 77% po·ur 
A. hydrophila. Par denombrement des bacteries dans le milieu 
d' incubation, on constate que leur reduction numerique est en 
relation avec leur taux de retention. 

L' analyse des resultats montre que les trois especes 
bacteriennes sont digerees par 1' eponge mais que leur temps de 
transit est different. E. coli est digeri plus rapidement que 
lea deux autres bacteries testees. Bien que les resultats 
soient plus heterogenes pour ces dernieres, on peut cependant 
estimer leur vitesse de digestion (bactirres/heure) a 4,4% des 
bacteries ingerees pour E.agglomerans eta 3,3% pour 
A. hydrophila alors qu• elle est de 8. 8% pour E. coli. 

L' observation, au microscope electronique a balayage, des 
suspensions bacteriennes utilisees permet de comprendre 
partiellement ces differences. Bien que les trois types de 
bacteries aient une morphologie semblable, la presence de 
chainettes chez A. hydrophila, de fibrilles de glycocalyx 
reliant les cellules entre elles chez E. agglomerans pourrait 
expliquer 1' allongement du temps de digestion de ces 
bactiries. 

En conclusion, il nous parait vraisemblable que la vitesse 
de digestion des bacteries par lea iponges puisse etre liee 
aux caractiristiques morphologiques, a l'abondance et/ou ala 
nature du glycocalyx bacterien. Il serait cependant 
interessant de poursuivre ce travail avec des bacteries 
presentant des caracteristiques fort diffirentes (coques, 
bacteries encapsulees, ... l. 
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L'un des aspects les plus importants des inter.actions entre le 
cadmium et les bacteries reside dans la fixation du metal par les 
cellules, son accumulation et sa biotransformation sous une forme plus ou 
moins accessible et utilisable par d'autres organismes. La souche test 
utilisee au cours de ce travail etait une pseudomonadacee halophile, isolee 
d'un sediment non pollue par les metaux (Vlllefranche-sur-mer, France). 
Cette souche sensible au cadmium (concentration minimale inhibitrice 10 
mg/1, sous forme de chlorure) (1) fixait en 24 h plus de 1,5 mg de 
cadmium par gramme de cellules seches, a partir d'une solution saline 
additionnee de I mg Cd(chlorure)/1 (2). La quant!te de metal flxee etait 2 a 
3 fois plus elevee en eau de mer naturelle ou en solution saline, que dans 
ces memes milieux additionnes de peptone et d'extrait de levure, ou bien 
en milieu organique complexe. Ceci pouvait etre du a la complexation du 
metal par les composants organlques de ces m111eux de culture (3, 4). La 
quantite de cadmium fixee par cette souche dependante du sodium etait 
maximale dans la gamme des salinites proche de l'eau de mer naturelle 
(30-50 g/1). Aux salinites plus basses, la fixation etait plus faible, ce qui 
pouvait etre expllque par une deterioration du metabolisme du a un 
manque de sodium (aucune croissance n'a ete observee en !'absence de 
cet ion) (5), ou par la presence de l'espece toxique Cd2+ (6). Aux salinites 
plus elevees, la plus faible fixation pouvait etre expliquee par !a presence 
de CdCi3 et CdC12- moins accessibles que la forme CdCl2 (6), predominante 

en eau de mer (7). La fixation du cadmium etait 5 fois plus elevee a 2rc 
(temperature de croissance optimale) qu'a 4°C. D'autre part, cette souche 
aeroble stricte placee en anaerobiose pendant 4 h accumulait 2 fols moin~ 
de metal, bien que n'etant pas tuee par le manque d'oxygene. La fixatior 
du cadmium etait constante pour de faibles variations de pH (0,5 pH: 
autour de la neutralite. De plus fortes variations induisaient de~ 

modifications dans la fixation du metal. Plusieurs substrats 
intermediaires du cycle de Krebs ou donneurs d'electrons, augmentaien· 
l'activite respirato!re de Ia bacter!e, ma!s ne mod!f!aient pas le taux d~ 
fixation du metal. 

Les parametres physlco-chimlques du m111eu entrainent la modiflcatior. 
des formes du cadmium, le rendant probablement plus ou moin~ 

accessible aux micro-organismes (8, 9). Toutefois, les variations drastique~ 
de ces parametres pourraient aussi induire des modifications du 
metabol!sme des cellules et modltier a1ns1 !'accumulation du cadmium. 
Ces observations suggerent que la fixation du cadmium par cette bacterie 
halophile sensible au metal etait gouvernee non seulement par son etat 
physiologique, mais aussi par les parametres physico-chimiques du 
m111eu. 
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Introduction : 
Le cadmium, comme de nombreux eh~ments metalliques rejetes en mer, est 

capable de se Jier a des substances organiques ou minerales. Ainsi complexe, ce 
metal peut devenir plus accessible a certains organismes comme Ia moule (George 
et Coombs, 1977) ou au contraire moins accessible a d'autres comme le barnacle 
(Rainbow et al., 1977). De nombreux travaux ont montre !'accumulation par les 
bacteries des metaux Iourds, dont le cadmium (Doyle et al., 1975 ; Gauthier et 
Flatau, 1977 ; 1980), et le mercure (Austin et a!., 1977). En modifiant la forme 
physico-chimique du mercure, elles peuvent augmenter; son accessibilite en 
formant des alkylmercures plus assimilables par les animaux marins (Gavis et 
Fergusson, 1972 ; Fowler et al., 1978) : l'huitre Crassostrea virs-inic.;, fixe par 
exemple plus de mercure en presence de Pseudon::ron.;,s capables de le reduire ou 
de le fixer prealablement (Sayler et al., 1975). 

Le but de ce travall etalt de comparer la fixation du cadmium par la moule, le 
metal etant apporte sous forme ionique ou prealablement incorpore par des 
bacteries marines l'accumulant (S) ou l'accumu1ant peu (R), et d'en deduire le role 
des bacteries sur Ia fixation de ce metal par des organismes plus evolues. 

Materiel et Methodes : 
La cinetique d'accumulation du cadmium par des moules a ete suivie pendant 

une dizaine de jours. Le cadmium etalt fourni sous forme de chlorure (1 mg Cd./1) 
en presence de bacteries non prealablement cadmiees (R ou S), ou bien fixe par les 
m~mes souches (equivalent a 20 1-'g Cd/1). La charge bacterlenne Halt identique 
dans toutes les experiences. 

Resultats : 
Que le cadmium ait ete sous forme ionique ou sous forme fixee par les 

bacteries, !'accumulation a decru dans le sens : visceres > branch!es > manteau, 
quelle que soit la souche bacterienne utilisee. Ce resultat avait deja ete decrit par 
d'autres auteurs dans le cas de certains chelatants (George et Coombs, 1977). 

L'accumulation du cadmium par les moules a partir du metal lonique etait 
d'allure non exponentlelle et, au bout de 10 jours de contact, elle etait 5 a 9 fois 
molndre qu'a partir du metal prealablement fixe par les bacteries, suivant 
l'organe concerne (Tableau n° 1). Dans ce cas, les moules pouvaient accumuler le 
cadmium dissous et le cadmium progressivement fixe par les bacteries 
(inltlalement non cadmiees) rajoutees dans le mllieu pour equillbrer la charge 
bacterienne dans les deux types d'experiences. Cecl expliqueralt la plus grande 
accumulation chez les moules en presence de la souche (S) qui tixait plus de metal 
que la souche R. 

Tableau no !. Facteur d'accumulation du cadmium par d1fferents 
organes apres 10 jours de contact, le metal etant sous forme "chelatee" 
par les bacteries, ou sous forme ionique. 

Organes Cd chelate par les bacteries 
Visceres 1500 
Branchies 500 
Manteau 250 

Cd lonique 
170 
60 
50 

La plus grande accumulation par les moules a partir du cadmium lie aux 
bacteries pourrait etre due a sa plus grande disponibil!te et aussi a l'importante 
capacite des moules a filtrer l'eau environnante et a en retenir les particules en 
suspension comme les micro-organlsmes. Dans ce meme cas, !'accumulation plus 
rapide par les moules en presence de Ia souche (R) pouvait etre due a une fixation 
plus labile du metal sur Ia parol cellulaire de cette bacterie. 

Les resultats de ce travall suggerent done que les organlsmes marins filtreurs 
comme Ia moule peuvent avoir des reactions differentes en presence de polluants 
metalliques selon la microtlore associee, les micro-organismes pouvant 
conditionner dans une certaine mesure le devenir des metaux dans Ia chaine 
alimentaire. 
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Adherence bacterienne sur supports inertes et vivants* 
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Microscopie balayage 

Sediment marin 
15 rnrn=1 .urn 

Typha latifolia 
2 mrn=5 .urn 

Glyceria maxima 

18 rnrn= 10 )lrn 

coloration au rouge de ruthenium 

Sediment lacustre 
15 mm=1 ,urn 

Iris pseudacorus 
8 rnrn=10 .urn 

Phragmites australis 

3 rnm= 10 .urn 

~vitro Ephydatia fluviatilis cultivee sur lamelle de ver 

Ostiole Lamelle de verre 
32 rnm= 10 ,urn 8 rnrn= 10 ,urn 

Dans la nature, tout support inerte ou vivant est 

colonise par les bacteries de 1 'environnement qui y adherent 

par l'intermediaire de leurs glycocalyx. On observe des 
phenomenes similaires en laboratoire. 

* Ces photos sent extraites d'une s€:rie de diapositives qui illustreront l'expos€: 
present€ lors de la R€:union Pluridis:ciplinaire sur les nPh€:nom€:nes d' adh€:rence 
bact€:rienne sur le benthos, les sediments et leurs implications". 
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between the Mediterranean and Atlantic Basins 
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A major field program was carried out in the Strait of 
Gibraltax from October 1985 to October 1986, involving 
approximately 20 research groups from the United States, Spain, 
Morocco, Great Britain, France and Canada. The goal of the 
Gibraltar Experiment is to understand how the dynamics of 
two-layer flow through the narrow and shallow Strait controls the 
amount of exchange between the Atlantic and Mediterranean 
basins. Here, we present a brief summary of the research projects 
carried out as part of the Gibraltar Experiment. Next, we show 
that the estimate of the outflow of Mediterranean water through 
the Strait depends on a definition of the characteristics of the 
outflowing water. Finally, we discuss the investigations of the 
hydraulic control conditions for the two-layer flow through the 
Strait. 

The research projects consisted of synoptic shipboard surveys, 
moored time series measurements and modeling studies. Five 
hydrographic cruises were carried out over the year-long experiment 
including CTD stations and water sample analyses for salinity, 
freons and trace elements in order to examine the hydrographic 
structure and the heat and salt transport of the flow through the 
Strait. Two cruises measured turbulence and dissipation and one 
examined the internal hydraulics at critical regions in the Strait. 
There were shore-based radar and airborne synthetic aperture 
radar measurements of the solitary waves propagating eastward 
into the Mediterranean. Finally, there was a study of the funneling 
effect of the atmospheric flow due to the Strait orography during 
high wind events. The moored. time series measurements consisted 
of 30 moorings measuring currents, pressure, sea level, temperature 
and salinity throughout the year-long period at critical locations 
(Figure 1). Modeling studies emphasized the problem of hydraulic 
control of the two-layer flow by the combination of sills and narrows 
present in the Strait. 

Figure l. Gibraltar Experiment mooring array. Not all locations w-ere 
occupied for the duration of the experiment. The mooring array was 
designed to provide intensive coverage at one across-strait section 
(Camarinal sill, northeast of Tangier), good along-strait coverage, 
and less intense coverage at a second across-strait section (in the 
narrowest part of the strait, east of Tarifa). The along-strait moo
rings generally follow the deep outflow path, which is south of the 
centerline west of the sill. Solid circles indicate sea level gages, 
open circles are bottom pressure gages, solid squares are meteorolo
gical stations. open triangles are doppler acoustic profilers, closed 
triangles are current meter moorings, and crosses ara thermistor chain 
moorings (the four crosses in the along-strait alignment included cur
rent meters). 

On the first hydrographic cruise, observations were made of 
western Mediterranean deep water exiting directly over the sill 
confirming a long-standing hypothesis. The moored current meter 
measurements show that the time-averaged Eulerian outflow over 
the sill is only 0.4 Sv. However, the interface between Atlantic and 
Mediterranean waters moves up and down over the tidal cycle and 
when the interface is shallow there is strong outflow of 
Mediterranean water. The current and salinity time series show 
that the strong correlation between the outflow velocity and the 
depth of -the Mediterranean water yields a net outfiow salinity 
transport (above a base Atlantic water salinity of 36.2 ppt) of 
1.5 Sv ppt. Thus, the outflow can be considered to be either a 
0.7 Sv outflow of pure (S = 38.4 ppt) Mediterranean water or a 
1.1 Sv outflow of mixed (S = 37.5 ppt) Mediterranean-Atlantic 
water. 

Many of the measurement programs were designed to 
investigate the hydraulic control conditions of the flow through the 
Strait. The flow at the sill exceeds a critical Froude number of one 
for short periods during nearly every semidiurnal tidal cycle. 
Critical Froude number flow was also observed a.t certain times in 
the narrowest part of the Strait just east of Tarifa. Also, the 
outfiow over the westernmost sill north of Cape Spartel was always 
observed to be close to critical Froude number. Thus, the flow does 
a.ppear to be hydraulically controlled at certaii! places and times. A 
remaining issue is to determine whether the two-layer exchange 
through the Strait is maximal or submaximal. Both hypotheses 
have been put forward and a close examination of the time series of 
the-eastern parts of the Strait is being carried out to distinguish 
between the two. 
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Resonant generation of nonlinear 

Internal waves In a channel 
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Satellite remote sensing and field experiments have shown that 
regions of abrupt topographic change can be the sites of significant internal 
wave activity in the coastal oceans. In Gibraltar Strait the exchange flow 
over bottom topography and past lateral constrictions gives rise to periodic 
generation of .internal waves that propagate into the Alboran Sea. In the Gulf 
of California, tidal flows in the channels and past islands generate internal 
waves which propagate into the northern regions of the Gulf. If the waves 
were linear and dispersive they would decay in amplitude and not be of signi
ficance far from the generation site. The observation that the flows which gene-

~~~te t~~p~:~~= e~f:~ts b~f ~~::re:t. c~~~c~~l:::eud:et:~:nbe~on~:n:":ri;;s~~J?~~e and 
dispersion then makes waves of (almost) permanent form which can propagate 
to great distances from the generation site. 

There has been a great deal of interest in ·the resonant generation 
of nonlinear waves by moving disturbances in non rotating systems (see WU 
0987) for a review), and some work on the forcing of nonlinear Rossby waves 
however, little has been done on the generation of nonlinear· Kelvin waves. 
Indeed, the subject of nonlinear Kelvin waves is one of some controversy 
(MAXWORTHY, 1983 ; GRIMSHAW, 1985 ; RENOUARD et al., 1987 ; KATSIS & AKYLAS, 
1987). The primary result in the non rotating case is that three-dimensional 
forcing may lead to two-dimensional solitary waves upstream. This result is 
unlikely to hold in rotating systems in which rotation influences the reflection 
process that permits the transition to two-dimensional waves upstream. Further, 
the presence of other modes, most notably Poincare waves, leads to 
complicated picture. 

Experiments were conducted, at the Coriolis Laboratory, I.M.G., 
to investigate the generation of nonlinear waves upstream of a transcritical 
disturbance in a rotating channel. A channel 10 m long and 2 m wide was 
placed on the large rotating platform. The channel was stratifiecl with layers 
of fresh and salt water. A "ship-shaped" body was suspended from a motorized 
carriage and towed at constant speed alcng the channel. Internal waves were 
measured with a set of interface followers, 

The measurements show that non linear waves are2 generated ups
tream. The leading wave profile at the wall has a sech shape, similar to 
a KdV solitary wave (cf. RENOUARD et al., 1987). The nonlinear correction 
to the wave speed is proportional to the amplitude at the wall, which increa
sed with increasing Froude number in the transcritical regime ; although some 
experiments showed a local maximum at supercritical Fr (cf. MELVILLE & 
HELFRICH, 1987). The decay of the wave across the channel was approximately 
exponential (scaling on the Rossby radius), with a tendency to be a little 
slower at the larger Froude numbers. The waves showed a clear 'change in 
phase across the channel, consistent with the curvature observed in earlier 
related experiments (MAXWORTHY, 1983 ; RENOUARD et al., 1987). 

The results are discussed in the light of the recent controversy regar
ding the existence of solitary Kelvin waves. In particular, attention is drawn to 
the fact that for some parameter ranges transcritical forcing of Kelvin waves is 
not separable from transcritical forcing of Poincare waves ; in consequence of 
which the presence of both modes may be anticipated. 
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Observation of internal solitary waves 

generated in a strait 
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Packets of internal solitary waves observed in summer 1986 in the gulf of Korinthos 

,Western Greece, are described in this note. Thermistor chain data (from 10 to 60 mat 5m 

intervals) were collected at a station 17 km east of the Rio-Antirio strait (western 

entrance of the gulf, sill depth 60 m) from 26 june to 29 july in 15 min. intervals. The 

strait is 5 km wide and has a sill depth of 60 m. Important tidal currents are known to be 

present in the strait. Upwellings have been reported to occur in the north-western coasts 

of the gulf extending to the Rio-Antirio strait [5}. The internal solitary wave signal was 

extracted from measurements by first applying a high pass filter to each of the original 

time series. The in-phase lowering and rising of the interfaces (a well known. charac

teristic of solitary waves) [7] were visualized by multiplication of all individual high-pass 

time series. 

A series of internal solitary waves were thus observed. They appeared at the end of 

distinct upwelling events and were found to occur every 12.45 hours at flood tide. It is 

evident from those remarks that their generation mechanism is related both to upwell

ing and tide. In fact, strong tidal flow and strong winds, which generate upwelling, 

form an important isopycnal depression behind the sill [2]. When both the wind stops 

and the tidal-flow reverses, the released energy disintegrates into internal waves. The 

tide-sill interaction has already been reported in litterature [1] as a solitary wave gener

ation mechanism. In our case, it seems that this mechanism is not sufficient in itself. When 

the conditions following an upwelling event are also present, solitary waves are produced. 

In figure 1 are shown the two strongest solitons observed. Their amplitudes were com

puted to be 15 and 10 meters respectively and were found to fullfill the shallow water 

KdV theory requirements [4], namely that : sqrt(a/H)=O(H/A.) where a,H,A. denote the 

amplitude, total depth and wavelength respectively. It can be seen that the second wave 

displays positive polarity (upward thermocline displacement), an unusual feature in 

T 
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Figure 1 

marine solitary waves. Such positive polarity waves are predicted by KdV theory [6] to 

occur in the case of thicker upper layer (h1>h2) and have been simulated in numerical ex

periments [3]. It is suggested that the change of polarity took place during the passage of 

the wave over a 40 meter deep neighbouring bank. 
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A model for the Alboran Sea 
internal solitary waves 

Stefano PIERINI 
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The propagation into the Alboran Sea of the interface depression 

generated at the Strait of Gibraltar by the interaction of the semidiurnal tidal cur

rent with the maln (Camarinal) sill is studied numerically by using a unidirectional 

model with two horizontal space dimensions (PIERINI, 1986)-

An initial waveform within the strait -just east of the sill

has been determined whose evolution compares well with the train of internal solitary 

waves detected in the Alboran Sea via current measurements at different depths, as 

described by KINDER (1984). 

The agreement is good in two points (where data are available) 

located at about 45 km East of the strait, the first aligned with the strait axis and 

the second 20 km to the North. 

Moreover, the shape and amplitude of such initial condition is 

in agreement with a typical· interface depression generated by the interaction of the 

tidal current with the sill. 

A series of numerical experiments with different initial condi

tions is also performed and the reason why solitary waves may or may not be observed 

in the Vlestern part of the Alboran Sea is thus clarified. 

In general, the horizontal shape of the waves is similar to that 

exhibited in pictures taken by the Space Shuttle Challenger. 

A discrepancy between the numerical and the observed shape, i.e. 

the higher curvature of the waves in a beam aligned with the strait axis, is to be 

accounted for the advection due to the Atlantic water inflow which is not modelled 

here. 

The present study helps to understand the observed connection 

between the weakening· of the Atlantic water jet (and corresponding weakening of the 

Alboran Sea gyre) and the appearance of energetic internal solitary waves . 
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The Levantine Intermediate Water ( LIW) reaches the \':estern ~·1edi terranean Basin 

through t:he Strait of Sicily flowing over two sills 430 and 365 metres deep. Past 

the sills it enters first into the large valley delimitated by the Sicily and the 

Tunisia continental slopes, and by the ?-L Elini chain to the No:-th. 

The LI\IJ has th:-ee possible ways out into the western basin: directly toward 

the sardinia Channel, between ~- Aceste and M. Drepano, and along the Sicily con

tinental slope. 

Seasonal hydrological surveys of the above area were carr.::.ed. out in the fra

mework of the POEM Project in October 1986, 1•larch and September 1987, !-~arch 1988. 

The first results obtained from the distribution of salinity maximum, which is a 

good tracer of the LI\tJ, are reported. 
The isolines representing the salinity maximum obtained fran the observed data 

indicate at first sight the area occupied by the LIW, their weak dilui tion 'along 

the "core'1 which J::Oints out the flow direction, and the cross gradient which gives 

an idea of the flow intem;i ty (Fig. 1). 

The larger influence of the deepr sill is easily recognized {this however does 

not exclude the transit of LI\'J over the shall over sill, where less dense water is 

observed). 
The "core" of the LIW tends to dispose itself along the Sicilian side of the 

valley up to our farthest cross section, south of Ustica Island. 

In the vicinity of the sill near to seamounts Drepano and Aceste a secondary 

branch sterns out of the main flow and moves counterclockwise toward NVJ. One re

marks in the vertical section (Fig. 2) that thE former flow transport; the upper 

part of the LI\>!, namely water lying between the depths of 300 and 400 m; the water 

underneath feeds the East flow of the LIW. 

The se~sonal changes appear through the shape and size of the areas the LIW 

occupy rather than through the salinity variations. Indeed these variations, after 

the CTD accu:--s.te calibrations, resulted in the range of errors. 

In wintertime the flow is observed to be generally compact in comJ:a:-ison with 

the widespread one obsErved in summertime. Its deeper part follo\>S closey the Sici

lian side of the valley and moves Eas1loJarct·:. The shallower flow appears as a water 

tongue of .. nore saline water than the other. 

In summertime a displacement of the flow av!2Y from the Sicily is noted as well 

as some prevalence of the shallov;er flow with its transport toward the Sardinia 

Channel. 

Fig. 1 - Salinity maximum distribution. The shaded line indicates the bottom 

boundary of LIW salinity maximum. 

I 
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Fig. 2 - Vertical salinity distribution along cross section of Fig. 1. 
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Mixing and Internal hydraulic characteristics 

of Bosphorus exchange flow 
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The main oceanographic features of the Bosphorus water 
exchange associated with its mixing and internal hydraulic 
characteristics are reported in the following using the 
findings from a total of 24 surveys of R/V Bilim comprising 
the period of November 1985-0ctober 1987. 

A persistent two-layer system of exchange normally takes place 
in the Bosphorus. The two-layer system attains marked 
seasonal variations depending particularly on the intensity of 
the Black Sea inflow at the surface layer as well as the 
shorter-term changes occuring in response to the prevailing 
wind conditions. Trre two-layer stable density stratification 
is dominated by the salinity, even though the temperature 
undergoes considerable seasonal variations. The salinity of 
the upper layer varies between 16.5-l8;5ppt at the northern 
half of the Strait throughout the year, with the lower values 
indicating summer conditions corresponding to the peak Black 
Sea inflow <June-July>. The salinity of the lower layer 
waters attains a maximum value of 38.5ppt near the Marmara 
exit region. The surface and bottom waters are separated by a 
sharp interf(lcial layer with an average thickness of .10m at 
the northern part of the Strait. The interface extends 
horizontally with a mild slope towards the constricted area 
and is situated close to the bottom <about 40-50m below the 
free surface~. The transitional layer may be identif~ed in 
the salinity transects by the zone located between the 
salinity limits of t6-22ppt and 33-38ppt. Towards the 
southern end of the Strait, significant changes take place 
with respect to the position of interface as well as the 
stratification, mixing and flow characteristics. This region 
is characterized by intense mixing of the bottom waters into 
the upper layer, a sharp upward tilt of the interface and the 
intensification of the upper layer currents. The vertical 
mixing results in a. total increase of about 2-3ppt in the 
upper layer salinity between the two ends of the Bosphorus. 
The salinity of the northerly flowing bottom layer wa-ters 
decreases accordingly by about 2-3ppt. The interfacial zone· 
becomes much broader as compared with further upstream and has 
a thickness of 20-30m. The surface layer flow eventually 
exits from the southern entrance in the form·of a turbulent 
buoyant jet. 

Noteable changes encountered in the property fields and 
increased mixing observed in the southern Bosphorus are 
related with certain morphological features of tne channel 
which effectively lead to hydraulic controls of the exchange 
flow. The contraction of the channel at the southern part of 
the Str.ait, the sills located to the l\IOUth of the constricted 
region and immediately outside the northern entrance as wall 
as the abrupt terminations of. the channel at the exit regions 
of the adjoining seas evidently cause significant,changes in 
the mixing and flow characteristics as the two distinct water 
masses traverse the Strait in opposite directions. 

The observations generally indicate the presence of three 
internal hydraulic controls of the flow at the abruptly 
widening southe.rn end of the Bosphorus, the constricted area 
and the crest of the northern sill. The internal hydraulic 
adjustment of the flow occuring within the constricted region 
near the Kandilli-Bebek section is observed in most of the 
surveys but no evidence for its existence could be observed in 
some cases corresponding to the periods of weak upper layer 
flows in the Strait. When the controlled flow condition 
exists at the constriction, the interface which is located at 
deeper levels to the north of the region is sharply elevated. 
In thi~ way, the flow adjusts itself to the critical hydraulic 
condition, and the upper layer flow becomes supercritical 
immediately to the south of the constriction. Thereafter, the 
interface depth ~eclines and the surface layer flow undergoes 
through an internal hyd~aulic jump so that it passes through 
another critical section at the southern exit region. The 
surface layer flow which becomes critical at the exit section 
enters into the adjoining Marmara region in a supercritical 
state. The supercritical flow is, eventually, matched to the 
subcritical flow of the Marmara Sea through an internal 
hydraulic jump taking place in the vicinity of the exit. The 
northern sill, on the other hand,. exercises internal 
hydraulic control orr the lower layer flow which almost 
permanently enters the Black Sea by flowing over the sill in 
the form of a thin plume. The blockage of the underflow can 
only take place temporally under extreme conditions of 
abnormally high Black Sea inflow into the Bosphorus. Under 
normal conditions, the effluent passing over the sill has a 
thickness of about 10m," and proceeds in the north-northwest 
direction towards the western Black Sea shelf in the form of 
gravity flow along the bottom slope. 

As a result of these hydraulic controls, the two-layer water 
exchange between the Marmara and Black Seas will be determined 
by the conditions within the Bqsphorus Strait, and not 
dictated by the conditions at the adjacent basins. In other 
words, depending on the average densities of the layers, the 
geometry and the magnitude of net southerly flowing barotropic 
flow, the critical controls will determine approximately the 
shape of interface established in the Bosphorus and the 
magnitudes of flows in the layers entering into the Strait 
from the upstream basins. 
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Evidence of isopycnal m1xmg across a thermohaline front 

in the Strait of Otranto 

A. LASCARATOS', A. THEOCHARIS'' and D. GEORGOPOULOS'' 

• University of Athens, Department of Applied Physics, 33 lppocratous Street. 10680 Athens (Greece) 
•• National Centre for Marine Research, Aghios Kosmas. 16604 Hellinikon (Greece) 

The region ot Otranto strait was visited during POEM-02-86 cruie.s 
by R/V AEGAIO. Three CTD caste. over the eastern part ot the ei ll. were 
taken on April 23rd (tig.1). The existence ot a thermohaline front. at 
the point where Ionian and Adriatic waters meet. ie revealed by the 
distribution ot hydrological characteristics (tig.2). The spatial 
scale ot the front was found to be ot the order ot 30-40 nautical 
mi lee. Temperature and salinity inversions are observed throughout the 
water column (Georgopoulos et al. 1986). Those vertical structures are 
more important at the northernmost station and become weaker ae one 
movee to the eout.h ot the e i 11 . Near the bot tom ot the e i 11 • de nee 
water (oe • 29.17) was found to outflow towards the Ionian sea. 

Fig .1. Bathymetric chart ot Otranto 
strait (depth in meters). Location 
ot hydrographic etatione. 

Fig.2. Vertical profiles of T. 
s. ee at station 12!5. 

The objective ot this paper ie to study mixing mechanisms 
occuring in the front. Fineetructure theory techniques are used. 

Data were filtered by a cosine-type filter. Subtraction of 
smoothed prot i lee from original ones provides zero-mean temperature and 
salinity fluctuations T' and S' (fig. 3). Spectral analysis of those 
fluctuations revealed important oscillations at wavelengths· ot 78m, 
4!5m and 25m, throughout the water column. From ratios ot vertical to 
horizontal dimensions of such structural elements (known to be between 
10E-2 and 10E-3l it follows that the horizontal ecale of the teaturee 
observed are typical of mesoscale variability. 

To separate vertical and horizontal mixing mechanisms, values 
ot smoothed T-S diagram elope (dT/dS). ratios of expansion coef
ficients 8/a and ratios ot temperature and salinity anomalies 
T' /S' were. computed along the vertical. Reeulte tor the northern
meet station over the sill are ehown in Table 1. 

Table 1 

Preeeure range 8/a T' /S' dT/dS 
db are 'C/ppt 'C/ppt 'C/ppt 

2!50-34!5 3.66 3.48 2.78 
346-437 3.66 3.22 4.04 
438-!514 3.64 3.42 3.14 
!515-561 3.64 3.42 4.71 
562-585 3.64 3.61 2.25 
586-624 3.64 3.54 4.11 
625-704 3.63 3.38 3.17 
705-800 3.63 3.47 4.08 

From table 1 it is evident that T' /5' ratio values are closer to 
8/a than to dT/dS (fig. 4) and hence that ieopycnal mixing 
dominates in the 250-800 dbar. range. Verti.cal mixing could also play 
a role in the ranges 438-514 and 625-704 dbare. 

In c:lepth etuc:ly ill neec1ec1 to elucic:late any eventual relation ot the 
mixing processes c:leecribed above to the formation of the dense water 
observed near the bottom of the sill. 

T 

Fig. 3.Temperature anomaly (T'0C, 
E-2) ve c:lepth (dbare) for station 
125. 

Fig.4. T' .s· pairs. the line of 
beet tit, the mean gradients d'f/c:IS 
and the ieopycnal linee b/a tor 
the 250-345dbare layer. 
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The outflow conditions of the Mediterranean effluent 
at the Black Sea exit of the Bosphorus Strait 

M.A. LATIF, E. OZSOY, T. OGUZ and U. UNLUATA 

Middle East Technical University, Institute of Marine Sciences. P.K. 28, Erdemli-lcel (Turkey) 

The outflow of the Bosphorus underflow into the Black Sea has 

been a puzzling ·3ubject since it was first investigated in 

1940's. Many of the earliest studies have been based on the 

assumption that the underflow could be blocked at the northern 

end of the Bosphorus in the form of a salt wedge. While the 

earliest version of this hypothesis, i.e. the lower layer 

current being blocked for extended pec.:>ids {a few months) have 

become obscure at pre·3ent, it has often been argued that the 

excessive cases of Black Sea outflows through the Bosphorus 

upper layer or strong northerly winds could cause temporary 

blocking at the northern end of the Strait. The earlier 

information on the bottom topography of the region has 

misplaced the sill depth of 45-50 m. Because of this 

misconception on the sill depth, observations showing 

interface depths of larger than 50 m within the northern 

Bosphorus were interpreted as corresponding to blocking 

conditions. 

The exit conditions of the lower layer flow of the 

Mediterranean origin into the Black Sea has been investigated 

during recent surveys. The topography is found to be unique 

in many respects and play important roles on controlling and 

steering the bot tom currents. A narrow bot t·~m groove Cthe 

Bosphorus Canyon) extends from the northern exit towards· 

offshore and directs the outflow across the continental shelf. 

About 3 km from the exit, a sill of 60 m depth exists within 

the Bosphorus Canyon. The Canyon is initially in the 

northeast direction and after passing the sill it gradually 

turns north and finally to the northwest. The presence of the 

Mediterranean waters to the northwest of the exit, as observed 

in the earlier studies, is therefore explained by the steering 

of topography and had earlier remaine•1 puzzling because of the 

expectations of easterly bending on the basis of Coriolis 

ef feet. 

At the sill, the flow is hydraulically controlled and after 

overflowing the sill it reaches the continental shelf region 

in the form of a gravity current. However, the presence of 

another control section at the constriction of the Bosphorus 

within its southern half imposes modifications on the nature 

of single control at the siil. A maximal exchange 

occurs between the Marmara and Black Seas and is often 

controlled by the combination of the C·:>nstriction and sill 

controls. The presence of a constriction control on the high 

density basin side of the sill reduces the influence of the 

si~l on the exchange and the control by the constriction 

dominates. Becuse of the widths at the sill and the 

constriction are different Cthe sill is narrower) the blocking 

of the lower layer can occur at smaller values of net 

barotropic currents compared to the single sill case. 

In the reported set of observations. these controls are 

evident and the Bosphorus underflow is observed to reach the 

Black Sea in almost all of the cases. However, during periods 

of strong northerly winds and peak Black Sea outflows blocking 

of the lower layer was observed for short periods <1-2 days). 

In such cases. the ordinary controlled flow conditions resume 

shortly after th~ transient forcing ceases. The interface 

depth varies nonlinearly between the two controls and is often 

close to the bottom in this region. 
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Deep water renewals and oxygen deficiency 

in the Sea of Marmara 

U. UNLUATA and E. OZSOY 

Middle East Technical University, Institute of Marine Sciences, 
P.K. 28, Erdemli-lcel (Turkey) 

The Marmara Sea is located between the Black Sea and the 
Aegean Sea, connected to those adjacent basins via the narrow, 
shallow and long straits of Bosphorus and Dardanelles. The 
results and analyses of recent repeated surveys are reported 
in the following. 

A distinguishing feature of the Sea of Marmara is the 
permanent oxygen deficiency below the halocline: The 
deficiency of oxygen is due to natural causes and dates back 
at least to the most recent geological evolution of the basin 
<3000 years b.p. ). In the Black Sea, oxygen ceases to exist 
below a mean depth of 200m, while in the Aegean Sea the whole 
water column is effectively ventilated. The Marmara Sea is 
stratified in two layers with a sharp pynocline located at a 
depth of 25m. The density changes are mainly acc.ounted by the 
differences of salinity between the layers, with fresh 
<brackish) waters of Black Sea origin overtopping the high 
salinity Mediterranean waters below the halocline. 

The Black Sea surface waters entering the system through the 
Bosphorus Strait and the Aegean waters entering through the 
lower layer of the Dardanelles Strait are both in saturated in 
oxygen. In spite of this supply of oxygen, the subhaloclinic 
waters in the basin are deficient <20-30% of saturation). The 
sharp pycnocline <Ap/p~O.Ol> prevents ventilation of the deep 
waters by mixing from the surface and the organic 
decomposition processes in the deep layer partially utilize 
the oxygen supplied by the Dardanelles underflow to the deep 
waters. The renewals of deep Marmara basin waters by the 
dense, saline and oxic Dardanelles inflow prevents the basin 
from becoming anoxic, although this input is insufficient to 
completely meet the oxygen demand. Therefore, the competing 
effects of oxygen utilization by the sinking flux of organic 
matter and supply by the Dardanelles underflow are in a state 
of equilibrium. 

The relatively deep Marmara trough <~1300m at the deepest 
points of its three sub-basins) acts as a settling basin for 
POC, which is predominantly generated by its own primary 
productivity, with POC in-out fluxes playing secondary roles. 

The annual mean primary productivity is estimated to be 60 
gC/m2 , and supported by estimates obtained from the carbon 
content of the bottom sediments. 

The sinking flux of POC is estimated from New Production, and 
is found to be equally contributed by upward mixing of 
neutrients in the Bosphorus exit region adjoining the Marmara 
Sea <a permanent biochemical cycle related to hydraulic 
jump/jet induced mixing in this zone> and the supply of 
neutrients from the Black Sea. The sinking POC is entrapped 
in the basin and utilizes oxygen with an estimated rate of 
0.50-0.75 mg/1/yr. 

The deep water renewals which make up for the oxygen losses 
occur in the spring months when the Aegean water density is a 
maximum. The dense water sinks to the bottom of the western 
sub-basin and relatively en,iches the deep oygen 
concentrations <1.7 ml/1) as well as increasing the bottom 
water density. This patch of water then partially penetrates 
into the central and eastern sub-basins over the sills <~700m) 
separating the basins, but by the time it reaches the eastern 
basin oxygen decreases to values less than 1.0 ml/1. The 
sinking water is also identified by small but significant 
salinity and temperature anomalies and fine structure 
sugerimposed on an otherwise constant temperature (14.5 cc) 
and salinity <38.5 ppt> distribution in the subhalocline 
waters. 

The water entering with the Dardanelles underflow is modified 
in the Strait by mixing and further evolves during a sinking 
plume stage. The interior density distribution is continually 
modified by the horizontal intrusions after the sinking plume 
stage, and in the seasons other than spring, intermediate 
level (100-300m) intrusions can also be observed. Since the 
sinking process dependes on the Aegean seasonal conditions, 
the mixing in the Dardanelles and the plume stage and the 
evolution of the interior density, it appears to be highly 
intermittent although the traces of renewal are always 
observed since the residence time of the subhalocline waters 
are sufficiently long <6-7 years). In general, the sinking 
water is denser due to its higher Mediterranean salinity, but 
occasions where the excess density is caused by low 
temperatures of the inflowing water have also been observed. 
Immediately below the halocline <50-70m), a permanent warm 
layer < 15 ·=·C) exists, which also has lower oxygen and 
relatively longer estimated transit times than the deeper 
waters. 
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POEM-V-87 General circulation survey : 

Maps of the Eastern Mediterranean Basin variability 

POEM Group 

444 CTD and 124 XBT were collected during the period August
September 1987 in the whole Eastern Mediterranean basin. 
Preliminary analysis of the isoltherm depths (14°, 15°C) and 
dynamic height topography (referred to 800 rn) reveals a new 
picture of the basin circulation: large anticyclonic centers 
(south of Cyprus and Crete. in the middle of the Ionian basin) 
and a ffi~S.-rui§.:r.in.g cyclonic Rhode Gyre. The general circulation 
flow is there difficult to be seen as a basin-wide current: the 
picture hints at an intense mesoscale/gyre circulation pattern 
dominating the instantaneous circulation flow. Both LIW and AW 
are found interspaced or trapped in this mesoscale/gyre system. 

D~n Ht (250/800l 

D~n Ht ( 400/t>OO l 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

I 



I 

O-II2 

Observations on the Atlantic water present in the Ionian Sea 
during POEM-V-87 cruise 

(August 31 - September 19, 1987) 

A. ARTEGIANI*, R. AZZOLINI .. M. MORBI DONI .. and E. PASCHINI* 

• lstituto di Ricerche sulla Pesca Marittima, C.N.R., Ancona (ltalia) 
•• Cooperativa "Mare Ricerca", Ancona (ltalia) 

From August 31 to September 19 1987, as taking part of the international 
oceanographic cruise, we made 81 hydrological stations covering the Ionian sea area 
and the strait of Otranto, from 35.5 to 40.5 of latitude North and from 16 to 19.5 
of longitude East. (Fig. l). The T-S diagrams and the temperature and salinity 
fields show that the area is interested by three di st i net mass of waters ( exc 1 uded 
the surface 1 ayer of approximately 20 meters depth): 
a) The Atlantic Water (AWl that interest the first 100 m, its thermoha 1 i ne 
characteristics vary strongly from one side to the other of the area investigated. 
The salinity mi numum ranges from 37.3 PSU at the South of the Ionian Sea, to 38.4 
PSU in the northern part. 
b) The Levantine Intermediate Water (LIW) with temperature of approximately 14°C and 
a sa 1 i nity greater than 38.80 PSU (the maximum that we found was 39.08 PSU in 
station 79), the depth of the core varies from 200 to 500 m. · 

~· ~1 65 

~· 17 l' 

l3 79 

Fig. I - Map of the stations. 

c) The Deep Water ( DW) with a 
temperature less than 13.8 °C(we 
found the minimum of 12.84 oc at the 
bottom of the station 12) and a 
salinity less than 38.75 PSU. 
The AW enter in the Mediterranean 
Sea from the Strait of Gi bra 1 tar and 
spread eastward with a certain 
number of branches that 1 eave the 
main flow (Lacombe 1970). 
One of these branches i nterst the 
Ionian Sea. The distribution of 
salinity minima (fig. 2) show that 
the core of the AW is in the centre 
of the area and is surrounded by 
nuc 1 ei of sa 1 tier and warmer water. 
The AW it keeps at the 1 eft of the 
19 tn meridian. 
In fact approximately along this 
meridian is present a. very definit 
thermic front, from the surface to 
about 50 meters, at the depth of 30 
m the front is sharper than at the 
surface. 

At the station 73, in the South-West part of the area, the AW dominate from the 
surface to further 100 m. with the minimum of 37.29 PSU at 34 m. 
In the northern part of the ar~a. near the Strait of Otranto, the minimum of 
salinity is deeper (in station 2Q. is of 37.89 PSU at 38 m depth and in station 27 
is of 38.29 PSU at 45 m depth). The layer of the AW is compressed between a mass of 
surface water, saltier than 38.60 PSU, and the LIW that in this part of the area we 
found from 500 m unt i1 100 meters. 
The p 1 animetri es and sections of temperature and sa 1 i nity show filaments, 
termoha 1 i ne fronts and many detached parcels of AW. 

Fig. 2 - Distribution of the salinity minima. 
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Horizontal oceanic circulation 
generated by deep water formation 

G. MADEC*, M. CHARTIER** and M. CREPON* 

• L.O.D.Y.C., Universite de Paris, 4 place Jussieu, 75005 Paris (France) 
·• C.E.A., IPSN/DPS/SEAPS, CEN·FAR, B.P. 6, 92265 Fontenay-aux-Roses. (France) 

In this paper. we study the horizontal circulation generated by vertical 
conve.ctlon and subsequent deep water formation. This work was Initiated In order to 
explain the cyclonic circulation which Is observed In the northern part of the Western 
Mediterranean basin (I. e. the Ligurian-Provencal sea> . Attention Is focused on 
mesoscale motion generated by buoyancy forcing and the role played by non llnearltles 
and Instability phenomena on their long term evolution. In order to Investigate the 
Importance of the above processes. we use a 3 D primitive equation numerical model. 
where temperature and salinity are Included. 

First. we deal with an •academic scheme•. The Ligurian sea Is schematlzed 
by a rectangular domain of 500 * 250 km whose center Is located at 42oN. We start 
from rest. The density Is homogeneous horizontally and the vertical gradients of 
temperature and of salinity are those encountered In winter. The grid mesh In the 
horizontal Is 5 km which Is smaller than the radius of deformation of the first barocllnlc 
mode <a 8 km>. Variation In the vertical Is modelled by 12 levels whose separation Is 
variable (from 10 m near the surface to 1700 near the bottom>. In the vertical • we 
choose the parametrization of diffusion as a function of the Richardson number 
<PHILANDER and PACANOVSKI 1981>. 

The forcing occurs over an oval area of 200*100 km . It corresponds to a 
total heat flux <sensible plus latent> of 220 wm-2. The evaporation Is 6. 3 mm per day 
and triggers the latent and the salt fluxes. This forcing Is constant during the first three 
months of the year and equal to zero thereafter. As long as the thermohaline forcing Is 
active. the temperature decreases and the salinity Increases. Hence. a homogeneous 
column of water Is formed In the forcing area. The horizontal density gradient which Is 
generated drives a horizontal barocllnlc current In geostrophlc balance. A gyre Is 
formed and Its pattern Is linked to that of the forcing. The current flows In the cyclonic 
sense In the surface layer. and It Is anticyclonic In the deep layer. Its maximum speed 
occurs near the surface where It Is about 0. 1 ms-1. The flux of the cyclonic current Is 
about one Sverdrup. a value which Is close to valus computed from observations 
CGASCARD - 1978. CREPON et al 1981). 

After two months. oscillations begin to develop along the front that defines 
the homogeneous column. Horizontal sections taken at different levels show waves 
whose wave length J\ Is about 40 km . They propagate In the cyclonic direction with a 
speedofabout1.8cms-1 which corresponds to 1/5 of the mean velocity of the 
current. A phase lag In the vertical of J\/4 Is found between the surface and the 
bottom. This phase lag Is typical for barocllnlc Instabilities which has been found In 
analytical models <TANG - 1975, GASCARD -1978. CREPON et al -1981) and which 
has been observed In situ measurements by J. c. GASCARD C 1978) . 

When the forcing stops. the oscillations decrease; they vanish after two 
months. At the end of the year a small dome Is still observed. The lsopycnal elevation 
Is about 100 m and preconditions the stratification for the following year. 

In order to enhance the similarity between the model results and the 
observations. we have done a numerical experiment with a realistic coast. One 
observes good agreement between the patterns observed In NOAA Infra-red satellite 
Images and the surface thermal field produced by the model. 

In those experiments we nave neglected the sunace circulation that flows 
through the Corsica channel towards the Gulf of Lion. This circulation will be taken Into 
account In the model of the general circulation of the Western Mediterranean Basin that 
we are In the process of developing. 
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An isopycnic study of the circulation 
in the different layers of the Eastern Mediterranean 

Amin M. KARAM and Mohammed A. SAID 

Institute of Oceanography and Fisheries, Kaye! Bey, Alexandria (Egypt) 

The large-scale circulation in three different strata of the Eastern 
Mediterranean Sea were studied using isopycnal analysis technique. -The materials used 
are relatively homogeneous and new hydrographic data collected in the winter of 1977. 
According to a vertical salinity section representing the whole basin, three isopycnal 
surfaces were selected to perform the analysis. These surfaces are the 00 = 29.03 sur
face in the intermediate Levan tine layer, the OJ: = 33.55 surface (potential density 
referred to 1000 db) in the mid-depth layer and the az = 37.84 surface (potential: den
sity referred to 2000 db) in the deep layer. Salinity, potential temperature and depth 
were looked at along these surfaces which produced new features of the circulation, 
particularly in the deep water. 

The circulation oi the intermediate water was characterized by a 
cyclonic movement in the Central Levantine basin and by an anticyclonic gyre in the 
Ionian basin East of Sicily (Fig. 1). In addition, there is a little indication of a 
westward moveinent of the saline Levantine water from the Levantine basin to the Ionian 
basin which might be considered consistent with the old picture of WUST (1960). The 
other features of the map are greatly in accordance with those found in OVTCHINNIKOV 
work (1966). 

The gross feature for the mid-depth circulation (Fig. 2) is the 
existance of an anticyclonic eddy in the Levantine basin and an outflow from the 
~stern Aegean Sea straits was indicated at depths of about 500 m near the straits. 
In the Ionian basin however there is a flow of relatively low-salinity water from a 
region Southeast of Sicily to the middle of the basin. 

The circulation pattern in the deep layer (Fig. 3) indicated a 
spreading of low-salinity water from West of Cyprus to the Eastern border of the 
Ionian Sea. A limited flow of low-salinity water heading to the West was found in the 
middle of the Ionian basin. Such features differed entirely from those produced by 
WUST ( 1960) for the deep water. 

15° 

Salinity (!f>o) on the~ • 29.03 surfnce in winter of 19?7. 

Fig. 2 • Salinit;r (~) on the "f • 33.55 surface in winter or 1977. 
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Fig.' 3 • Salinity (;bo) on the 01 .. 37.84 surface in winter of 1977. 
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Atmospheric pressure forcing 
and low frequency sea level variability 

in the Northeastern Mediterranean 
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ABSTRACT Time-series of one year of sea level data from 

eleven stations in the Northeastern Mediterranean (Adriatic, 

Ionian and Aegean Seas) have been analysed in terms of local 

atmospheric pressure forcing. The attention is focused on 

low-frequency oscillations having time scales from one day to 

several weeks but shorter than the seasonal scale. Summer and 

winter season have been analysed separately. An EOF analysis 

of both sea level and atmospheric pressure resulted in the 

separation of lower frequency oscillations of planetary wave 

time scale expressed by the first mode from the higher 

frequency synoptic time scale variability included in the 

second mode. The first mode is related to the in-phase sea 

level or atmospheric pressure variations in the entire area, 

while the second mode represents variations for which the 

Adriatic Sea is out-of-phase with respect to both Ionian and 

Aegean Seas. Only those first two modes represent a regionally 

coherent signal subtracting more than 90% of the total variance 

from both sea level and atmospheric pressure. Sea level EOF's 

are closely related to respective atmospheric pressure modes in 

both space and time. Departures from isostatic response, 

evidenced in the low frequency range of atmospheric planetary 

waves, are not due to geostrophic control in straits. It has 

been shown that the second mode time depe~dence is related to 

the surface pressure changes induced by the cyclon~c activity 

in the study area. The location of the zero-crossing of the 

atmospheric pressure second mode over the area of Otranto 

Strait is being explained in terms of prevalent cyclone paths 

over the area of the Northeastern Mediterranean. 
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O-II6 
Long term variations of monthly mean sea level 

and Its relation to atmospheric pressure 
in the Mediterranean Sea 

A.A.H. EL-GINDY and F.M. EID 

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

The records of the monthly mean sea level at 19 stations 

and the monthly mean atmospheric pressure at 15 stations in 

the Mediterranean Sea are analysed to find out the trend of 

the sea level and to identify the significant oscillations 

from the power spectral estimates. 

15 20 25 JO 35 

Figure 1. Positions of stations of sea level and atmospheric pressure 
in the Mediterranean (see Table 1, 2). 

The results show that from the present data at Marseille, 

Triesta and Genova, it is expected, the sea level tends to in-

crease by 13 cm/100 years, which will affect the water budget 

of the area. 

The power spectral analysis of the pressure could explain 

most of the oscillations in the sea level time series at 12, 

6 and months periods, except in the Adriatic and Aegean Sea 

where the steric effect has an important contribution. 

Table 1. Mediterranean stations where 
monthly mean sea level was 
taken, and Spectra characte
ristics. 

Table 2. Mediterranean station where 
--- monthly mean pressure was 

taken and some spectral 
characteristics. _, 
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O-II7 
Seasonal variations of oceanographic properties 

In the Middle Adriatic 

Mira ZORE-ARMANDA 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

Data from six stations of the Split-Gargano profile (Fig .1) were 

processed for the period 1971-1983 and partly for the earlier period, 

as well. 

currents were measured at Stoncica station (9) every month in 

the period 1967-1974 and seasonally in other years, always in 24-hour 

series from the anchored ship. Monthly mean values of the NW and NE 

components, i.e. directions along-shore and onshore to the eastern coast 

were calculated. In the first half of the year the NW direction is 

dominant in all layers and in the s'econd part of the year the NE 

direction. This pattern may be due to the corresponding pattern in the 

geostrophic current field (Fig.l). In winter the incomming current over 

the Palagruza Sill, i.e. in the profile area, is pushed towards the 

western coast. On the contrary, in summer it is pushed towards the 

eastern coast. 

Such changes in the current pattern in the course of the year 

could also be connected to the seasonal distribution of salinity on the 

profile Split-Palagruza. In March (Table 1) the highest value of the 

average salinity is at Palagruza (station 12) i.e. closer to the westa:n 

coast. In spring (June) maxim.um average salinity appears at station 11 

i.e. in the central part of the profile. High value appears also at 

Stoncica station, but only in the bottom layer. At the same station, 

i.e. closer to the eastern coast, the highest values of the average 

salinity appear _in September in the whole layer from 10-100 m, and in 

December the highest values appear at surface, as well. Observing from 

the eastern coast, the highest salinities at the profile are most 

distant in winter and therefrom they approach the eastern coast, first 

in the bottom layer (spring) and finally (autumn) in the whole layer. 

A comparison between average monthly surface salinity and current 

component normal to the coast at Stoncica station (Fig. 2) shows well 

the dependence of annual salinity variations on the current regime. 

Table 1. Longterrn average salinities (1971-1983) at the profile 
--- Split-Gargano. --,-
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38.51 )8,57 38.60 38.56 I ]8,64 J8,64 38.64 38.53 
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J6.so Jli,27 JB.32 JB,J4 J8,26 37.85. 35,09 17.96 J8.37 38.38 38.32 }8.18 
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]6,66 38.62 36.65 )6.55; 38.67 )8,60 36.62 38.56 

Temperature regime on the profile also depends on the current 

system, even though less clear. Maximum average temperatures are closer 

to the western coast in the upper layers and closer to the eastern coast 

in the lower layers. This is due to the advection of warmer water from 

the south, which is more efficient at the eastern coast of the profile 

in summer during the vertical stratification. In winter during the 

vertical homogeneity, it is more efficient on the western coast of the 

profile. 

Fig. l.Profile Split-Gargano and 
geopotential topographies 
for the region (after 
Zore, 1956). 
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Fig. 2. Annual variation of average 
monthly values of NE current 
component in the surface layer 
and the same for monthly 
salinities for station 9 
(Stoni!Sica) . 
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O-Ils 
Wave evaluation in the Mediterranean Sea 

Luigi CAVALERI, Luciana BERTOTTI and Piero UONELLO 

lstituto per lo Studio della Dinamica delle Grandi Masse, CNR, 
1364 San Polo, 30125 Venezia (ltalia) 

On a previous occasion w~ had reported about a project for the deve
lopment of an advanced wave model. Wave models were born in _the fifties, but up to re
cent times there was always some drastic short-cut in their theoretical approach. Only 
recently some drastic theoretical and experimental improvements, associated with basic 
experimental results and with ·the rapidity improving computer power, have allowed a 
complete physical formulation of the processes involved and their implementation in a 
mathematical model. The effort was anyhow too large for any single group, and the WAM 
Group was formed, involving all the major experts in the field. 

The results are rapidly accumulating. A global model, with three de
grees resolution, is run daily at the European Centre for Medium Range Weather Fore
casts in Reading, U.K. Hindcast studies have been performed. We have mainly concentra
ted our attention on the Mediterranean Sea, where the phenomenology is more complica
ted than in the Open Ocean. 

We have hlndcasted several storms in the Mediterranean Sea, and we 
have found that the wind fields, strongly influenced by the bordering orography, lead 
to very complicated wave patterns. Also, the Mediterranean is not the nice calm basin 
that people from other areas like to think. The figure shows the wave conditions 
(isolines in meters) present during a remarkable storm which happened in January 1987. 

In an attempt to estimate the reliability of the results, we have 
hindcasted this storm with different wind fields, from different sources and with dif
ferent resolutions. The results are quite instructive, clearly showing \:low strong at
tention must be paid to the wind accuracy. We have found differences up to 30 % in 
modulus with strong bias in direction. The evidence is that, in a complicated basi" 
as the Mediterranean Sea, local high resolution models are required for its evalua
tion. If not, not only the single event, but even statistics are likely to be substan
tially wrong. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

0-IIIl 
Hydrographic structure of the Mediterranean shelf waters 

off the Egyptian Coast during 1983-1986 

A.R. ABDEL-MOATt• and M.A. SAID .. 

• Oceanography Department, Faculty of Science, Alexandria University, Alexandria (Egypt) 
•• Institute of Oceanography and Fisheries, Kaye! Bey, Alexandria (Egypt) 

Throughout the period from August 1983 to July 1986, eight cruises were 
carried out using the Egyptian R/V ~Jill to the Southeastern Mediterranean wa
ters off the Egyptian Coast between long. 29°45 E and 33°45 E. Discrete samples from 
surface to bottom (up to 200 m) were collected from 180 stations, representing the 
coastal, middle and offshore waters, arranged along eight sections more or less per
pendicular to the coast (Fijl.l). The present paper deals with the hydrographic situa
tion of the area based on data of corrected temperature, salinity and dissolved oxygen 
collected from the area during this period. The area of investigation receives about 
17x1o9 m3y-1 of fresh, brackish as well as industrial and sewage waters from various 
land based sources. , 

•MEDITERRANEAN 

S E A 

Figure 1. Area of investigation. 

. 
31 

The usual three water masses known in the Southeastern Mediterranean we
re identified. The characteristics and range of each layer varied from previous re
cords. The surface layer (salinity 38.70-39.00 %a) extends to 75 m depth. The subsur
face water layer of minimum salinity (38. 64-38.90 %o) and maximum oxygen (>5 .2 ml/1) 
which is of Atlantic ocean origin extends between 50-150 m. The intermediate layer of 
high salinity (38. 90-39.15 %o) corresponding to the Levan tine intermediate water mass 
extends below 150 m. These layers were normally characterised in summer and autumn 
season. During winter, T-S diagrams illustrated that the offshore area is a one water 
mass characterised by a narrow range of salinity (38. 70-39.00 %o) and temperature 
(16.5-18.0°C) due to winter convection and vertical mixing which may extend at least 
to 200 m depth. 

The present data indicated that, at Damietta station (DM) , in winter, a 
completely homogeneous layer occupies the 200 m and is characterised by a small range 
of temperature (Fig. 2). It has an isohaline water column of high salinity (>38.90 %0 ) 

than that of its surroundings and a great homogenity in its 6t values (> 28. 3). In 
spring distinct stratification occurs in the water column with the upper 25 m becoming 
less saline and warmer. In summer and autumn seasons, three layers were indentified ; 
the surface warm layer having salinity higher than April, the subsurface minimum sali
nity layer (50-100 m) and the intermediate maximum salinity layer (>150 m). These sea
sonal changes in the water column indicates a process of formation of intermediate wa
ter similar to that suggested by LACOMBE and TCHERNIA (1960) for the Rhodes-Cyprus re
gion and MORCOS (1972) for the Egyptian Mediterranean shelf area. Consequently, the 
area in front of Damietta may be one of the regions of formation of the intermediate 
water of maximum salinity. 
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Figure 2. Seasonal characteristics of the T-S diagrams 
at Damietta station during the study period. 
(W =winter, Sp = spring, Su = summer, 
Au = autumn) • 
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O-III2 
La dynamique des courants devant Monaco 

M. ASTRALDI•, M. SOISSON .. , G.P. GASPARINI• et J.L. RAPAIRE .. 

• CNR, Stazione Oceanografica, La Spezia (ltalia) 
•• Centre Scientifique de Monaco, 16 boulevard de Suisse, 

98030 Monaco Cedex (Principaute de Monaco) 

INTRODUCTION 

Les variations de direction et de vitesse du courant dans 
la baie de Monaco ont ete relevees des 1981 (BETHOUX N., et 
all. 1983). Nous decrivons ici les caracteristiques generales 
de la dynamique cotiere. De juillet 1981 a juin 1982, 
direction, vi tesse des courants et temperature sont relevees 
toutes les dix minutes a -20 et -75m sur un fond de 80m a 400m 
du rivage, comparees aux variations du niveau de la mer a 
Monaco, Nice, Toulon, Port Vendres et au vent observe a Cap 
Ferrat, cap Bear et Toulon. L'hydrologie est relevee tous les 
quinze jours aux profondeurs standard. 

CARACTERISTIQ~S GENERALES 

Temperature et salini te n' ont pas mis en evidence, les 
caracteristiques des eaux intermediaires. Une salini te supe
rieure a la moyenne observee en 1982 est attribuee a un deficit 
de pluie important. Les vents au Cap Bear sont supposes carac
teristiques des conditions prevalant au large de la Cote 
d'Azur. Ceux du Cap Ferrat montrant des intensites 10 fois 
moindres ne representent que des effets locaux ; les plus in
tenses sont de NW, les plus frequents de SE, directions toutes 
deux perpendiculaires au rivage. Les variations du niveau de la 
mer, corrigees de l'effet barometrique, montrent une oscilla
tion annuelle de 16 em d'amplitude. Le niveau baisse lors·que le 
vent souffle vers le S-E et inversement monte lorsqu'il souffle 
vers le N-E. Les courants se deplacent le long des isobathes 
vers le N-NE et le plus souvent vers le S-W. La composante per
pendiculaire a la cote est toujours dirigee vers celle-ci. Les 
vitesses sont faibles, la variabilite importante et regies a -
75m par la presence de la thermocline de mai a novembre. 

CARACTERISTIQUES SAISONNIERES 

Durant l'ete 1981 l'analyse spectrale montre que l'energie 
des courants est centree sur des periode·s de 2 a 6 jours. 
L'intensite du vent est tres faible a Cap Ferrat et a un com
portement impulsionnel a Cap Bear. Les principales oscillations 
du niveau de la mer sont reliees aux coups de vent. La correla
tion entre le courant de surface parallele a la cote et le vent 
qui lui est perpendiculaire est de signe positif faible mais 
significatif. Pour les courants de fond, le signe est-negatif. 
Le modele semblant le mieux adapte est celui d'un systeme a 
deux couches (CSANADY, 1982). 

Durant l'hiver 1981/1982, la correlation entre les compo
santes du courant parallele a la cote est 0,72. La coherence 
est significative a toutes les frequences inferieures il un 
cycle par jour ; la correlation entre composantes perpendicu
laires n'est pas significative. Les oscillations de l'intensite 
du vent et du niveau de la mer, ont les memes periodes. Vents 
et courants ont un maximum d' energie pour celles de 2 a 5 
jours. La dynamique cotiere est regie par un vent perpendi
culaire au rivage. A ces periodes, variations du niveau de la 
mer et vitesse du courant sont correles. 

Les conditions relevees au printemps 1982, different de 
celles des autres saisons et des autres annees par le fait que 
1' intensite du vent au Cap Bear est dix fois plus faible 
qu'habituellement. La dynamique semble regie par un vent 
perpendicu1aire a la cote observable que lorsque son intensite 
au Cap Bear depasse un seuil estime a une dyne/cm2. 

CONCLUSION 

Les fluctuations du courant les plus evicientes semblent 
liees a 1. intensi te du vent normale a la cote ; les faibles 
correlations sont !'indication d'autres mecanismes de for9age : 
le passage des depression les fl-uctuations thermohalines 
saisonnieres. 

Le printemps 1982 apparait comme exceptionnel. Le vent 
normal au rivage semble trop ,faible pour regir la dynamique 
cotiere. La salinite augmente d'une maniere importante, et est 
attribuee a un deficit de la quantite de pluie se repercutant 
sur la formation des eaux profandes. 

Ces observations sont la consequence d'un meme phenomene 
meteorologique interessant, la Cote d 'Azur, la Mediterranee 
nord occidentale et les Alpes par 1 'abri au vent qu • elles 
constituent pour les perturbations venant de l'Atlpntique. Il 
est souhaitable qu • une synthese de 1 'ensemble des I releves de 
meteorologie et d'oceanographie effectues durant les memes 
periodes soit elaboree. 

La Direction de la Meteorologie Rationale Fran9aise et le 
Service Hydrographique de la Marine ont communique les releves 
de leurs stations . Qu'ils scient ici remercies ainsi que nos 
collegues et 1' equipage du N .o. "Ramoge" pour le travail en 
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O-lll3 
Wind-drift current In· the Kastela Bay (Middle Adriatic) 

Mario BONE 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

KaSt.el a bay has been a kind of experimental basin for the 
Insl1t..ut.e ow1r.g to t.he pos1l1on of t..he Institute ln t.he bay. In 
orde-r to st.udy the waler exchange i:1etween +...he bay and surrounding 
sea the w1nd induced currents are or primary import..ance. The t.idal 
currents due t.o i t.s osci 1 at.ory charact.er and t.he slow gradient 
current. are less important.. During t.he S:Ummer when the syst.ems of 
drif't. currents are not developed. the case of' high water pollution 
occurs CMarasoviC et Vukadin. 1982). The main f'eature of' drif't 
current systems from observat..ion have been demonstrated by 
Zore-Armanda (1980). Assuming that the wind dr i f't cur rents in the 
bay can be described by Ekman equation. t.he numerical model based 
on Heaps (1974) method is developed. Following the discussion of' 
Ni houl et al. c 1979) the model is posed as 20+1 D model instead 
1D+2D proposed by Heaps. The vert.ically int.egrat.ed model is 
t.reat.ed separatly from model of vertically modes where the 
preassure gradient. force is introduced as f'orcing. For the wint..er 
winds BI.!Ta CNE·,...ind) and Jugo CSE "'ind) i.e. the most f'requent 
Wl,-,dS •OVer t.he bay t.he induced dr.if't CUrrentS are presented , The 
array of' integration is demonstrated in f'ig. 1. The surf'ace and 
bot.t.o,m. re:::.ult.a:r.ot cu:·r.enls during Bur a .are demcinst..raled in :fig. 2. 
andf'ig. 3. nies'\mef'or Jugoisgivenint.he f'ig.4. and f'ig.5. 
Consi.deri.ng the surface currents wee see the closed circulation 
cell:s .i.n t.he midle of' t.he bay like discussed by Zore-Armanda 
C1980). Circulat-ion in t.he eastern part. of' the basin could be 
dynamically separated as discussed by Marasovic et Vukadin (1982) 
f'rom biolc-gical and chemical observat..ions. 
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Fig. 2. Kastela bay, surface currents 
induced by bur a. 
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Fig. 4. Kastela bay, surface currents 
induced by j ugo. 
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Fig. 3. Kastela bay, bottoms currents 
induced by bur a. 

Fig. 5. Kastela bay, bottom cur;ents 
induced by jugo. 
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Air-sea interaction 

and the Alpine cyclogenesis 

M. COLACINO*, R. PURINI* and F. PARMIGGIANI** 

• IFA-CNR, Roma (ltalia) 
•• IMGA:CNR, Modena (ltalia) 

A meteo-oceanographic event of interest for the understanding of the 

role of the sea on the cyclogenesis lee of the Alps is present and 

discussed. In particular, from the data set collected. during the Medalpex, 

which is the marine counterpart of the Alpex, by the buoy ODAS-Italia 1 

moored at about 27 miles off the Ligurian coast, we estimate heat and 

moisture fluxes at the air-sea interface in the occasion of the passage of 

intense atmospheric perturbations. Such analysis is completed on the whole 

Ligurian basin by processing NOAA-7 AVHRR satellite images. The Split 

Window Algorithm (SWA) is used both for correction of Sea Surface Tempera-

ture (SST) and to obtain the Water Vapour Content (WVC) of the air column. 

SST and WVC deduced by the buoy are then compared with averaged values, in 

an area of 20 km x 20 km around the buoy, obtained from the AVHRR images. 

This comparison allows a fine tuning of the SWA for both SST and WVC. 

Finally, by the use of the vertical temperature profile obtained by XBT 

probe, it is possible to implement a simple mixed layer model able to 

simulate the evolution of SST. Such model is· then used to describe the 

noticeable decrease of the SST occurred during the period 22-24 May, 1982 

as it results from particularly intense air-sea exchanges. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

O-llis 
Water mass dynamics on the Western Black Sea Shelf 

Vasile DIACONU 

Romanian Marine Research Institute, Constantza (Romania) 

Owing to the concentration o:! the river runo:!f in the north
western part of the Black Baa, the cha.raotsristica a:! the water •ass 
oiro~ation on the western shelf are essential tor tba formation and 
evolmtion ot the space distri~n ot aa ~ico-ch811ical par~eters. 

Yor some areas where direct 111.eas1U'ement series were available, 
regime oi.rc~ations have been carried out to establish the pec~iari
ties a:! the meridian flu (4). In order to investigate the current 
field structure over tba continental ahelt,the ~io aethod (2) has 
been 11aed for shallow water stations (1, 3). 

In the present paper the same 1J¥1thod is used for a 10 station 
hydrological network carried out seasonally during 1981-1983 in the 
onter shelf area. Dna to the "levelling" of tba stations (6) relative 
to the 50 dbar slll'face, only the rea11lts eonoerning the dy:nSIIlies of 
the upper la;yer are presented. 

In all the analysed sitnations the circulation pattern C?haraote
ristios are different in the northern part as coapa.red to those from 
southern part where the variability is higher. Owing to this taet,the 
overall curent field has u intricate strllctiU'e,with oonve.t'genoe ud 
divergence areas. 

The computed speeds are low, reaching only 0.11 m/s. Por all the 
pairs of neighbouring stations a:! the network the me.ridiu component 
is directed to sou~h in 60)1 of the cases, while the zonal coaponent 
has a westward direction in 80J' of the cases. 

The station in the SOiltheaate.t'n corner a:! the netWQ.rk is the 
only deep water station ud the vertical distribution characteristics 
fo.t' the specific voltllle anomaly have been comp11ted (a oontinuo11.11 de
crease ot the average value from the slll'face to the 500 m depth and a 
sharp decrease of the standard deviation below 50 11 depth) b11t these 
cannot be 118ed in determining the deep water circulation. 

Bor this problem,the data ~eoted dlll'ing 19?8-1980 in a network 
including three stations located off the continental shelf carried 
out twice a year (5) have been 118ed.The vertical density distribution 
cheraotaristics in this three stations are si111lar to those of the 
previousl7 mentionned station, bllt the differences between them ren
dered difficult the choice of a reference surface by the usual 
c.t'iteria (2).To overcome this ditficulty,the }00 dbar surfaoe,located 
below tile lower boand.r;r of the oxygen and 11.11ed by other authors (?) 
has been chosen as the reference Sll.t'face for all aituations. 

In three oases (l!'eb.ruary 19?8, Feb.ruary 1980 and May 1980), the 
siU'face flow is oriented toward lfi!JB, the meridian ooaponent reaching 
0.15 m/s. In the fi.t"st sitll&tion.the ourent has practically the same 
speed and direction down to 50 m depth, then the speed gradllally 
decreases and the very weak zonal component changes sign at 100 • 
depth. In the other two oases, the current is constant only in the 0 
to 10 m lays:~:, but zonal component has in the last situation a value 
of 0.02 m/s down to 100 m depth. 

In the hydrological situation existing in AugllSt 19?8, the flow 
is directed toward S'W with a speed ot O.l? li/s at the slll'face. The 
meridian coaponent has practically the same value dom to ?5 m depth, 
while the zonal component slowly decreasea,revealing an anticlockwise 
rotation of the deep current. 

In l!'ebruary 19?9, the very weak geostrophio currents (0.04 m/a) 
are directed toward S8JI in the upper layer, having an irre811lar 
variation with depth.· 

A.s a conclusion, the dynSIIlic method yields satisfactory results 
even for the hydrological stations located on the continental shelf 
as regards the current field pattern, bllt it is less reliable for the 
speed computation. 

l!'o.t' the off shelf stations the results are significant it the 
.t'eferenoe surface is chosen below 150 m.. The obtained circulation 
pattern often differs greatly froa the general Black Sea circlllation 
scheme, bllt when the western branch a:! the cyclonic gyre is detected, 
the CIU'rents are very stable down to great depths. 
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O-III6 
Circulation and water masses : 

their implications on shore processes 
and pollutant transport In Abuqulr Bay (Egypt) 
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• Oceanography Department, Faculty of Science, Alexandria University, Alexandria (Egypt) 
•• Institute of Research and Coastal Protection Studies, Alexandria (Egypt) 

~ : Abuqi.tir Bay is a shallow area ( mean depth less than 10 

meters ) and affected ' by active coastal processes and significant 

sources of' pollution. In this paper the water masses in the bl»', the 

dissolved oxygen, total suspended matter and the circulation are 

discussed. In addition, the major characteristics of echosounder 

profiles in the area are presented, using a recent Summer ( September, 

1984 ) hydrographic survey, with about 40 stations. 

The Summer results for Oxygen, salinity and currents show a strong 

outflow from Maadia outlet, which connect the bay and Idku lake, with 

a longshore currept to the east extending up to mid - way between= 

Rnsetta he~and and Maadia. Consequently, it is expected that pes-

ti4Jides .. 'and other pollutants from the lake Idku will disperse in the 

bay in the current direction. The density current plays the main 

role in the circulation of the bay. The high concentration of suspen

ded matter may contribute to the residence of pollutants by adsorption 

on the particles surfaces. 

The currents are strong enough to initiate '~'.he sediment movement 

on the bottom and to intensify the erosional processes. This sediment 

in motion could also transport the adsorped pollutants to the offshore 

area. 
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O-III7 
On the dynamic features and the possible mechanisms 

of the vertical mixing in Abuquir Bay 
(Alexandria, Egypt) 

A.A.H. EL-GINDY 

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

The hydrographic and current data collected in the shallow coastal zone 

of Abuquir and Rosetta (Egypt) with 27 stations in Autumn and 49 stations in Summer, 

are used to study the dynamic conditions and their relation to the vertical mixing me

chanisms. The dynamics parameters estimation is based on semi-empirical equations and 

the values of vertical current gradient, stability and wind stress. 

The results indicate that the vertical stability decreases in the 

offshore-ward with N
2 

mean value between 0.8365 x 10-
3 

at 5 meters contour and 0.141 

x 10-
3 

at 15 meters contour in Autumn and 1.2138 x 10-3 and 0.304 x 10-
3 

at the above 

mentioned contours respectively in Summer. 

The effective vertical mixing coefficient was affected by the stability 

to have the mean values between 0.54 at 5 meters contour and 3. 73 at 15 meters contour. 

Richardson number and flux Richardson numbers indicated the dominance of 

turbulence in 50 % of the cases in Autumn and 10 % of cases in Summer. In the other 

cases both of turbulence and internal waves were important~ The internal waves were 

dominating only in one case in Autumn and 5 cases during Summer. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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Lagrangian and Eulerian observation of inertial oscillations 

in the shelf break offshore the Ebro River Delta 
(Catalan Sea, NW Mediterranean) 

J. FONT", J. SALAT• and D.P. WANG•• 

• lnstitut de Ciencies del Mar (CSIC), P. Nacional s/n, 08003 Barcelona (Espana) 
•• Marine Sciences Research Center. SUNY, Stony Brook, NY 11794-5000 (U.S.A.) 

The shelf/slope region in the Catalan Sea <Northwestern l!edi terranean) is 
characterized by a density front, mainly due to the salinity gradient between 
coastal and offshore waters. Along the front there is a permanent current that 
contours the continental shelf and can be considered the continuation of the Liguro
Proven<;al current downstream the gulf of Lions CFont et al., 1987). This current is 
weaker than in the Ligurian Sea (usually less than 20 cm/s) and gives an adequate 
framewo.rk for the study of cross-front dynamics and frontal instabilities. 

Near the Ebro river delta C41'li, 1'El intensive hydrographic and 
currentmeter surveys have shown that the circulation, although dominated by the 
alongshore large-scale dynamics, has a complex structure strongly influenced by the 
topography and the bueyancy input from the river <Font et al., 1988). In this area 
very energetic and rapidly evolving three-dimensional filaments have been observed 
in the frontal zone <Wang et al., 1988), during a study on shelf/slope water 
exchange carried out in 1986 and 1987. 

oso' 

o· zo' 40' 

Figure 1. Experimental area (mooring and drifters) in June 1987, and drifter 
trajectories superposed to the J~Ean surface location of the density front 

In June 1987 an experiment took place, in the frame of the same project, on 
board the Spanish R/V Garcia del Cid, envolving CTD casts, underway surface TS 
analysis, currentmeters and surface and sub-surface drift buoys tracked by radio 
(figure ll. Three Aanderaa currentmeters were deployed at 15, 50 and 100 meters 
depth (bottom at 165 m) in an oil drilling rig near the shelf break off the Ebro 
delta. Drift buoys were launched in the frontal zone <over a bottom of 1000 m) and 
in its continental side. The offshore drifters followed the southwards main current, 
in accordance to geostrophic calculations but with higher surface velocities <30 
cm/s), while the others were trapped for the four days <7 to 11 June) in an area of 
10 nautical miles around their starting point. One of them was picked up just in the 
same location where launched. 

Spectral analysis of the current:meter records indicated a dominating 
contribution of the inertial period <18.4 h in this latitude) in the upper layer. We 
observed that the successive positions calculated by triangulation for the onshore 
drifters, usually 6 h apart, showed mostly clockwise gyres. The corresponding 
straight-line trajectories between fixes had changes in direction coincident with a 
very small error <less than 5 •) with a pure inertial motion. Wh.en the drifters were 
passing near Casablanca station, there was a good agreement between their direction 
and speed and the velocity recorded at the same time by the surface current meter. 
Consequently we re-calculated all the drifter trajectories, assuming that contiguous 
fixes were connected through an inertial motion. We obtained an image of the 
circulation in the surface layer with inertial oscillations superposed to a very 
slow southwestward motion, inshore of the front, and to a considerable alongfront 
displacement, in the frontal zone <figure 1). An important horizontal shear has to 
develop between both regions, just where strong salinity inversions had been 
observed in 1986, associated to the evolving filament. 

cm/s 
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Figure 2. NS component of the velocity recorded at 100 m from 7 to 14 June 1987 

The study of the currentmeter data indicate that the inertial oscillations 
are present in the whole water column, with decreasing, but not vanishing, 
intensity. Even at the level of 100 m the inertial period is clearly an outstanding 
feature (figure 2), what could indicate that there is no strong vertical shear on 
the shelf. Strong NW wind blows occurred in the first hours of 8 June (7.5 m/s) and 
of 9 June <12. 5 m/s), with an effect of increasing the speed registered in the 
currentmeters <up to 41 cm/s at 15 ml and accelerating the drifters in their 
inertial motion <peaks of 70 cm/s in mean velocities between fixes). 

The geographic characteristics of the area, wide continental shelf <45 kml 
and the narrow Ebro valley, allow the occurrence of HW wind jets acting in adecuate 
dimensions to originate fully developed inertial oscillations in the shelf down to 
at least 100 m. 

Font, J., Sal at, J. and Tinton?, J. <1987) Permanent features of the circulation in the 
Catalan Sea. Oceanol. Acta <in press) 

Font,J., Salat,J. and Julia, A. <1988) !Iarine circulation along the Ebro continental 
margin. Submitted to Xar.Geol. 

Wang, D.P., Vieira,!!., Salat,J., Tinton~•.J. and La 'liolette,P.E. <1988) A shelf/slope 
filament off the Northeast Spanish coast. J. Xar. Res. (in press) 
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On the formation of dense water over the shelf areas 

of the Northern Aegean Sea 

D. GEORGOPOULOS, A. THEOCHARIS, G. ZODIATIS and S. CHRISTIAN! DIS 

National Center lor Marine Research, Aghios Kosmas, 16604 Hellinikon (Greece) 

During the period from 27' '· February to 3' ·• March 1987. CTD data 
have been collected from a grid of 32 stations in the Northern Aegean 
sea (fig. ll. using an SBE-9 profiler on board R/V AEGAIO. 

The observed low surf ace temperatures ( 10.83-13. 85· · CJ was the main 
result of the predominant weather conditions. which cannot be characte
rized as catastrophic. The mean air temperature ( 2. 2-4. l""C) . during the 
sampling period. was much more lower than the 30 years average mean of 
February and March (Maher as, 1983) . The prevailing winds over the eas
tern part of the study area were NE with speeds up to 17m/sec, while 
over the western part they had a significant eastern component and 
their speed reached 10m/sec. 

Fig.1. Bathymetric chart of theN. 
Aegean sea (depthe in meters) . Lo
cation of selected stations. 

The dense water detected over the 
Limnos and Samothraki plateaux have 
different hydrological characteri
stics (fig. 2). Thie is due mainly 
to the different water maeeee parti
cipating in the formation proceesee. 
The relatively colder and less sali
ne waters of the Black Sea, coming 
out from the Dardanelles and the 
warmer and more saline waters of 
Levantine origin form a. strong 
thermoha 1 i ne front to the east of 
Limnoe ieland. 

Over the eastern side of Limnos 
plateau the water column is chara
cterized by the most dense water 
( o. • 29.37. from 73 to 80 dbar!!l l . 
observed over the whole area of the 
N. Aegean. These density values are 
even !!lightly higher than those 
(o .. •29.35) of the watere found at 
the deepest part (1000dbars) of Ski

roe bassin. 

Over the Samothraki plateau the profile!! of temperature (fig. 3) 
and salinity show a rather disturbed water column. due to the complex 
mesoscale circulation and processes and the flow of dense waters formed 
over the eha !low parte of the shelf. Lacombe et a 1. ( 1958) noted that 
the deep water!! of the N. Aegean Trough. north of Limnos i!!land, are 
probably renewed by the dense waters formed in the Gulf of Saros under 
the influence of continental dry and cold winds during the winter. The 
maximum densities (o .. •29.27J observed-just above the bottom (50dbarsl. 
over the central Samothraki Pl!lteau. are equal to those of the waters 
found at 530dbars at the deep~st stat ion ( 1600ml of the N. ·Aegean. The 
minimum temperature value (10.99"CJ ,near the bottom, is comparable to 
that (10.13·•CJ reported by M.Fieux (1974) for the plateau of the Gulf 
of Lions in the Western Mediterranean. 

At the shallowest station of the westernmost part of Samothraki 
plateau the density reach the value of o .. -29.20 from 15 down to 100 
dhars. The same density has been observed at 260dbars at the southern 
deep etation of the respective basin (M. Athos) . 

Thus, over the weetern part of the Samothraki plateau. where the 
weather conditione were milder than those of the eastern part. the 
formed dense waters have the lowest density valuee (fig. 2). 
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Fig. 2. T/S diagram. 

1-. r 

Fig. 3. Temperature profiles along 
the C transect. 

The observed cold and dense watere which occupy the subsurface 
and/or the lower part of the water columne. have been formed evidently 
over the ehallow regions of the ehelf areae of theN. Aegean by verti
cal convection mixing during the winter. They tend to slide towards the 
respective baeine. following the bottom topography and then along the 
respective ieopycnals, contributing thus to the renewal of intermediate 
and deep waters. 
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Empirical orthogonal function (EOF) analysis 
of temperature-salinity field in a small semienclosed bay 

(Kastela Bay) 

V. KOVACEVIC and M. GACIC 

Institute of Oceanography and Fisheries, P.O.Box 114, 58001 Split (Yugoslavia) 

ABSTRACT An EDF apalys1s has been appl1ed to the temperature and 
salinity data sets collected on a bi-weekly bas1s from dense 
station network in the Ka~tela Bay (Adriatic Sea, Yugoslavia) 
during the period 1953/54. Vertical EOF's have been determined at 
two stations in the Bay inlet, one station in its centre and one 
station in the shallowest part next to the mouth of the River 
Jadro inflowing into the Bay. The EDF analysis of 
temperature-salinity fields in the horizontal plane has been done 
at the surface and depths of 10 and 20 meters. Time-.varying 
amplitudes of the most important horizontal and vertical modes of 
salinity have been correlated with the wind and water level data 
of the River Jadro integrated over consecutive time intervals 
prior to sampling dates (from one to eight days). Fresh water 
inflow contains strong seasonal signal which has been removed by 
subtracting daily values of the water level from the respective 
ten-year monthly means. Horizontal and vertical salinity modes 
have also been correlated between themselves. Horizontal 
temperature distribution is almost entirely represented by the 
first EDF which subtracts more than 987. of the total variance. 
Its time dependence shows that it is induced by the seasonal 
heating and cooling resulting in a simultaneous temperature 
increase or decrease over the entire Bay area. The percentage of 
the temperature variance explained by the first vertical EOF 
depends on the station depth; the deeper the station is the 
smaller is the percentage of the variance explained by the first 
mode. The first vertical mode as the first horizontal one 
represents seasonal temperature changes. Second vertical 
temperature EOF displays a zero-crossing at the thermocline depth 
and represents out-of-phase oscillations of the surface 
temperature with respect to that.of thelayer below thermocline. 
Horizontal salinity decomposition.in the surface layer results in 
the first mode explaining.about 827. of the total variance. It 

::~:~:e:!:ei::~~=~~ss:~!:~t~'l.c~~n~~= t~~:~ v!~~an~:t;~: i:a~~la!:: 
to those salinity changes which are out-of-phase in the shallow 
eastern part with respect to the Bay inlet and its centre. 
Similar distribution of the variance between different 
horizontal modes is evident at the depth of 20 meters while at 10 
m depth almost 957. of the variance is contained in the first EOF. 
Vertical decomposition of salinity shows different behaviour from 
the temperature; the first mode represents the smallest portion of 
the total variance at the shallowest station near the river mouth. 
This is the consequence of the strong two-layer estuarine type of 
circulation in this portion of the Bay. Going towards the Bay 
inlet the percentage of the variance explained by the first EOF 
increases. The second vertical salinity EOF has again one 
zero-crossing which is situated closer to the surface than the 
zero-crossing of the second temperature EOF. This is probably due 
to the halocline being shallower than the thermocline. The second 
vertical EOF's of both salinity and temperature have largest time 
variations during the halo-/thermocline generation and destruction 
processes. The local wind averaged over three to six days prior to 
sampling dates is highly correlated with salinity changes 
represented by the first mode in the surface and bottom layers. In 
intermediate layer correlation is lower showing that wind induces 
vertically two layer circulation pattern. This is also supported 
by a relatively high correlation between the wind data and second 
vertical salinity mode while the correlation with the first 
vertical mode is rather poor. The two-layer vertical circulation 
pattern in the Bay is also generated by the fresh water inflow. A 
high correlation is evidenced between the river water level and 
first horizontal EOF's at the surface and 20 m depth. Also there 
exists a statistically significant correlation between the river 
water level and the second vertical mode at all stations except at 
the station next to the river mouth. In that relatively shallow 
part of the Bay (depth ~ 10 m) the first vertical mode is closely 
related to the river water level showing that the fresh water 
influence at the surface, is rather quickly spread over the whole 
water column. The north wind component averaged over a week period 
seems to be responsible for the existence of the surface pattern 
of salinity changes which are out-of-phase in the shallow part of 
the Bay with respect to the Bay inlet and its centre. Therefore, 
it can be concluded that temperature changes in the Bay of ICa!!:tela 
are mostly induced by the seasonal heating. On the other hand, 
salinity variations are due to the two-layer water exchange 
induced by the local wind forcing and by the river water inflow. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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On the str.ucture of inertia-period oscillations 

in the Adriatic Sea 

M. ORLIC*, Z. PASARIC**, N. KUZMANOVIC**, J. BRANA** and M. KUZMIC"* 

• Geophysical Institute, Faculty of Science, University of Zagreb ~Yugoslavia) 
•• Rudjer Boskovic Institute, Rovinj, Zagreb (Yugoslavm) 

Oscillations of the inertia period have been detected in the Adriatic Sea 
during various summers. It has been found that these oscillat!ons are marifested ?Y 
considerable thermocline movements and current-vector rotations that change th~Ir 
phase across the thermocline. The oscillations have ~een modelled as transverse In

ternal seiches in a rotating rectangular channel (Or!Ic, 1987). 

Both empirical and theoretical approaches have had their shortcomings. 
The main drawback of various data sets collected in the Adriatic Sea has been the 
lack of synopticity, whereas the modelling of inert~a-period oscillations has been 
limited to two dimensions. Logical next step then IS to extend measurements to a 
network of synoptic stations, and to build a three-dimensional m_oc'eL Here,. an ex
periment, which has been inspired by the first of these goals, will be descnbed. 

The experiment has been carried out in the Northern Adri_atic during 
May-June and August-September 1987. In the first part of the expe~Iment curren~: 
and hydrographic data were measured at three statmns along a profile parallel WI• h 
the Yugoslav coast; in the second part same parameters were. measured at three 
sf:Btions aJong ~ profiJ~ r~rreflrticllfar to ·the C08St (Fig. ! ). S~multaneous metei"Jro
logical data were available from the nearby coastal stations. 

Preliminary analysis of the data shows that inertia-period oscillati.ons 
were well developed during May and June (variance of band-passed current time 
series amounted to 356.9 cm2 /s2 at station l 07 and depth 6 m), whereas they al
rrost disappeared during August and September 1987 (variance at the same station 
and depth went down to 27.9 cm2 /s' ). Compc.rison with the concurrent me.teoro
logical data shows that first two decades of September 1987 were ver~ qu~escent, 
without major perturbations in the wind field, and consequently. no oscJ!latmns co~ld 
be generated in the sea. Exceptionality of September 1987 mamfested Itself also In 

low-passed sea surface temperatures, which increased during the greater part of the 
month. 

The inertia-period oscillations were characterized by current variations 
being smaller along the coasts than farther offshore, and by temperatur~ variat~ons 
which diminished with the offshore distance. Variances of band-passed time senes 
clearly illustrate the point: 

CURRENTS 

STATION 007 (8 m): 170.9 cm2 /s2 

STATION 107 (6 m): 356.9 cm2 /t2 

STATION 209 (8 m): 329.3 cm2 /s2, 

TEMPERATURES 

STATION !07 A (7 m): 0.0365 (°C)2 

STATION 107 (6 m): 0.0053 (°C)2 

STATION 107 8 (4 m): 0.0018 (°C)2
• 

Along the vertical, temperature variations were greater at intermediate levels than 
close to the surface or bottom, pointing to the dominance of the first baroclinic 
mode. 
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Fig. L Positions of sampling stations. 

It can be seen that the structure of inertia-period oscillations in the 
Adriatic Sea is three-dimensional. Consequently, these oscillations, which have up 
to now been simulated as a two-dimensional phenomenon, should more realistical
ly be interpreted in terms of internal Poincare-type modes of the basin. An at
tempt should therefore be made to compute such moc'es for the Adriatic Sea, 
probably along the lines suggested by Schwab (!977). 
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Caracterlstlques statlstlques, a long terme, 

de Ia temperature a Ia surface de Ia mer 
dans Ia zone de falble profondeur de Constantza 

Adriana POPA 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie} 

En vue d' obtenir des informations ayant un caract ere plus general sur 

la temperature a la surface de la mer, dans la zone littorale roumaine de la mer Noire, 

nous avons entrepris 1' analyse statistique d 'une longue s€rie de valeurs quotidiennes 

(8583 de 1959 a 1987) de ce parametre, mesurees en tin point fixe situe dans la zone 

littorale de Constantza. 

La valeur maximale absolue relevee durant ces vingt-neuf ann,ees a ete de 

28,0°C, tandis que la plus inferieure etait de -l,0°C, liee a certaines situations hy

drologiques ou 1 'agitation de la mer, due au vent, a empeche 1 • apparition du gel a 
-0,8°C, valeur de la temperature de cristallisation de l'eau de la mer Noire. Les mo:... 

yennes mensuelles annuelles oscillaient entre -0,1 •c (fevrier 1972) ei: 24,6°C (aou!; 

1967) ; celles multiannuelles entre 2, 7•c (fevrier) et 21, 7•c (aout). Leur evolution 

revele un retard des processus de rechauffement et de refro-idissement de 1' eau de mer 

d' environ un mois par rapport a 1' evolution connue de la temperature de 1' air. Aussi 

a-t-on pr€fere, pour 1 'analyse statistique, non seulem.ent les selections mensuelles, 

mais egalement trimestrielles plutot que saisonnieres. De plus, ont ete analysees deux 

selections sepJ.estrielles : "la saison chaude" de mai a octobre, et "la saison froide" 

s' etendant de novembre a avril. Il faut souligner que, dans le cadre de ces types de 

groupements' 1. eparpillement des valeurs est moindre qu. en toute autre selection. 

Les parametres statistiques, calcules pour chaque selection, sont ceux 

usuels. Afin de definir les groupements, nous pr€sentons la moyenne, la dispersion, 

1' ecart standard, 1' intervalle et le coefficient de variation. Pour caracteriser lea 

distributions de frequences a 1 f iriterieur de chaque selection, sont reportea le mode, 

la frequence modale, la mediane, 1' exces, 1. asymetrie, 1' intervalle majoritaire 

(M :!: 6) et la frequence des valeurs comprises dans cet intervalle. De plus, pour cha

que select :ton, nous avons indique le nombre de cas pour lesquels 1' analyse statisti

que a ete effectuee. Lea resultats sont presentee dans les tableaux ci-apres. 

Tableau 1 • Parametres statistiques calcul~s pour les s~lections mensuelles de la 

temperature (°C) 

' 

9

1 Nom..-
bre 

I

IMois de 
! cas 

I I 659 
II 662 
lm no 
'IV 728 
!v 710 
jvi 729 
VII 752 

X 739 
XI 720 

I I I : I I I I ' ,O.,.''I,9i 3,03,2,25!0,74; 2,46 1.· 0,16

1 

3,9 18,3
1 

J,1. 0,8-5,31'66,9: 
-1,0-8,81 2,65!2,10 0,79, 2,43j 0,24 2,5!17,8i 2,61 0,4-4,8 68,6, 
-0,8-10,4J 3,96 2,39 o,6o, 2,46:-o,o4i 3,0 18,4, 4,1, 1,6-6,4:66,1j 

1 ,6-16,2• 8,~1 2,33 0,26, 3,11: 0,191 7,9 25,818,7 i 6,5-11,)-167,5! 
5,5-23,~14,35 J,18;0,22: 2,56i 0,00/13,~1~1,3114,4j11,2-1.7,5:63' ,7 •. 
8,4-26,2 18,37 >,57. 0,191 2,91 :-0,56119, I I "5,5;19,0: 14,8-21,9:67,2 
8,1-28, 20,60 3,66 0,17•1 3,48· -(),92 22,5 22,9121,3•16,9-24,3i7J,9 

~:II ~~~ 

~ 

10,2-26, 21 ,76! 2,29 i 0,11' 5,34 1-0,94 2,2,4. 32,8 20,:; 119,5-24,0170,8 
10,0-25, 19,14, 2,34 0,12j 4,05 -0,73 20,4 29,5119,5 16,8-21,5 78,9 

Jl:lhl]:EJ Ul[l:l!i Ul =~::l :!:I ll:! :!:! ·;:r:::;lt!U 
Tabl••au 2 •. Parametres <statistiques calcul~s pour les s~lections trimestrielles 

et s·emestrielles. de la temperature ala surface de lamer (
0

G) 

Nom Domaine Moyen- Ecar<~' J Asy- ~M~- I 
:Ore de vari- lne(M) stan- o Exc'E•s m~- di-

S;;lectior de ation dard M I trie Mode % ane [M-+Q,M-oJ j ;'lo 
cas 

1 
(6') (Gv) 

Trim.I 2501 -1,0-10,4l 3,24 2,32 io,n 2_,45j 0,16 3,4 16,5
1 

3,21 0,9-5,6 68,9 

Trim.II 2167 1,6-26,2• 13,84 4,99 0,36 2,04' 0,13 10,3 14,9113,5- 8,9-18,8 68,~71 
Trim.III 2178 8,1-28,0 20,19; 3,04 '0,15 3, 73 -0,77 20,·t 24,2: 19, 1l17 ,2-23,2 69, 

Trim.IV 2187' -(),6-21,1 10,09
1 

4,49 0,44 2,21 0,01 10,9 14,>: 10,2 5,6-14,6 66, 

S.c. f'l227 -1,0-16,8 5,67
1 

J,6o o,6>j2,441 0,31 5,5 20,8! 5,6 2,1-9,3 67,2 

s.F. 4356 5,5-28,c 18,114,10 0,2~2,251-o,:;o 19,5 26,6J19,o t4,0-22,2
1
7o,1 
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Flow characteristics in the Ligurian Sea 
during May-June 1985 

L. PRIEUR 

Laboratoire de Physique et Chimie Marines, C.N.R.S., 
B.P. 8, 06230 Villefranche-sur-Mer (France} 

The second part of the PROLIG II cruise, in May 1985, was conducted 

over 9 CTD and Rosette sections across the Ligurian Current. The sections 

were roughly equally distributed around the Ligurian Sea between Nice and 

Calvi (CORSICA}, with station spacing of 1\J 5 n.m. and with cast depths to 

800 m. The survey was executed in less than ten days during particularly 

calm meteorological conditions that produced a storaged solar heating 

heating only within the upper 20 m layer. Excepted for this layer, the 

observations could be considered as synoptic. Dynamic topography and 

geostrophic velocity are presented and compared with earlier works that 

used larger grid scales. Comparison is also made with historical means. In 

addition, profiles of the baroclinic velocity are described with reference 

to the density field and water masses. 

More information about the horizontal distribution of velocity under 

the thermocline is inferred from horizontal CTD tows in the same zones 

during the first and third parts of the Prolig II cruise, in May and early 

in June re~pectively. Frontal structure was observed in detail. The flow in 

the Ligurian Current was intensified along the front i.e. along the 

cyclonic side (offshore) of the current. 
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O-IIII4 
Heat content of the Mediterranean waters 

off the Egyptian Coast 

M.A. SAID• and A.R. ABDEL-MOATI .. 

• Institute of Oceanography and Fisheries, Kayet Bey, Alexandria (Egypt) 
.. Oceanography Department, Faculty of Science, Alexandria University, Alexandria (Egypt) 

Detailed variations in the temperature and heat content of the Mediterranean 

waters off the Egyptian coast were studied during the period from August 1983 to July 

1986. During this period eight cruises were carried out to the southeastern 

Mediterranean between long. 29"4S'E ·and 33°45'E using the Egyptian R/V Noor Ya Nabi. 

Temperature and salinity 'were measured for discrete depths at 24 hydrographic 

stations located along eight sections extending perpendicular to the coast. Each 

section comprises three stations namely; coastal (<50 m), middle (50-100 m) and 

offshore (depth up to 200 m). 
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Figure 1. ·Area of investigation and locations of hydrographic stations. 

Temperature was averaged for 25 m intervals from surface to 100 m and the heat 

content (expressed in units of kgcal.cm -~ was computed using the formula described 

by Pattulla et al. (1969): 

H= n£pcpT(tJZ)l0-
3 

where H= heat content, kgcal.c~-2 

p= average heat of water tin the nth layer 

Cp= specific heat of water in the nth layer. 

T= average temperature, ° C, in the nth layer. 

llZ= thickness of each layer, 2, 500 em. 

The distribution of temperature in the surface layer of the area reflects the 

general distribution of heat supply from the sun. 

The heat content in the upper 25 m layer of the all stations ranged from 41.80 

kgcal.cm-2 in february 1984 to 73.06 kgcal.cm-2 in July 1985. The computed values of 

heat content from surface to 100m for the offshore stations varied from 170.92 

kgcal.cm - 2 in February 1984 to 244.97 kgcal.cm -2 in July 1985 (Table 1). 

Station-to-station differences within zones were evident on all cruises but were 

small compared with time variations. 

Examination of the heat exchange terms at the air-sea interface (Said, 1987) 

reveals that in the offshore waters, most of the seasonal changes in Oceanic storage 

is directly due to air-sea exchanges of heat. However, in the inshore area, other 

seasonal effects must be important. These other effects are most likely due to wind 

driven currents a 

Table 1. Heat content, surface to 100 m, at the offshore stations. Values are 

listed in Kg cal. cm-2. 

1983 1984 1985 1986 

August Feb. July Oct. April July Feb. July 
El-Agamy (AG) 171.18 216.58 173.08 207.95 177.88 216.53 
Rosetta (RS) 203.61 172.80 208.03 203.64 178.93 220.06 181.30 219.09 
Burullus (BR) 202.27 172.08 202.09 207.23 178.17 204.00 180.73 
Damietta (DM) 205.78 170.92 196.40 203.17 179.94 207.39 182.92 207.15 
Port-Said (PS) 221.95 211.00 178.75 219.20 185.12 201.58 
El-Tina (TN) 216.27 217.59 209.33 175.24 209.65 182.59 207.05 
Bardawil (BD) 204.57 178.75 244.97 216.55 
E1-Arish (AS) 198.93 208.07 

Pattullu, J.G.; W.V. Burt and S.A. Ku1an 1969. Oceanic heat content off Oregon: 

its variations and their causes. Limnol. Oceanogr., 14(2): 279-287. 

Said, M.A. 1987. Heat exchange processes between the Eastern Mediterranean and the 

atmosphere. Acta Adriatica (in press). 
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0-IIII5 
Caracteristiques thermiques des eaux marines 

sur le littoral roumain de Ia mer Noire, 
dans les conditions specifiques de l'annee 1987 

G. SERPOIANU 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

La p€riode de janvier .8. mai 1987 a €.t€, sur le littoral roumain de la 

mer Noire, compte tenu des conditions habituelles~ Les moyennes mensuelles de la tern 

perature de 1 'air a Constantza (44°lO'N, 28°38'£) ont present€. des deviations negati

ves par rapport aux moyennes multiannuelles, entre 1,1° et 5, 3 °C. Celle du mois de 

mars (-0, 9°) repr€sente la va~eur la plus basse enregistree le long du littoral rou

main depuis 1886, date a laquelle ont ete effectuees les premieres observations m€.t€o

rologiques syst€matiques. 

La sp€cificit€ des conditions mentionn€.es a produit une influence tres 

importante sur le regime thermique des eaux marines. Ainsi, a la surface, pres de la 

cOte, a Constantza, les moyennes mensU:elles de la temperature de 1 'eau marine ori.t ete 

(avec 1,6° jusqu'a 3,6°C) dans la rn€:rne p€.riode (janvier-mai) plus basses que les mo

yennes mensuelles des annees 1971-1986. 

Les recherches saisonni€:res effectu€.es sur le profil Est Constantza 

(44°lO'N) jusqu'a 30 Mm, r€v€:lent que toute la couche de 0-50 m €.tudi€.e, a subi une 

influence tout-a-fait particuli€:re. Les isothermes representant les anomalies tbermi

ques calcul€.es par rapport a la p€riode 1971-1986, mettent en evidence 1 'existence 

d'un fort processus de refroidissement de 1 'eau marine pendant 1 'hiver et une augmen

tation, tr€:s lente, de la temperature au printemps et en €.t€ (Fig. 1). 

Durant le mois de f€vrier, les anomalies thermiques, toujours negatives, 

ont atteint 3° pres de la cOte. Au mois de mai, elles atteignent jusqu 'a 5°, €.galement 

dans la zone c0ti€re. Pendant 1' €t€, ont €t€ signal€es les plus grandes diff€.rences 

negatives, avec un maximum de 7° a la profondeur de 20 m, qui a represente la limite 

inf€rieure de la thermocline en 1987. EJt novembre seulement, mois ayant present€. les 

moindres anomalies thermiques, dans la ~ouche 4.0-50 m, les differences ont €.t€. posi

tives. 
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O-III16 
Circulation and water exchange 
between the Mediterranean Sea 

and the Nile Delta Lakes 

S.H. SHARAF EL DIN 

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

Most of the energy driving nearshore processes along the Nile Delta 

coast comes from the Mediterranean Sea, in the form of winds, waves 

and currents. During the flood tide, Mediterranean waters enter the 

lakes for some distance, mixes with the brackish water and return back 

during the ebb tide. Besides the tidal effect, the prevailing winds and 

the drainage waters which are poured into the lakes, plays an important 

role in the water exchange between the sea and the lakes. 

The Nile Delta lakes include Idku, Burullus, Menzala and Bardawel. 

The water exchange between the Mediterranean Sea and the lakes, as well 

as the Rosetta and Damielta estuaries of the River Nile has been affected 

considerably during the last thirty years. 

From the hydrographic and geological surveys taken in front of the 

Nile Delta coast, in particular at the mouth of the lakes during the 

period 1960 - 1983, a few remarks can be summarized: 

1. The circulation pattern along the coastal areas in front 

of the lakes indicate that the current direction might 

be the rna in reason for the erosion process. 

2. The pattern of the mean size distribution of sediment 

indicates the erosion and accreti.on areas at the sea -

lake connection. 

3. The water exchange between each 1 ake and the Mediterranean 

Sea has a considerable effect on the lake sediment dispersion 

at sea. 

One of the most important features of the circulation of the southeast 

sector of the Mediterranean Sea before 1964, was the effect of the annua 1 

Nile Flood. Before completion of the dam, during the flood period, 

estuarine circulation pattern was a two layer flow at the mouth of the two 

estuaries, Rosetta and Demi etta. 

The general oceanographic conditions in the offshore region beyond 

the continental shelf did not change noticeably before and after 1964. 

The hydrographic conditions over the continental shelf in front of the 

Delta showed considerable change after 1964. Also, since 1964, almost 

no sediment has been discharged from the Nile. This has produced an 

imbalance in the near coast sediment budget, increasing erosion at the 

two mouths of the river Nile and shifting sediments along the coast. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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O-IV1 
Levantine Basin circulation - An historical perspective 

A. HECHT", E. OZSOY"" and U. UNLUATA .. 

• Israel Oceanographic and Limnological Research Ltd, Tel Shikmona. P.O.B. 8030, 
Haifa 31080 (Israel) 

•• Institute of Marine Sciences. Middle East Technical University, P.K. 28, Erdemli, 
Ice! 33731 (Turkey) 

The first map of the circulation in the upper and in the 
intermediate layers of the Mediterranean Sea is due to Nielsen 
( 1912) who computed it from the data collected by the Norwegian 
ship Thor. In. his data, the Levan tine basin, investigated by th,o, 
Thor in 1910, was represented by nine stations: four· of them in 
the Cretan straits close to the shores of Cyrenaica and the other 
five across the basin roughly from Mersa Matruh to Rhodes. Thus, 
Nielsen's Levantine basin anticyclonic circulation, is basad on 
continuity and geostrophic principles as well as on some plain 
common sense. 

The Thor was followed by the American Atlantis in 1948 and 
by the French Calypso in 1956. The additional stations provided 
new details but, at least as far as the Levant.ine basin is 
concerned, the circulation is still depicted as generally 
anticyclonic and resembling Nielsen's desc.ription of almost half 
a century earlier. Thus, the Nielsen map became the established 
representation of the Levantine basin circulation and even as 
late as the end of the TO's one can find this m<;>.p still quoted in 
the scientific literature. 

Between 1959 and 1963, the Russian ship Vavilov carried out 
six detailed cruises· in the Mediterranean Sea. Consequently, it 
was for the first time that the seasonal changes in the Eastern 
Mediterranean circulation were described. In particular, it was 
shown that the Ionian gyre reverses from anticyclonic in the 
summer to cyclonic in the winter. This reversal also appeared to 
induce a reversal in the current patterns in the Cretan straits. 
In the Levantine basin, the circulation iri the upper layers is 
still depicted as cyclonic and with no significant seasonal 
changes. Finally, in the entire basin, the horizontal 
circulation in the deeper layers resembled closely that in the 
upper layers. 

The validity of the cyclonic pattern· of the circulation in 
the Eastern Levantine basin was supported by the tracing of the 
fresh waters of the Nile floods. These were shown to hug the 
Eastern Mediterranean coast and could be observed sometimes as 
far as Beirut. Nevertheless, some contradicting data began to 
appear. During the summer of 1963, the Sea Fisheries Research 
Station of Haifa began a series of detailed cruises in the 
Eastern Levantine Basin. To our surprise we found in the region 
a warm core edddy and anticyclonic currents along the coast of 
Israel. Towards the end of the sixties, S. Friedman from the 
IOLR, tried to determine the seasonal pattern of the currents 
over the Israeli continental shelf by tracing the paths of a 
series of free floating buoys. Acording to his reports, most of 
his buoys move persistently southward for a number of days. At 
the beginning of the seventies the IOLR carried out a long series 
of current measurements from current meters moored on the Israeli 
continental shelf. Once more we observed persistent southward 
flow although northward flow appears to be just as prevalent. 
Towards the end of the seventies, the IOLR started to carry out 
the MC cruises - a detailed investigation of the Eastern 
Levantine basin. Preliminary results indicated, once more, the 
presence of a warm core eddy south of Cyprus and subsequent 
southward flow along the Israeli coast. 

At the beginning of the eighties, a group of scientists from 
various countries (Cyprus, France, Germany, Greece, Egypt, Italy, 
Israel, Turkey, U.S.A., and Yugoslavia) prepared a detailed plan 
for the cooperative investigation of the Physical Oceanography of 
the Eastern Mediterranean - POEM. So far five POEM coordinated 
cruises were carried out. During the first two - POEMOl and 
POEM02 - the Turkish ship Bilim and the Israeli ship Shikmona 
covered almost the entire Levantine basin with a dense grid of 
CTD stations. During those two cruises, the Shikmona augmented 
its data in the Eastern Levantine basin with even denser XBT 
casts. The objective analysis of this very dense set of 
measurements (Robinson et al.; 1987) revealed a complex structure 
of mesoscale eddies, jets and filaments and indicated the 
presence of some larger features. Moreover, the analysis of a 
"coarse grid subsample" of this data set showed that the 
important features of this region can still be"' properly resolved. 
Thus, one could confidently apply the same methodology to the 
entire Levan tine basin data set and expect meaningful results. 

Subsequently, the data obtained by the Bilim and by the 
Shikmona were combined and objectively analyzed. The resulting 
maps indicate that the entire Levantine basin is populated by a 
wealth of mesoscale deformation. By and large, as previously 
stated by Ovchinnikov and his collaborators, there does not seem 
to be a significant difference between the summer and winter 
maps, and the surface features seem to persist throughout the 
deeper layers. Moreover, some features, such as the Rhodes gyre 
or the cyclonic circulation in the Cretan straits, resemble those 
described by the Russian investigators. On the other hand there 
are some features which differ significantly from any previous 
description. For instance, the flow in the Cicician basin 
appears to be far more meandering and disorganized than 
previously envisaged. Or, the large and intense anticyclonic 
gyre in the southwestern Levantine basin, near Mersa Matruh, 
which appears to have a smaller and weaker counterpart in the 
Russian maps. But, most of all, the intense anticyclonic eddy, 
or eddies, in the eastern Levantine basin, which appear to be the 
cause of· southward flow along the .coast of Israel. The eddies 
appear to be well established features both in the winter as well 
as in the summer. Between them they produce a general 
anticyclonic circulation pattern which appears to transport the 
Atlan-r.ic waters from the Cretan straits, through .:ne center of 
the Levan tine basin, southward along the coast of Israel and 
westward along the coast of Egypt, in the opposite direction to 
the one described in previous investigations. 

Finally, before we replace one myth with another, we must 
r~alize that this description is based on incomplete information 
at\.d that it is just one realization of the circulation pattern. 
In fact, objective analysis of the MC data base (Hecht et al, 
1988) show occasional flow reversals and the presence of cyclonic 
edies close to the Israeli coast. 
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O-IV2 
Mesoscale structures In the Algerian Basin 

M. BENZOHRA.,I. TAUPIER-LETAGE and C. MILLOT 

Antenna du Centre d'Oceanologie de Marseille, B.P. 330, 83507 La Seyne (France) 
• also at : ISMAL. B.P. 90, Alger 1er-Novembre (AigMe) 

In order to investigate characteristics of the mesoscale 

eddies and associated phenomena known to occur in the Algerian Ba

sin (1,2,3,4,7), we combine the use of current meter data and satel

lite infrared imagery. 

It has recently been shown (6), using the June 86 Mediprod 5 

campaign data _ (5), that the movements suggested by the· thermal ima

ges are coherent with the current in situ observations, consisting 

of drifting buoys trajectories, current meter records at 100m, hy

drological transects, and ship drifts. 

During the Mediprod 5 Experiment, 24 current meters were set 

in place on 8 moorings (6 along the Algerian coast and 2 offshore) 

at 100m, 300m, 1000m, and some at 2000m; recording lasted 9 months, 

from June 86 to March 87. 

Up to December approximately, temperature stratification al

lows mesoscale structures to be significantly signed on the ther

mal imagery. This data set provides us with valuable information 

about the location of the structures with respect to the moorings 

points. 

The propagation as well as the vertical extent of these struc

tures are analysed with both data sets. 

References: 

1- Millot C •• 1985. Some features of the Algerian Current. J. 

Geophys. Res., 90, C4, 7169-7176. 

2- Millot C., 1987-a. Circulation in the Western Mediterra

nean Sea. Oceanol. Acta, 10, 2, 143-149. 

3- Millot c .• 1987-b. The circulation of the Levantine Interme

diate Water in the Algerian Basin. J. Geophys. Res., 92, C8, 8265-

8276 

4- Millot C., 1988. General features of t_he circulation in the 

Algerian Basin inferred from the Mediprod-5 experiment. Submitted 

to J. Geophys. Res •• 

5- Millot C., Taupier-Letage I., Benzohra M., 1986. Prelimina

ry results of the Mediprod 5 Experiment. Rapp. Comm. Int. Mer. Me

dit.,30,2:175. 

6- Taupier-Letage I ..• Benzohra M., Millot C., 1988. Confronta

tion of satellite thermal images and in situ current observations 

in the Algherian Basin during the Mediprod-5 experiment. Submitted 

to J. Geophys. Res •. 
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O-IV3 

A review of the distribution and persistence 
of Northern Levantine eddies 

experiments of 1985-1987 

E. OZSOY, T. OGUZ, M.A. LATIF and U. UNLUATA 

Middle East Technical University, Institute of Marine Sciences, 
P.K. 28, Erdemli-lcel (Turkey) 

The circulation features <>re estimated from a number of recent 

experiments in the Northern Levan tine Sea. Data obtaine•:i in a 

total of five seasonal surveys during 1985-1957 are reviewed 

and analysed to identify the areas of existence of major

vortices, and their distribution and persistence. 

Various eddies with different sizes and structures were 

identified, ranging from sub-basin scale gyres to sub

mesoscale vortices. The major cyclonic gyre to the southeast 

of Rhodes <the Rhodes gyre) is persistent in all surveys, 

although its horizontal extent and structure are modified by 

interactions with surrounding eddies and meandering jets. 

Persistent anticyclonic eddies of vaying size appear in the 

periphery of the Rhodes gyre and between this gyre and the 

coast. Occasionally, these eddies are of sub-mesoscale sizes. 

In all cases, the anticyclonic eddies are more coherent in the 

vertical and deeper in structure as compared to the cyclonic 

eddies. Due to the baroclinic nature of the circulation, the 

structures display slanted configuration with horizontal 

shifts in the eddy centers with increasing depth. 

A persistent anticyclonic eddy appears between the Rhodes gyre 

and Antalya Bay, while the eddy variability to the south of 

Antalya Bay is significant. The eddies in the Cilician Basin 

are generally shallower .and less organized. 

The anticyclonic vortices trap the Levantine Intermediate 

Water <LIW) and occasionally both LIW and the Atlantic Water 

<AW), and high oxygen saturation values are demonstrated at 

intermediate depths within such vortices. Evidence for small 

scale features not sufficiently resolved by the station 

network are also found and often captued by coincidence. 

The eddies are, in general, not isolated and are often in 

contact with each other near the surface. However, at the 

deeper levels anticyclonic eddies are persistent and have 

isolated centers. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 



O-IV4 
Barocllnic vertical modes, 

energy content · and distribution 
in the Northern Levantine, 1985-1987 

E. OZSOY anc:IT. OGUZ 

Middle East Technical University, Institute of Marine Sciences, 
P .K. 28, Erdemli-lcel (Turkey) 

The vertical structure equation is solved to determine the 

vertical modal functions supported by the mean stability 

frequency disributions obtained from five general surveys in 

the Northern Levantine Sea during 1985-1987. The vertical 

structure functions are then fitted to the observed 

streamfunction distribution, to estimate the contribution of 

the modes to the circ•..tlation and energy distribution. 

The vertical and horizontal distribution of energy components 

in the observed fields are calculated. The available 

potential energy is an order of magnitude larger than the 

kinetic energy and it increases at intermediate depths, while 

the kinetic energ~ has a maximum at the surface. It is 

generally found that the first baroclinic mode accounts for a 

large percentage of the observ·ed motions. 

The amplitude of motions in general decreases with depth. In 

summer, the motions are concentrated closer to the surface, 

while in winter the amplitude of the motions decay slower with 

depth. The typical first mode radius of deformation is on the 

order of 10-15km, with the larger values occut·ing in summer 

and the smaller radius found in winter. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 
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The effect of the eddies on the inertial oscillations 

observed in the Otranto Straits 

N.G. KAST ANOS and G. FERENTINOS 

Department of Geology, University of Patras. Patras (Greece) 

Data collected from 12 Aanderaa shelf recording current-meters deployed in 

5 moorings between 20/9 and 23/2/1979 have shown the existence of inertial oscil

lations in the Otranto Straits. Inertial oscillations have been observed and 

studied for the North Adriatic Sea, by Gacic and Vucak, 1982 and by M. Orlic, 

1987. The defined shear zone, formed between the northerly flowing masses along 

the Greek coast and the southerly flowing masses along the Italtan side 

(Ferentinos and Kastanos, 1988). The power spectra represent two broad maxima, 

one near the energy containing eddies and the other at the inertial frequency 

(Fig. 1). The observed inertia 1 period was about 18.6 h and the radius. of the 

inertial circles was about 0.9Km. The northerly travelling cyclonic eddies which 

have a period of about ro days (Ferentino~ and Ki\~tM~~, 19881, affect .the inerti.e~l 

oscillattons. The tnertial oscillations are posstEily generated Eiy instabllities 

and equiliBrium adjustment of the internal wave field (Kastanos and Ferentinos, 

1988). The internal wave field appears highly energet1c having a -1.74 mean 

slope, instead- of the -2 universal power law. Assumtng an f-plane, the vorticity 

field inside the eddies is positive (clockwise rotation), but in the region 

between the eddies the vorticity field changes to negative. The effecttve inerttal 

frequency is then f'= f + lz (Ux-Uy), implying that f' > f for the region 

Fig. 1. Kinetic energy spectrum of a characteristic current-meter inside the 
shear zone 

of positive vorticity ar.d f' < f for the region of negative vorticity. UY and 

Vx stand for the horizontal derivatives of hOrizontal current velocity and f 

stands for the theoretically estimated local inertial frequency. According to 

Weller, 1985, intesification and trapping of inertial waves occur within regions 

of negative vorticity, whilst within regions of positive vort1ciy the inertial 

loops are not allowed to be fully developed (Fig. 2). 

0 

Fig. 2. The effect of the eddies on the inertial oscillations_ 

Orlic M., 1g37, Osct11ations of the inertia period on the Adriatic Sea shelf. 

Cont. Shelf Res., V. 17, No 6, 577-598. 
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Kastanos N. and Ferentinos, G., 1988, Current variability in the Otre~nto 
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Weller R., 1985, Near-surface velocity var1ability at inertial and stlbinertial 

frequencies in the vici'nity of the CaHfornia Current. J. Phys. Ocean., 

15, 372-386. 
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O-IV6 
AVHRR/2 

Imagery of the Levantine Basin 

Marina CANDOUNA 

C/o Prof. E. MAIER-REIMER, Max Plank Institute fur Meteorologie, 
Bundesstrasse 55, 2000 Hamburg 13 

(Federal Republic of Germany) 

Advanced Very High Resolution Radiometer (AVHRR/2) data from the satellite 

NOAA-9, archived at the University of Dundee has been chosen in order to 

study physical process in the Levantine Basin. 

For the atmospheric and geometrical corrections as well as for the 

geophysical and radiometrical calibrations mathimatical algorithms have 

been applied to the "raw" data. Accurate line-by-line numerical models 

have also been used to simulate the "split-window" Sea Surface Temperature 

(SST) measurements (at - 10 to 12.5~tm) of AVHRR/2. 

Dynamical features, such as convection, mesoscale eddies, the formation of 

the Levantine Intermediate Water (LIW) and the location(s) of this 

process, as well as their seasonal variation and their correlations will 

be examined. The chosen data cover 1985 seasonally - five series of four 

consecutive days, enabling conclusions to be drawn about ~:ne ,.,asonal 

(in) depenuence of the physical processes mentioned above. For comparison 

one data set for each series has been chosen from 1986 and 1987. 

Qualitatively, all the images 'ire free from clouds and many dynamical 

features are recognisable. 
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O-IV7 
Aspects of hydrology and circulation 

of the Northeast Ionian Sea 

A. THEODOROU'. D. GEORGOPOULOS'' and A. THEOCHARIS .. 

• Ministry of Environment, Planning and Public Works, Varvaki 12, Athens 11474 (Greece) 
•• National Centre for Marine Research, Aghios Kosmas, 16604 Hellinikon (Greece) 

Intr-oduction 

The Ionian Sea lies to the east mf the Straits of Sicily,surrounded 
by Italy,Greece,Libya and Tunisia. It is the largest 1n volume sea 
110.8x10'"km"'l ,of the Eastern Mediterranean,.and has the greatest 
depth 15121ml southwest of Peloponnesus.To the north 1t joins the 
Adriatic at the Otranto Straitl75 km wide,sill depth 780 m).To the east 
it communi cates with the Aegean through the three western passages of 
the Cretan Arc;whilst it merges with the Levantine via the Cretan Rise. 

Data and Methods 

CTD data were collected by R.V."AEGAION" at 22 stations in the north
eastern Ionian Sea(Fig.1) ,during POEM-01-1986 CrLnsel15-24 April 1986). 
The data were subjected to conventional methods of analysis,whilst 
appropriate version of the so-called 11 neutral surface analysis"(!) 
was also employed. 

~ Dynamic topography of 
the surface relative 
to 800 dbar (dashed 
extensions and closures 
of the isolines are 
conjectural/. 

Results and Discussion 

Salinity. . (pss) 
~ Composite T-S diagram 

based on all T-S data 
of POEM-01-86 Cruise 
in the study area. 

Analysis of the data proved the presence of modified types of Lev anti ne 
Intermediate Water ILIWl, North Atlantic Water (NAWl, and Adriatic 
Water (2); and showed frontal but isopycnic encounter with interpe
netrations between these water mas-ses<Fig.2).This frontal zoni: 
assumes a northeast-southwest meander-like orientation, a pattern 
consistently manifested from the surface downwards. 
At the northernmost part of the front!" vigorous mixing processses 
occur,i~ndicated by an impressive small-scale thermohaline variability 
and interleaving.At this location the front is nearly vertical, whilst 
water with characteristics IT=13.224~C,S=38.642,cr.=29.172l pertinent 
to Eastern Mediterranean Deep Water occurs near the bottom. 
The front remains inclined along its re{llaining length, separating 
heavier water in the centre of the ·study area from lighter water at 
its eastern part.Eddies both cyclonic and anticyclonic are probably 
related to this front. However,a meandering mesoscale anticyclonic 
eddy-1 ike feature stands out at the southeasternmost part of the 
study area. 
The patterns of geopotential topography of the surface relative to 
the.800 dbar level (Fig.U,as well as the topographies of the appro
priate neutral surfaces (1) ,broadly reflect the bottom bathymetry ,and 
taken in conjunction with the distribution of sal1nity on the neutral 
surfaces (3),indicate in addition to the aforementioned features, a 
meandering northward "flow" ,and also the extent ot the influence of 
the NAW and LIW,as well as the nature of their interaction withi.n the 
northeastern Ionian Sea:!' at the time of observations. 

Conclusions 

During late winter-early spring the hydrography of the northeastern 
Ionian Sea was found to be dominated by a meandering frontal zone 
created by the encounter of NAW~ LIW~ and Adriatic water; mesoscale 
eddy activity is probably associated with th1s frontal zone. 
The circulation follows broadly the bottom bathymetry 1n the contra 
salem di ..... ection. 
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0-IVs 
The circulation in the Algerian Basin 

inferred from the Mediprod-5 current meters data set 

Claude MILLOT 

Antenne du Centre d'Oceanologie de Marseille, B.P. 330, 83507 La Seyne (France) 

New hypotheses about the circulation of the Modified Atlantic 

Water (MAW), of the Levantine Intermediate Water (LIW) and of the 

Deep Mediterranean Water (DMW) in the Western Mediterranean have 

been recently put forward (Millot, 1985, 1987-a). Those about LIW 

in the Algerian Basin have already been supported by hydrological 

measurements collected during the Mediprod-5 cruise in June 1986 

(Millot, 1987-b). Twenty-four Aanderaa current meters, set in pla

ce on 8 moorings at nominal depths of 100, 300, 1000 and 2000m, du

ring more than 9 months and from =0 • to =5 • E along the Algerian 

coast, have provided us with definitive information about the hydro

dynamical characteristics of the various water masses in that re

gion (Millot, 1988). 

It is obvious from the analysis of this data set that the cir

culation in a =40-60km wide coastal zone is characterized by the oc

currence of a very turbulent surface flow, namely the Algerian Cur

rent, and of mesoscale young eddies, the structure of which is mar

kedly variable with depth. In the interior of the basin, currents 

display, at least between =300 and 2000m, a marked barotropic struc

ture which accounts for a major influence of old eddies extending 

roughly down to the bottom. As it was already noticed (Taupier-Leta

ge and Millot, 1988), these old-offshore eddies can interact with 

the Algerian Current itself (Taupier-Letage et al., 1988). 

As already shown by satellite images, young-coastal eddies are 

advected eastward at a few cm/s. Therefore, the coastal moorings ha

ve been crossed by several eddies, and specially by a very power

ful one which was located at =0" in June-July, and at =:5'E in Novem

ber-December. This eddy has induced very spectacular and intense 

currents which were, at a depth of =100m and during more than 1 

month, directed seaward with an averaged speed of =25cm/s. Such me

soscale phenomena obviously have tremendous consequences on the bio

logical activity in most of the Algerian Basin. 

The temperature measurements collected with these current me

ters have also provided us with very interesting information. It is 

first important to note that the averaged potential temperatures of 

the 10 records collected at 1000 and 2000m are in the range 12.85-

12.87 ·c and in good agreement with the available hydrological data 

sets, which accounts for the significance of the absolute temperatu

re values measured with such instruments. Considering that the nomi

nal depth of 300m lies between those of the temperature minimum 

(=200m) and of the temperature-salinity LIW maximum (=400-500m) 

leads us to emphasize differences between the coastal and the offs

hore regions. Near the coast, the temperature time series at all 

points look like a plateau ploughed by furrows (anticyclonic young

coastal eddies propagating eastward depress the various isopleths) 

while offshore, they resemble a plateau with ab·:upt domes (due to 

lenses of relatively new LIW, probably advected from the Sardinian 

continental slope by old-offshore eddies). Maximum intermediate va

lues recorded in the offshore zone (13.8l'C ± O.l-0.2'C) are relati

vely large when compared to the largest ones ever observed either 

in the Sardinian Channel (13.8-13.9'C, Guibout, 1987) or along the 

Algerian coast (=13.2-13.5'C), supporting the previous results on 

the important role played by the algerian eddies. 
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O-IV9 
Measuring of mesoscale eddy processes in the sea 

Vlado DADIC and Arsen PUSKARIC 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

~uding and modelling or mesoscale eddy processes in the 
sea are based on the measuring dirrerent types or physical values. 

At the Institute or Oceanography and Fisheries in Split, 
automatic meteorological-~eanographical station are under deve
lopment. In this phase, one station is installed in Kastela Bay, 
middle Adriatic Sea. The rirst results or testing give us satisried 
results. 

Automatic meteorological-oceanographical statin serves 
ror measurement or various meteorological and oceanographical pa
rameters at the open sea in all meteorological conditions.The main 
parts or AMOS are: measuring station with anchored buoy and measu
ring instruments, relais-station with microprocessor unit, and 
shore station with computer system CFig. 1.). 

The main parts or measuring station are instruments Cthe 
most or them are Aanderaa pr.oduction), and buoy with electronics 
ror receiving· data rrom all .measuring instruments, their contro
lling and sending to transmitting antenna. 

Relais-station with receiving antenna, microprocessor 
unit, RS232C interrace, and modem is located on the nearest land 
or measuring station.It receives data rrom measuring station,store 
them temporarily, and sends to computer in shore station using VHF 
-radio or PTT link. 

In shore station, with computer system and appropriate 
sortware data are received rrom relais-station in real time or 
under remote control, and arter checking and processing they are 
stored in data base ror ruture usage. 

Results or real time data processing using automatic me
teorological-oceanographical station represents an important 
improvement ror modelling and monitoring mesoscale eddy processes 
in the sea as well as weather rorecast. 

HMtit • ~IAXi"V 

-~· 6 + EJ +-+ II'IODEI1J+-· .... -I110DEI1!.--I CDI1PUTER I 
~I 

11EASI..RING 11ICRDPROCESSINB SHORE 
STATION UNIT STATION 

Fig. 1. Functional block-diagram or AMOS 
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A numerical study of the Interaction 
of various forcing mechanisms on the circulation 

of the Western Mediterranean Sea 

George W. HEBURN 

Naval Ocean Research and Development Activity, 
NSTL, Mississippi (U.S.A.) 

The circulation in the western Mediterranean Sea as viewed 
from in remotely sensed satellite data is complex and highly variable. 
Previous studies of the circulation based on surface and subsurface 
surveys (Allain, 1960; Ovchinnikov, 1966) have presented a rather 
simple and stable picture of the surface circulation of the western 
Mediterranean. 

The primary physical forces exerting an influence on the 
circulation dynamics of the Mediterranean are surface wind stress, 
surface heat and mass flux, mass flux in and out via the Straits of 
Gibraltar and Sicily, and topographic constraints. Vhile there are 
many features of the general surface circulation which appear to be 
directly related to one form of physical forcing or another, there 
many more which can not be easily identified with a particular forcing 
mechanism. 

Numerical model experiments using one- and two-active-layer 
reduced gravity and two-layer finite depth, primitive equations models 
on a ~plane have been conducted to examine the effects due to the 
various forcing mechanisms. Experiments have been conducted using 
each forcing mechanism separately and then in various combinations. 
The nominal inflow transport of Atlantic water for the experiments 
examining the effects of mass influx was set at 1. 6 Sv and the nominal 
inflow transport of lower layer water was set at 1. 2 Sv. The wind 
stress data sets used included a climatological wind data set 
developed by May (1982) and wind data from the Fleet Numerical 
Oceanography Center's regional atmospheric forecast model for the 
Mediterranean region, the Naval Operational Regional Atmospheric 
Prediction System (NORAPS). The heat flux data set used was a 
climatological heat flux data set developed by May (personnel 
communication). 

The model equations are solved using variant of the Hurlburt 
and Thompson (1980) model with two major modifications: 1) the ability 
to handle realistic coastline geometry and 2) the addition of a 
radiation outflow boundary condition patterned after a modification of 
the one presented by Orlanski (1976). The horizontal resolution of 
the model is 0.1° by 0.05°. The upper layer for all model variants 
was set initially at 250m. The second layer depth for the two-active
layer reduced gravity model was initially set at 250m while in the 
finite depth version it was set to the total depth minus the upper 
layer depth. 

The results from the various experiments show that the 
dynamics of the western Mediterranean are extremely complex and that 
attributing observed features to a particular forcing mechanism is 
near to impossible. The effects resulting from the various physical 
forcing mechanism interacting with each other are strongly non-linear. 
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Modellsatlon mathematlque et numerlque 

de Ia Medlterranee occidentale 

J.M. BECKERS 

Laboratoire de Mecanique des Fluides Geophysiques, Universite de Liege, 
B 5, Sart Tilman, 4000 Liege (Belgique) 

La Mediterram!e occidentale est une mer presque fermee; elle 
se prete par la meme particulierement bien a 1' ~tude c_ie 
processus et a une modelisation numer~que co~plo;te: d une 
part, tous les phenomenes hydrodyn~nll.ques d ocean':' Y sont 
presents ( meandres, fronts, upwell~ng':', ... ·1 et c_i autre. 
part, la taille du domaine permet 1 utJ.lJ.satJ.on d un modele 
3D elabore 

Le modele utilise est developpe a partir des equations de 
conservation primaires. L'approximation de Boussinesq et 
1 'hypothese d · equilibre hydrostatique constituent un: 
premiere simplification. Ensuite! le cl:_loix de la f7netr7 
spectrale a etudier nous oblige a un fJ.ltrage des equatJ.ons 
non-lineaires. Ce faisant, nous introduisons les flux 
turbulents. La modelisation de ces flux turbulents s ·inspire 
de la diffusion moleculaire et demande le calcul d'une 
diffusion turbulente. Du modele ( k,t ) generalement pro
pose, nous pouvons tirer une serie de modeles hierarchiques 
dont 

** un modele qui retient 1' energie cinetique tu:r:bulente 
k cornme variable d'etat, mais qui lie la dissipation 
visqueuse a une longueur de melange empirique, 

** et un modele algebriqU.e local. 

Le modele retenu est celui de la longueur de melange imposee 
a priori mais modifiee par la stratification. 

Les equations necessitent la connaissance de conditions 
limites (non-lineaires) adaptees a la fenetre spectrale 
choisie. Le calcul des flux a l'interface air-mer demande 
done une attention particuliere. 

La resolution numerique des equations passe par un change
ment de variable verticale. Nous proposons une nouvelle 
version du changement de variables a· elabore par Phillips, 
que nous appellerons changement ·de variables ( a·, a~ ) . 
Celui-ci preserve les avantages du changement de varJ.ables 
a tout en tHiminant certains defauts. Le fond de la mer 
devient une ligne du maillage et transforme le domaine en un 
domaine a profondeur constante, alors que le maillage 
vertical pres de la surface est uniforme horizontalement 
dans 1 · espace reel et y permet une resolution accrue sans 
resserrement exagere pres des cotes. 

La methode numerique employee est une methode de volumes 
finis avec un maillage variable sur la verticale de 1' espace 
(a·, a" ). L'iteration temporelle s'opere par la methode du 
mode-splitting pour le mode barotrope et un schema semi-im
plicite sur la verticale pour le calcul 3D. Une 
particulari te du modele est la discretisation des termes 
d' advection qui detecte la presence locale de gradients 
importants et adapte le calcul des flux afin de bien 
representer des fronts. 

Une discussion detaillee du modele et les references peuvent 
etre trouvees dans 
"Modelisation mathematique et numerique de la Mediterranee 
occidentale, 
travail presente en vue de 1' obtention du grade d · Ingenieur 

Civil Mecanicien (Mecanique-Physique), 
annee academique 1987-1988 
par BECKERS J-M., Universite de Liege". 

Equations du modele : 

= - Vq + a!3 <v a";:3 l 

V.u+~=O 

~ = b(T,S) 

nk __ 
11 

au II 2 ;b ab 
- \1 ox3 - h 3i<3 - £ 

Variablesd'etat : u vitesse horizontale 

vitesse verticale 
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temperature 

salinite 

q pression generalisee 

k energie cinetique turbulente 
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A divergent quaslgeostrophlc model 
for wind-driven oceanic fluctuations 

In a closed basin 

Stefano PIERINI 

lstituto di Oceanologia, lstituto Universitario Navale, 
Via Acton 38, 80133 Napoli (ltalia) 

The oceanic current and sea level fluctuations driven by the 
fluctuating coMponent of a wind stress field are analyzed by 
considering a linear, deterMinistic, barotropic, quasigeostrophic 
r1odel on the fo -plane in a circular do~1ain. Divergent and 
nondivergent forced solutions are obtained analytically and their 
structure in different frequency ranges is discussed. For 
paraMeter values roughly represent~tive of the Mediterranean Sea, 
divergent oscillations with a clear boundary layer character are 
found in the range T<O< 1 Month) while a Rossby wave-1 ike 
behavior can be observed for higher forcing periods. Finally, a 
coNparison between divergent and nondivergent solutions reveals 
the inadequacy of the rigid-lid approxiMation for sufficiently 
high frequencies. 
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O-V4 
Upwelling induced by periodic wind stress 

GADALU 

Cooperative Institute for Research in the Atmosphere, 
Colorado State University, i=oothills Campus. 

Fort Collins, Colorado 80523 (U.S.A.) 

In this note we exhibit analytical solutions for the upwelling and the coastal currents induced by 

a periodic wind stress. We present solutions for an infinite deep ocean and for a shallow ocean. 

there is upwelling only when the period of the forcing is longer than the inertial period, i.e. f >«>. 
When the period of the forcing is shorter than the inertial period, i.e. f <W, there is not upwelling 

but propagating waves. Application to the Mediterranean sea-land breeze regime wiii be presented. 
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Adriatic shelf response to Scirocco wind 
- A modelling Inquiry -

M. KUZMIC•, Z. PASARIC• and M. ORLJC .. 

• Center for Marine Research, Rudjer Boskovic Institute, Zagreb (Yugoslavia) 
•• Geophysical Institute, Faculty of Science, University of Zagreb (Yugoslavia) 

When Adriatic Sea upper shelf is forced by laterally and lon
gitudinally uniform SE (sci rocco) wind its topography responds with 
double-gyre structured field of vertically averaged currents. Spatial 
extent of the structure is asymmetrical: narrow anticyclonic gyre is 
formed along the Italian coast while broader cyclonic gyre covers 
rest of the upper shelf. It is important to elaborate further dynamic 
conditions that induce and maintain such a response, and particularly 
to identify empirical evidence that suggests the same or similar 
dynamics. In this paper we present a series of modelling experiments 
that address the first part of the problem exploring the role that 
(lateral) heterogeneity in the scirocco wind field can play in sus
taining or destroying the double-gyre response. 

The experiments were performed using a three-dimensional, 
linear, barotropic model. Details of the model formulation can be 
found in our previous papers (e.g. Kuzmic et al.,1985); an early ap
plication of the model to the whole Adriatic is reported in Kuzmic et 
al. ( 1986). Several groups· of numerical experiments have been performed 
assessing various aspects of the forcing field variability.Major 
results of these studies are summarizea in Fig. 1. 

When the SE wind is laterally homogeneous a downwind flow is in
duced along the shallow Italian coastal strip contributing to the an
ticyclonic gyre (Fig. 1a). This particular flow pattern, also observ
able at other cross-sections, survives to various degrees when the 
stress is allowed to decrese linearly from the maximum on .the Yugos
lav side to 50%, 75%, and 100% lower values on the Italian side.It is 
totally destroyed, however, when the stress is allowed to drop to 
zero along the Italian coast ( from a constant value over Yugoslav 
part of the basin, following a cosine func.tion). In that case a single 
cyclonic gyre is formed over the upper shelf; a representative cross
section is given in Fig. lb. Described schematized cases, as many 
others not presented~ are useful for developing an insight, but even
tually one has to address the· problem of true wind field over the 
sea. In doing that we have relied on the work of . Palmieri et 
al. (1976). They have used one-level primitive equations model to ob
tain wind field over the Adriatic, starting from known surface pres
sure f:teld and taking into account orographical and frictional 
effects. We have used their particular prediction for February 21, 
1966, 09 GMT , after appropriate preparation, to force our model.As 
Fig. lc demonstrates a downwind. flow along the Italian coast reap
pears at the selected cross-section, as does the anticyclonic gyre, 
although over reduced coastal stretch. 

These simulations suggest that double-gyre structured field of 
transports is a rather robust feature of the Adriatic shelf; it has 
survived most forcing field variations in our model 
"'"n"'rim.,nts.Further numerical exPeriments are in Prot{ress assessin~ 
the relation of the wind stress and eddy viscosity.But, of Particular 
importance is empirical verification of presented modelline results. 

Fig. 1. Distribution of normal velocities in a section across 
the Adriatic for SE wind: a) laterally homogeneous, b) laterally 
decaying, c) quasi-empirical. Contouring interval is 10 cms·l. 

The coastal strip extending from the Po river delta down to the city 
of Ancona seems the most promissing area to offer such a.n evidence. 

References 

Kuzmic, M.,Orlic, M.,Karabeg, M., and Jeftic Lj., 1985. An in
vestigation of wind-driven topographically controlled motions in the 
Northern Adriatic, Estuarine Coastal and Shelf Science, 21, 481 -
499. 

Kuzmic, M., Orlic, M., and Jeftic, Lj., 1986. Mathematical 
modelling of horizontal and vertical distribution o:f currents in the 
Northern Adriatic, Final Report to UNESCO/IOC under contract 
UNESCO/IOC 217.615.4, Zagreb, 43 pp. 

Palmieri, S., Finizio, C., and Cozzi, R., 1976. The contribution 
o:f meteorology to the study and prediction of high tides in the 
Adriatic, Bollettino di Geofisica Teorica ed Applicata, 19, 191 -
198. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

O-V6 
Observations and modelling of upwellings in the Aegean Sea 
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• National Centre for Marine Research, Aghios Kosmas. Hellinikon, 16604 Athens (Greece) 
•• Department of Civil Engineering, Aristotle University, 54006 Thessaloniki (Greece) 

The combination of field measurements, satellite imagery and mathe

matical models for the investigation of the upwellings occurence in the 

Aegean Sea is the scope of the present study, of preliminary nature. 

The field data were collected by the research vessel AEGEON of the 

National Centre of Marine Research during oceanographic expeditions wi

thin the context of the POEM and the Open Seas Research programs during 

the summers of 1986, 198(. 

The temperature and salinity profiles recorder by CTD' s and the de

riving density profiles revealed that during surruner distinct pycnoclines 

at depths ranging from 30 to 50 meters and D.p/p values ranging from 2o/oo 

to So/oo appear along the basin. The whole area can be segmented in terms 

of the above two parameters in 5 distinct areas. The two layers system 

is a realistic hydrodynamic approximation for the basin. 

Analysis of the characteristics of the water masses and satellite 

images indicate the occurence of strong upwellings during the warm sea

son. Such a series of thermophotographs taken during summer 1986 by the 

AVHRR probe of NOAA satelite reveal intensive thermal features along the 

East part of the Aegean Sea. It was attempted here to explain the origin 

of that cold superfical water on the basis of in situ measurements of 

the thermal conditions of the upper layers, the prevailing meteorologic 

conditions and the use of a mathematical model. 
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Surface layer thickness after 8 0 

hours of Etesian wind 
Circulation in the surface layer 

under mo<'erate wind conditions 

From the meteorological information concerning the surface wind 

patterns it is concluded that during summer the pattern of the strong 

Etesian winds (of N-NE direction in the N. Aegean turning to NW-WNW in 

the south Aegean Sea) is typical. The mean frequency of that wind is 45% 

This cyclonic wind pattern influences the surface layer through the im

posed friction. 

The mathematical model used here was a reduced gravity model for 

wind generated circulation and evolution of the layer thickness. It was 

solved by a F.D. explicit scheme on a staggered orthogonal grid of mesh 

size equal to 20 km. The typical strong Et'esian wind pattern was the 

forcing factor applied on the basin. 

The model indicated that within 80 hours of wind application upwel

ling occured and extended along the East part of the basin with a cyclo

nic circulation pattern established along the basin. The fact that the 

cold, less saline Black Sea waters effluying from the Dardanelles straits 

enter a circulation pattern forming a westward coastal current along 

the coast of N and W Aegean Sea and the appearance of upwelling for the 

assumed realistic density stratification and wind patterns, lead to the 

preliminary conclusion that the thermal features revealed by the satel

lite imagery are indications of persisting summer upwellings along the 

East part of "Ehe Aegean. Further investigation by models and tracers is 

proposed. 
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A mathematical model 

to study tidal propagation 
in Patraikos Bay 
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• Department of Geology, University of Patras, Patras (Greece) 
•• Department of Mathematics, University of Patras, Patras (Greece) 

In this work, a mathematical model is applied to determine the tidal 

elevations and circulation associated with the main ttdal constituents, in 

the bay of Patraikos at Western Greece. 

Accepting the classic hydrodynamic theory with equations of continui
ty and motion, we approach the costal Boundaries and bottom topography of 

the bay, By means of a reversed cone with ellipsoidal base. The explfcit 

solution of the ftnal differatial equation is gtven in this presentation. 
Comparison of the results of thts model to a monthly data_ set from 

four stations along the coast confirms the reliability of the ~model tidal 

prediction. 
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Some observations on eutrophication associated changes 
in phototrophic and heterotrophic pico- and nanoplankton 

assemblages in the Northern Adriatic Sea 

Noelia REVELANTE and Malvern GILMARTIN 

Department of Zoology, University of Maine, Orono, Maine 04469 (U.S.A.) 

SUMMARY 

The size class structure of the smaller than 20 tJ.m plankton community was 
downsh1jted along a trophic gradient across the Adriatic Sea. Both phototrophic and 
heterotrophic picoplankton heavily dominated during the summer stratified period 
compared with the winter mixed period. Cyanobacteria dominated the phototrophs, 
especially in the eutrophic Po delta region. 

The shallow northern Adriatic is under the eutrophicating influence of the Po 
and other northern Italian rivers, and strong evidence exists that anthropogenically 
increased nutrient input is increasing primary production causing eutrophication. 
Previous studies indicated that the eutrophication was reflected in increased plankton 
biomass, and downshifts in micro- and nanoplankton size class structure (the only 
size classes then analyzed). To extend our data set the nano- and picoplankton (both 
phototrophs and heterotrophs) were sampled along a trophic gradient created by Po 
River discharge, to determine if the eutrophication induced biomass increases and 
size class changes we previously observed in the microplankton would be reflected in 
the smaller nano- and picoplankton. 

Samplings were conducted along an east-west trans-Adriatic trophic gradient 
between the Po River delta, Italy and the Istrian Penisula, Yugoslavia, and along a 
north-south trophic gradient toward the central Adriatic during stratified and mixed 
water column periods. Samples were collected throughout the water column to 
establish the physical/chemical characteristics, and to enumerate the smaller 
plankton elements. Plankton samples were preserved with both glutaraldehyde and 
Lugol iodine solution, and examined by autofluorescence, or after subsequent 
decoloring and staining with DAPI or FITC were enumerated using epifluorescence 
techniques. Organisms were classified as phototrophic and heterotrophic 
nanoplankton (2-20 ~m), and phototrophic and heterotrophic picoplankton (0.2 - 2 
~m). 

Our previous analyses indicated that changes in the phototrophic community 
structure from a microplankton dominated community to a community with more 
nanoplankton occurred with the transition from a mixed to stratified water column, 
and that some microplankton heterotrophs showed a similar downshift in size class 
structure. The study reported herewith indicates a further downshift in size classes of 
both smaller phototrophs and heterotrophs and a relative increase in the biomass of 
the phototrophic and heterotrophic picoplankton at the western stations under 
stratified conditions. 

The mean water column phototrophic picoplankton densities increased 2-4 
fold at eastern and 10-20 fold at the western transect stations compared with' winter 
lows. The average water column densities ranged from 25,000 to 106 ml-1. The cell 
density increase of this component was particularly pronounced at the surface where 
the water column maximum usually occurred, in contrast to the eastern stations, 
where the maximum concentrations of this component occurred in the 20-25 m layer. 

The phototrophic nanop!ankton component increased about an order of 
magnitude from winter lows with average water column concentrations of 300 to 
4,600 ml-1 at the eastern stations and 700 to 7,000 ml-1 at the western stations. 

It is clear that Po river induced eutrophication increased the volume biomass 
in all phototrophic and heterotrophic pico- and nanoplankton components at 
western stations near the Po delta during both oceanographic periods. While the ca. 
2-fold volume biomass increases in the nanoplankton components (both phototrophs 
and heterotrophs) along the transect are of similar magnitude, the picoplankton 
components (both phototrophs and heterotrophs) exhibited a marked 11-fold and 
7-fold increases along the east to west gradient. Since the highest biomass was 
concentrated at the surface at western stations, the surface gradient was even more 
pronounced, 41-fold and 18-fold respectively. In that context, the south to north 
gradient becomes even more pronounced, with an average water column increase for 
each component of 2-3 times that observed on the east to west transect. 

High concentrations of cyanobacteria occurred in the surface layers especially at 
the nutrient richer western stations, indicating that they can thrive in high light 
intensities given adequate nutrient supply. Their tendency to exhibit a deeper 
maximum at more oligotrophic stations, may reflect their ability to adapt to lower 
light intensity close to the depth of the nutricline, since the surface layers at those 
stations are usually nutrient depleted. The pronounced heterotrophic picoplankton 
(bacteria) increases at the more eutrophic sites under stratified conditions may reflect 
high water column temperatures, which increase growth rates, especially assuming 
an increased availability of dissolved organic matter in this high biomass region. 

The observed densities of heterotrophic picoplankton were not sufficient to 
support observed ciliated protozoan populations, but it is hypothesized that the 
combined availability of heterotrophic picoplankton (105 to 107 ml-1) and 
phototrophic picoplankton (1o4 to 1o6 mi-1) represented a pool of particles dense 
enough to serve as the food source for the ciliated protozoans as well as the 
heterotrophic nanoplankton. 

Changes in the phytoplankton community structure from microplankton 
domination to an increased abundance of smaller sized classes (nanoplankton) were 
previously observed to be associated with the transition from the mixed to a stratified 
water column seasons, which also downshifted the microzooplankton biomass 
structure toward the smaller size classes. These additional data clearly indicate that 
eutrophication associated increases in biomass, and downshifts in size class structure 
extend to the picoplankton, and further increase the biomass represented by the 
smaller size class components at the western stations. 
CONCLUSIONS 

- eutrophication causes a downshift in the size class structure of food webs 
along a trophic gradient across the Adriatic Sea 

- the size class downshift was most pronounced in eutrophic regions off the Po 
delta, markedly increasing the cell densities and volume biomass of both 
phototrophic and heterotrophic picoplankton 

- the size class downshift occurred primarily during the summer months 
when the water column was stratified 

- the size class downshift mirrored a previously reported downshift in larger 
ciliated protozoans along the same trophic gradient. 
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P-12 
The phytoplankton successions In the Gulf of Triest 

NedaFANUKO 

Marine Biological Station Piran, Institute of Biology, Ljubljana (Yugoslavia) 

The week-to-week samplings of phytoplankton throughout one year demonstrated 

that the phytoplankton assemblages of the Gulf of Triest, Northern Adriatic, 

changed in time very abruptly within a week or two. The populations of one or two 

dominant species declined precipitously and became rapidly insignificant or even 

vanished from the samples. 

In the studied year (March 1983 till April 1984) the diatom Chaetoceros affinis 

became dominant in mid-March, concomitantly with the vernal warming of the 

seawater. In April the bloom of Prymnesium parvum was observed, successively 

followed by flowering of diatoms: Ch. simplex , Nitzschia delicatissima complex, 

and Skeletonema costatum. In May the diacmic small-sized dinoflagellates occured, 

having the second annual pulse in winter. Gymnodinium simplex and G. paulseni 

co-dominated with Prorocentrum micans. Beside them the tiny cells, arbitrarily 

named microflagellates flourished in May. In terms of number microflagellates 

constituded 64% of the total year cell density • 

Fairly stable and sharp thermocline in June probably induced phytoplankton to 

become stratified. In the upper layers microflagellates co-occured with Meringo

sphaera triseta, whereas the layers below 10 m depth were populated by the 

large-sized armoured dinoflagellates: Peridinium spp. , Ceratium spp. , Dinophysis 

caudata, D. sacculus, Goniaulax polyec'_~, that occured in deeper layers until 

October. 

July is the month of diatom proliferation in the Gulf. In the year 1983 the populations 

of Rhizosolenia alata f. gracillima, Cerataulina pelagica, N. delicatissima complex, 

N. seriata complex and N. closterium developed in July and were replaced in 

August by the assemblage of Bacteriastrum delicatulum, Rhizosolenia fragilissima , 

Guinardia flaccida and again R. alata f. gracillima. 

In August in the 20 m deep layer only an unusual bloom of the silicoflagellate 

Distephanus speculum was observed. The bloom lasted for two weeks. 

The September peak was characterized by R. fragilissima, C. pelagic a, 

N. closterium and Thalassiothrix mediterranea. Towards the end of the month the 

chlorophyte Chlamydomonas sp. could be distinguished among numerous microflagella-

tes. 

The second Chaetoceros spp. bloom occured in October. This time the dominant 

among ten chaetoceros species was Ch. compressus. At the end of October the 

fraction of large-sized dinoflagellates declined, but the unusual green dinoflagellate 

appeared in all the layers (Gyrodinium pavillardi) concomitantly with the increase 

of nutrients especially nitrates. 

The cooling of the water and decrease of light intensity in November still did not 

inhibit the phytoplankton growth. Leptocylindrus danicus co-dominated with the 

microflagellates, and the modest pulses of the centric and pennate diatoms were 

observed at the end of the month. Among them the most abundant were: Rhizosolenia 

stolterfothii, R. styliform is, Ch. compressus, Hemiaulus hauckii, G. flaccida, 

Thalassiosira decipiens, N. closterium, N. delicatissima complex, T. mediterranea , 

Cocconeis scutellum and Navicula sp. 

Finally in December the skimpy winter flora completed the year successions. Till 

March the coccolithophorids Pontosphaera huxleyi and Acanthoica aculeata co-domi

nated with small-sized dinoflagellates G. simplex and G. paulseni and with few tiny 

tychopelagic diatoms: N. closterium, N. tenuirostris and Amphora marina. 
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P-13 
Structure des populations Phytoplanctonlques en Adriatique 

Septentrionale 

R. LALAMI-TALEB•, Y. LALAMI .. et P.L GONZALEZ" .. 

•Ecole Normale Superieure de Kouba (Algerie), 
.. I.N.E.S.S.M., Alger (Algerie), 

... U.S.T.L, Montpellier (France) 

Atin d'thaluer !'organisation structurale des populations phytoplanctoniques 
l'Adriatique Septentrionale en juillet 1976 (figure 1), nous avons utilis~ Ia ml!Jhode 

des mod~les mathematiques de distributions d'abondances de MOTOMURA, de PRESTON, 
de MAC ARTHUR et de MANDELRROT. 

L 'ajustement de ces rnod~.les aux donnees observ~es a pu ~tre appr~cie 

par Ia mesure de Ia distance de HElliNGER dont Ia visualisation par Ia methode de 

!'Analyse en Compo3antes Principales nous a permis d'avoir a Ia fois une vue objective 
et globa!e du mod~!e le plus performant. 

Sur Ia figure 2, !'axe vertical est Ia premi~re composante principale 

et !'axe horizontal Ia seconde. Plus Ia quelite de l'appro)(imation visuelle des distan

ces est meilleure, plus le pourcentege d'inertie explique par ces deux premieres compo
santes se rapproche de 100. 

l a figure 2 porte aussi un certain nombre de symboles dont voici Ia signifi
cation : 0 : represente Ia valeur observee ; 0 : correspond ~ l'ajustement au modele 

::n~ A8N ~~~~u~~e:Te~t P ~u: :o~~:;~o:~ ~ M!~a~u;~e~;~t :u C mo~~lcecr~:s:::dsr8o ~.:i:re~:~:re8s~ 
mod~Je de MAC ARTHUR. n 

l a grande dispersion des points correspondents aux donnees observees 
par rapport B. celles obtenues h partir des mod~les, indique clairement qu'il est difficile 
d'ajuster b un seul et ml:me modkle une com munaute phytoplanctonique en voie de matura
tion. 

l es points correspondents au)( echentillons les plus perturbes du littoral 
occidental sont presque taus eparpililh dans Ia region superieure du graphique {exemple: 

~chantillons 10 et 14) et sent loin (en d'autres termes mal ajust~s) des valeurs th~oriques 
des modeles de PRESTON, de MOTOMURA et de MAC ARTHUR dent les points repthenta

tifs ferment des nuages se succedant dans Ia partie inferleure droite du graphique. 

Tendent 9 se rapprocher de tels mod~les, les ~chantillons intl!ressant 
les peuplements les plus ~quilibr~s des eaux centrales et orientales de I'Adriatique {exam
ple ! ~chantillons 3 et 7). 

Les ajustements au mod~le de MANDELBROT ferment quant ~ eux des 
points !!pars surtout dans Ia partie sup6rieure du graphique et semblent indiquer que 

ce modble s'adapte aussi bien 11 des peuplements d'un stade interml!diaire entre les 

stades 1 et 2 (stede 1') qu'S des communautes en fin de succession (exemple : l!chantil
!on17). 

le modble de PRESTON semble s'ajuster lorsqu'il y a dominance d'une 
ou de deux especes par rapport h d'autres dont Ia repartition est plus hermonieuse (exem
ple:echantillons9et 16). 

L'6tude dynamique, bas6e sur l'ajustement des mod81es des distributions 
d'abondances par Ia mesure de Ia distance de HELLINGER, nous permet de tirer les 

conclusions suivantes quant !! !'evolution de Ia florule algale dans ce secteur nord de 
l'Adriatique. 

A !'ouest, ce soot surtout les Oiatom~es et parmi elles plus particuli~r~
ment RhJzosolenia alata et Rhizosolenia fragilissima qui tendent e coloniser Je bioto~·e 
ce qui entreine une perturbation de l'l!cosys·U:l·me et une baisse de Ia diversit~. Cette 

tendance est frein~e 8 I' est per le d~veloppement des aut res phytoplanctontes not am ment, 
les Oinoflagell~s et les Coccolithophorid6s. C eux-ci deviennent plus frequents et plus 
diversifi!!s au fur et b mesure que !'on s'approche de Ia cOte yougoslave. En m!me temps, 

Ia competition intersp~cifique s'att.;nue ce qui permet l'!!penouissement et Ia coexistence 

de nombreuses esp~ces, lesquelles vont tendre vers le stade d'l!quilibre, l!quilibre atteint 
en g~n!!ral dans les eaux centrales et orientales. 

Ainsi, d'ouest en est, Jes peuplements phytoplanctoniques ant tendance 
h atteindre leur maturitl!i c'est-f:l-dire une complexit.; crolssante de leur organisation. 

Cec.i n'est rendu possible que grAce 11 l'~panouissement de divers groupes et organis

mes de Ia florule algale. La stabilite qui augmente corrl!lativement avec l'~volution 
du systl!me algal, provient d'une rl!sistance ~;roissante, Jaquelle semble !tre Ja base m!nie 

de la strategie successionnelle dont le but est d'aboutir 11 des structures invulnCrables 
aux diverses egressions du milieu environnant. Tout se passe com me si l'~volution era is

sante du syst~me cree une certaine harmonie et une cohthion entre esp~ces grAce b 

!'importance des mecanismes blor~gulateurs qui contrOient Ia circulatl.on des el6ments 
nutritifs et amortissent les fluctuations et les perturbations d'origine externe. 

les quatre modl!:les (MOTOMURA, MAC ARTHUR, PRESTON et MANDEL
BR OT) utilises ne sent pas des constructions mathl!metiques abstraltes. lis permettent 

de caracteriser les profils d'abondences, d'avoir une image des positions respectives 

des espl!ces les unes par rapport sux autres et d'en dCduire done le degr6 d'organisation 
du oeuplement. 
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P-14 
Tuscan Northern Tyrrhenian microzooplankton 

Autumn 1986 

Serena FONDA UMANI, Marina MONTI and Sergio SICHENZE 

Department of Biology, University of Trieste, Trieste {Italy) 

During a cruise in the northern area of Tuscan Tyrrhenian Sea 

( fig.l) in the autumn 1986 we have sampled with a Niskin bottle 5 1 of 

water at 33 stations (at three depths) to study microzooplankton popu

lations. 

Taxonomical analysis were carried out on the 

entire sample after filtration (on 20 pm mesh 

size net) and sedimentation, by using an in
verted microscope (Utermohl method, 1958) a 

Microzooplankton populations in the who

le area are dominated by Tintinnids, present 
with 74 taxa (67 species and 7 genera). 20 

species are collected at every depht, among 

these Dadayella ganimedes, Salpin~ella rotun= 

;;;~!~~~~~~~~~~~~:l~~;~:~~!~~~~~~~i;~~~~~~~~; 
are only superficial (the more abundant is 

u.__--;;r--:--:---~---J !'.~l.El!'.£!'.l!~-£l!!..".~!'.!:!.:'o!!.£!'.£l• among the 8 inter 
mediate 1 to 100 m dephts) Eutintinnus radix, Tintinnopsis lo-

£!!:~~£! and !X~£!!~.!!~_!£!!i!£~~~~!i-~;;-:id;l;-;;;;;d7--;t-l;;t-14-;-;=; 
to be found deeper than 100 m ( mostly ~.".~!l..:'o!:'..£~£!!:!!'.!!~-!!:!l!l.~.:'ol!'.!'.l!!:!~ and 

!3.~.-!.El!'.£!'.!!~--"-~£.:'o~) • 
Copepods nauplius and little· copepodi ts are often present in 

large number and are the more abundant larval stages of Metazoa, while 

Ciliates other than Tintinnids are very scarsely present in high den

sity near the coast. Other Protozoa are almost absent. 
Density values range from a minimum of 3 at a maximum of 298 spe

cimens • dmc, generally speaking the higher values are found at inter

mediate layers and in the central area of the sampling rectangle. 
Basing on the Tintinnids populations we have separated the 

pling stations in homogeneus groups by using an ordination method 
(clustering analysis on a distance matrix (option chord) (Lagonegro 

and Feoli, 1985). For every layer ( 0 m , 1 - 49 m, 50 - 100 m and 

100 m) we find particular disposition of the sampled stations: 
surface (fig.2) - 4 groups: the first (st.10, 22, 46, 75, 77, 49 

and 69) are strictly neritic, the second (st. 7, 25, 71, 30, 17, 26, 

55, 89 and 48) has untill neritic characters, the third (st. 4, 12, 

65, 40 and 81) with open waters characters and the fourth (st. 1, 42, 

53, 21, 93, 14, 32, 34, 35, 74, 8 and 57) with "oceanic" characters .. 
1-49m (fig. 3)- 2 groups: the first, homogeneus, with open waters 

characters (st. 14, 26, 74, 42, 49 b, 30, 32, 40), the second, less 
homogeneus, more neritic (st.7, 48, 8, 34, 17, 25, 21, 10 and 22), it 
is impossible to associated the station 49 a to any groups. 

50 - 99 m (fig. 4) - the dissimilarity is very high, we can recognized 

only a good association among the neritic stations 4, 10, 7, 26 and 
74; the other three groups identify the remaining stations whi th less 
neritic characters. 

?: 100 m (fig. 5) - 2 groups, the first with stritcly conn .. ctions among 

the stations (42, 46, 55, 75 and 89) and other four groups with 
11 oceanic" characters (st. 1, 57, 77,40 and 93; 65, 81 and 71; 4 and 
53; 12, 69 and 35) 

At any rate, we can individuate three distinct areas: the first, 
comprising stations 7, 10, 22, 25, 46, 48 and 89 associated at each 
layers at neritic characters, the second (st .. 1, 12, 14, 35, 40, 53, 
57, 65, 81 and 93) with more oceanic characters, and, at last, the 
third that is constituted by remaining stations, wich belong to the 
central area of the sampling rectangle (except st. 17). They are grou

ped in a different way at each layers and that consequently we can 

consider "intermediate" with regards to their Tintinnids populations. 
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P-Is 
Les Cllles planctoniques dans les eaux c6th~res Llbanaises 

(Medlterranee orientale) 

Marie ABBOUD-ABI SAAB et Marie-Theresa KASSAB 

Centre de Recherches Marines, CNRS, B.P. 123, Jounieh (Liban) 

SWIIIIIarys Quantitative observations of' planctonic Ciliates were carried 
out in the Lebanese coastal waters during 1987, at the sur:face water 
(Uterm8hl 1 e method). We note the presence of' an annual cycle with a 
maximum density in April.-June. The annual. means of' all the Cil.iates are 
estimated around 763 (Amplitude=157-2530) and 660 (Amplitude=102-3404) 
animals per liter successivel.y at two stations. 

Introductions Lea Cilies constituent un important maillon dans lea 
chafnes trophiques marines et d' apree l.es etudes anterieures de di:f
:ferents groupes planctoniques dans l.a region, couvrant un cycl.e annual. 
o* durant la poussee print ani ere ( Abboud-Abi Saab, 1 985; 1 986) , ces 
Ciliee sont assez :frequents dane le milieu et leur densite varie selon 
lee saisons de 1' annee et surtout sel.on lea methodes d. echantill.onnage. 
Lea plus grandee densites sont notees dans l.ee niveaux super:ficiels. 
Des travaux recent a ont mi. a 1 1 accent sur l.a nutrition de ces protistes 
et leur r&le dans 1' epuration de 1' ecosystems neritique (Raseoulzadegan, 
1982; Dive, 1973). Ce travail presente lee variations saieonnieree de 
de di:ff'erents Ciliee dans une zone c&tiere. 

Materiel et Methodees Lea Cil.ies ont ete denombres mensuel.l.ement en 
sur:f'ace durant l'ann6e 1987 dane lea echantil.l.ons d'eau de 1 litre,sur 
deux stations, situees dane la baie de Jouniehs JO (a environ 40m du 
rivage par 5m de :fond) et Jl au centre de la baie {a 2 km du rivage par 
150m de f'ond) .Lea echantill.ons d'eau, destines a 1' etude microscopique 
ont ate :fixes itlllll8diatement au l.ugol et l.e comptage a ete f'ait suivant 
la methode d'Utermohl ( 1958) apres sedimentation de plusieurs jours. 

Resul tate et Discussions Lee echantillons. d • eau analyses ont montre que 
la tota1it4i dee Cili4ie recencee appartenait a l'ordre dee Oligotrichida 
e~~globant des espeoes dee eoue-ordrees Oligotri..china et TintinninaJ 
dane lea deW< stations, lee premiere sont souvent dominae par des f'ormee 
de petite taille (20-30um) de determination delicate. L'etude des 
echantillone de :filet a montre la presence de Ciliae Peritrichee durant 
certaines periodes de 1 1 annees Vorticella~ Zaccharias, rencontre 
en epiphyte sur Chaetoceros coarcatum Lauder qui est commun en automne; 
Zoothamnium pelagicum Du Plessis, rencontre entre novembre et decembre 
en colonies ayant jusqu'a 100 zo!dee pedoncules. 

L'analyee quantitative des Ciliee a montre la presence d 1 un cycle 
annuel (Fig.1). Lee plus grandee deneitae de populations s'obeervent 
entre avril et juin avec un maximum en mai a JO et en juin a Jl; tandis 
qu'une legere augmentation de deneite est observes en octobre a Jl, un 
autre maximum aeeez important eat note en novembre a JO, Le mi.niiiiUIII 
annual est note en mare dans lee 2 stations et un autre en eeptembre a 
JO, Lee moyennee annuellee et d'autres resultate :figurent dane le 
tableau I. Cee reeul tats, comparee a ceux d • autre a travaux en Medi ter
ranee occidentale (Margalef', 19681 Rasaoul.zadegan, 1977) sont tree 
f'aibles, En considerant lee Cilies totaux, on constate que la station 
JO,situee a proximi.te imaediate tie la c&te eat pl.us riche que Jl, un 
peu pl.ue el.oigneeJ ceci est vrai aussi pour l.es Tintinninar mais ces 
dif'f'arencee ne sont pas statistiquement eignif'icatives (Test de Student). 
Lea Oligotrichina ont l.a m&me distribution aux deux stations. 

Lee 1110yennee dee pourcentages des Tintinnina par rapport a 1 1 en-

Groups Station Moyenne Ampl.itude Eo art Coef'. de 
ou Taxa (n = 12) (Individu/1) type variatioll 

Ordre JO 763 15n ~eo .J-253()~ mai) 860 113 
Oligotrichid• J1 660 102 avri.1)-3405(juin 

Sous-ordre JO 494 1~~sept~)~228~~mai) 1680 138 
Oligotrichina Jl 492 42 mars) -244 5 juin 709 144 
Sous-ordre JO 269 ~~oct •} -1 38~~ juin 371 138 

l'rintinnina J1 166 8 avril.)- 960 juin 264 159 

Tabl.eau 1. Moyennes, Ampl.itudes, Ecarts-types et Coe:f:ficients de 
variations des Cil.iee Oligotrichida dans les eaux 
c&tieres l.ibanaises. 

semble des Cilies denombres sent rel.ativement elevees (42% a JO et 34% 
a J1) et pre sen tent des :fl.uctuations tres import antes ( 1 ,4 - 95% a JO 
et 1,6 - 86% a J1); compares a d'autres resultats en Mediterranee 
(Pa1au,1986), ces pourcentages sont el.eves.Ceci nous :fait penser a un 
r&le probable de la sal.inite, lea Oligotrichina sembl.ant 3tre :favorises 
dane l.es aires c&tieres dessalees; ceci n•est pas l.a cas dans notre mi
l.ieu de travail.; lee conditions nutritivee sont lee m3-s pour lee 2 
sous-ordres lesquels ont dee dimensions comparables et peuvent consti
tuer la nourriture pour lee m3mes consommateurs et subir le m3me ef'f'et 
de grazing, 

Il serai t indispensable de mettre 1 1 accent sur lee f'acteurs qui 
regis sent la nature et 1' abondanoe dee Cil.ies a.insi que leur r&le dans 
la. cha.tne alimentaire comme intermediaire entre lee microf'l.agelles et 
lea 011111ivores d' aut ant que dans ces eaux oligotrophes, l.e nombre des 
maillons de l.a chatne alimentaire risque d 1 3tre eleve a.insi que la 
perte en transf'ert d' energie. 

(,:: ® ;\ :=~ 
3000 

1000 

i j' 
100~~?-~~-r~~?-~~~100 

.I • M A M .I .I 

Fig, 1. Variations aa.isonnieres des 
Cilies dans lea eaux libanaises. 

a• Oliifotrichida( Oligo trichina + 
Tintinnina). 

-Jo 
•..•..• J1 

b• Oligotrichina. 
10._~~~,-~~-r~T-~~ , ..... , ...... 
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Annual variations in the phytoplankton populations 
of the Northern Clliclan Basin 

INTRODUCTION 

Ahmet Erkan KIDEYS, Ali Cemal GUCU, Ferit BINGEL and Mustafa UNSAL 

Middle East Technical University, Institute of Marine Sciences, 
P.O.Box 28, 33731 Erdemli, leal (Turkey) 

Information regarding the phytoplankton of the Northern Cilician Basin is scarce 
(UNSAL~ 1970a,b, GOKALP; 1972), most of the existing s-rudies in the Eastern 
Mediterranean Sea being restricted to the coastal waters of Libya (TUFAIL; 1981), 
Egypt (EL-MAGHRABY and HALIM; 1965), Israel (KIMOR and WOOD; 1975, AZOV; 1986), and 
Lebanon (ABBOUD-ABI SAAB; 1985). It is the aim of our study to present an analysis of 
phytoplankton for this area of the Hediterranean extended to a complete annual cycle. 

MATERIAL and ~lETHOD 

Phytoplankton samples were taken monthly, from November 1984 through October 1985, 
with a standard net of 55 ;.un mesh size, towing vertically from a depth of 75 meters 
to the surface. The material was collected from a station with a denth of 100 m, 
located approximately 3.5 nautical miles offshore, in the western part of Mersin Bay 
(3603l'N-34018'E). The samples were fixed immediately with formaldehyde solution (4%) 
and examined under the inverted microscope using a Palmer-Maloney chamber~ 

RESULTS and DISCUSSION 

A total of 35 genera including 126 species and varieties ( 70 diatoms and 56 
dinoflagellates) were identified throughout the sampling period. Only two species, 
Hemiaulus hauckii and Rhizosolenia calcaravis appeared throughout the whole year (12 
months) .. Other most frequently present species in our samples were Rhizosolenia alata 
(11 months), Ceratium horridum (ll months), Chaetoceros affin1s (10 months), 
Thalassiothrix ~ld~months), Thalassiothrix medi~a (9 months), 
Ceratium ~ (8 months) and Chaetoceros decip1ens (8 months). 

In the present study, the diatoms were found to be dominant both in terms of absolute 
abundance and in nwnber of species for most of the year, while the dinoflagellates 
were dominant in species in June and July. In earlier studies, EL-MAGHRABY and HALIM 
(1965) found the similar results, except that the number of diatom species was lower 
than that of dinoflagellates only in June, being higher during the rest of the year. 
ABBOUD-ABI SAAB (1985) observed that the diatoms were predominant in cell density 
while the dinoflagellates were richer in number of species. 

Diatoms were represented mainly by Chaetoceros and Rhizosolenia species. Chaetoceros 
were represented by 19 species and constituted 92 >o of all diatom individuals. 
Rhizosolenia was also important in species number being represented by 15 species. 
However, it was less important in cell number and contributed only 1~ 3 % to diatom 
abundance. On the other hand, during the time the study was carried out, the Ceratium 
genus (with a total of 34 species) was dominating through dinoflagellates. Similar 
results were found by EL-MAGHRABY and HALIM ( 1965) in Alexandria waters, by 
IGNATIADES ( 1969) in Saronicos Bay, by ABBOUD-ABI SAAB ( 1985) off Lebanon coast and 
by AZOV ( 1986) off Israeli coast. Chaetoceros and Rhizosolenia species appeared to be 
abundant generally during the cold seasons (September to May). ABBOUD-ABI SAAB (1985) 
who has studied qualitatively and quantitatively the phytoplankton of the coastal 
waters of Lebanon found that Chaetoceros and Rhizosolenia were the most important 
genera of diatoms being represented by 33 and 16 species, respectively. AZOV (1986) 

showed that the diatoms were dominant species in neritic region of the oligotrophic 
waters of the Levant Basin. Also he confirmed the most abundant diatoms were 
Chaetoceros, Coscinorliscus and Rhizosolenia spp. 
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A comparative study of phytoplankton In S. Aegean, 
Levantlne and Ionian Seas during March-April 1986 

K. PAGOU and 0 GOTSIS-SKRETAS 

National Centre for Marine Research, Aghios Kosmas, 16604 Hellinikon (Greece) 

Abstract. 
~ present investigation represents an attempt to study and compare 
phytoplankton populations from S. Aegean, Levantine and Ionian seas. 

Sampling in the above mentioned areas (13 stations) was performed during 
March - April 1986. Water samples were collected from the upper 200m of the 
water colunn, preserved with Lugol solution and counted in &ll inverted 
microscope. 

The dominant phytoplankton species from the examined areas are presented in 
table 1, while dominance indices for each sample (table 2) were calculated 
according to McNaughton fornula ( 1967). Also phytoplankton species abundances 
were analysed by the truncated log - nornBl distribution (Cohen, 1959; Cassie, 

TABLE 1. Dominant species in 
Aegean, Ionian and Levantine 
Sea (in alphabetical order) 

TABLE 2. Dominant species (as indicated in 
table 1) and doninance index (o) in Aegean, 
Levantine and Ionian Sea. 

l.Bacteriastrum delicatulum 
3. Chaetoceros affini s 
3.Chaetoceros decipiens 
4. Chaetoceros sp. 
B.ChiloiiDnas 118rina 
6.Coccoli thus fragilis 
7 .Coccoli thus leptoporus 
8. Cooco li thus pe lag i cus 
9.Coccolithus sp. 

lO.CryptOIIDn&S sp. 
ll.Cyclotella sp. 
l2.Emiliania hux1eyi 
l3.Exuviaella hal tica 
14 .GYHilodinium pygmeum 
lB.GYHilodinium sp. 
l6.GYHilodinium variabile 
17 .Gyrodinium pingue 
l8.Nitllschia c1osterium 
19 .Nitzschia seriata 
20.0xytoxum variabile 
2l.Peridinium sp. 
22.Rhizosolenia delioatula 
23.Sorippsiella trochoidea 
24.Synedra sp. 
25. Syracosphaera IIIBdi terranea 
26. Thalassiothr i x frauenfeldii 

AEGEAN SEA 

St. Depth 
(m) 

0 
13 50 

200 

50 

52 

10 
68 50 

75 

72 

Dom.sp. o 

18, 3 43 
18,19 62 
22, 7 28 

26,25 50 

26, 8 42 

5, 6 47 
2,18 33 
4,18 40 

13,26 42 

1962; Bliss; 1967) which provided a reasonable fit 
to the data as indicated by the X~ distribution 
(table 3). Finally a diversity index based on the 
log - nor118l par&IIIBters (table :n was estill8ted 
(IMden, 1971). 

LEVANTINE SEA 

St. Depth 
(m) 

0 
!I 

58 10 
20 
50 

0 
56 50 

0 
50 

76 100 
200 

Dom.sp. o 

24,26 65 
26,24 39 
26,21 49 
19,26 35 
24,26 37 

12. 9 :n 
12. 8 34 

15,12 31 
1!1,12 34 
17,12 22 
12. 1 25 

IONIAN SEA 

St. Depth Dom.sp. o 
(m) 

0 
86 50 

200 

85 

0 
83 50 

84 

23,12 19 
10,14 40 
11,10 37 

10,16 38 

9,14 59 
14,20 31 

10,14 2!1 

Low values for phytoplankton abundances (from 82 12,23 25 
1400 oells/l.st.76,200m to 25720 cells/!. st.58,0m --------------------
both in the Levantine sea) and dominance indices (table 2) were recorded in all 
areas defining their oligotrophic character. Another interesting feature is 
that diatoms predominated in S. Aegean, dinoflagellates in Ionian and 
coooollthophores in Levantine sea. 

High values of phytoplankton populations• diversities were esti~mted for 
all samples, while higher values of a (table 3) that have been recorded at the 
upper layers of stations 13 (Aegean sea). 58 (Levantine sea) and 86 (N. Ionian 
sea) might be attributed to fluctuating conditions of the envirolliiiBnt 
<Georgopoulos et al. 1986; Theocharis et al. 1986a,b, 1987). 
--------------------------------------------------------------------------------
TABLE :l.Lognorlll!.l distribution parameters of phytoplankton species concentration 
in Aegean, Levantine and Ionian seas. 

St · Depth N ~EAN S, rr2 D" df X2. St. Depth N 1J IONIAN ~EA a2. D" df X'L 
(m) (m) 

0 25 I. 7 0. 7 42 0. 5 5. 2 3 0. 8 0 33 2.3 0.6 37 0.3 !1.1 6 20.6 
28 2.1 0.6 36 0.4 5.0 3 0.3 
21 2.1 0.5 25 0.3 4.5 3 7.0 
27 2.4 0.4 28 0.2 4.7 3 5.8 
27 2.3 0.!1 28 0.3 4.7 4 9.0 

13 50 24 I. 1 0. 9 85 0. 8 6. 2 4 3. 4 !I 
200 29 1.8 0.5 42 0.3 !1.2 2 4.3 58 10 

50 21 2.1 0.6 26 0.4 4.6 4 5.3 

!12 26 2.0 0.6 32 0.3 4.9 4 9.1 

10 21 2.1 0.5 23 0.3 4 .. 5 3 3.8 
56 

20 
50 

0 
50 

Ill 2.3 0.4 15 0.1 3.9 10 10.!1 
22 2.1 0.3 22 0.1 4.!1 3 7.4 

68 50 17 2.2 0.4 18 0.1 4.1 2 2.5 0 26 2.1 0.6 37 0.3 !1.1 5 2.5 
7!1 14 2.5 0.5 15 0.2 3.9 2 3.7 50 37 1.9 0.7 4!1 0.5 !1.6 7 10.!1 

72 13 2.0 0.6 18 0.4 4.0 4 5.5 
76 

;~~ ~i ~:~ ~:: ~~ ~:~ ::~ ~ ~:: 
--------------------------------------------------------------------------------

IONIAN SEA 
St. Depth N 11 if a"l. D'' df X2 

(m) 

0 23 2.2 0.5 27 0.3 4.6 4 11.3 
86 50 32 1.8 0.9 51 0.8 5.4 5 9.6 

200 15 1.8 0.5 20 0.3 4.2 2 1.0 

85 18 1.9 0.5 2!1 0.3 4.6 5 5.0 

0 15 1.1 0.7 60 0.5 5.7 2 1.7 
83 50 25 I. 9 0. 5 35 0. 2 !1. 1 2 2. l 

84 26 2.3 0.4 27 0.2 4.7 5 6.9 

82 19 1.9 0.4 33 0.2 !1.0 2 3.3 

References. 

N:total nuniler of observed species, 
11 = log IIIBan abundances. a : log 
standard deviation, N: total nuniler 
of eipect_!!d species, a 2 : variance, 
D" = log N- 0.3466 *rr'l(diversity), 
df = degrees of freedom. 
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P-Is 
Sewage nutrient enrichment and phytoplankton ecology 

In the Pagassitikos Gulf (Greece) 

N. FRIUGOS and 0. GOTSIS.SKRET AS 

National Centre for Marine Research, Aghios Kosmas, 16604 Hellinikon (Greece) 

The abundance, species composition and taxonomic diversities of 

phytoplankton has been studied in relation to sewage pollution in the 

north Pagassitikos Gulf, Greece (Fig. 1). Surface water samples were 

collected from a series of stations in July 1987. Samples were preserv

ed, concentrated by settling, and the concentration of each species 

o:' phytoplankton enumerated in an inverted microscope. \·la-

ter samples from the vicinity of the major sewer outfalls {Stations 1, 

Table 1: Surface salinity(%J and nutrients 
( ).!g-at/1). 

7. 

8. 

34 ~ 6 0. 91 
0.42 

)7.0 

36.8 

1.15 

1.30 0.07 

0.08 1.18 

2.18 

1.70 

0.76 3.47 

0.08 2.56 

0.07 

Table 2: Taxonomic groups (cells x 103 /1). 

Numbers in parentheses are the % ratios. 

TaXooatic 
group. 

282 13.8 

{2.2) {13.2) (17.8) {12.9) {31.6) 

Dinoflagellates 106 

(97.7) (86.5) {74) {84) {66} 

Coccoli thophores o.a 4 

{0.2) (4.3) (3.1) (1.7} 

Silicoflagellates _ 

Total microplanktoo 12427 

J..t flagellates 

2 and 3) showed very high con

centrations of nutrients, great

er total concentration of phyto

plankton, and a lower taxonomic 

diversity than samples remote 

from outfalls (Tables 1, 2 & 3) • 

Phytoplankton abundance and 

taxonomic diversity depend upon 

the supply of nutrients in na

tural waters, where abundance 

increases and diversity decrea

ses with increasing nutrient 

concentrations {Table 4) in the 

11.2 23.2 12.9 

{67.4) (36.7) (31.71 (43.6) •(50.5) (65.4) 

3.9 44.3 5.6 

(23.4) (62.31 (63.6) (51) (44) (28.4) 

1.5 0.6 3.3 1.2 

(9) (0.9) (4.7) (5.3) (5) (6) 

(0.6} 

Pagassitikos Gulf. A considerable variation in the occurrence of speci

es and dominance occurred along the nutrients gradients (Table 3). Di

noflageliates were dominant in polluted waters, while diatoms dominat

ed in cleaner waters {Table 2). From the dominance and relative distri

bution of the taxa along the nutrients gradient certain species of ~

mnodinium emerge as indicator species of red tide pollution. These chan

Table 3: Dominant species, dominance ( 6, 
McNaughton, 1967) and diversity (D, 
Margal€f, 1967) indiees. 

ges correspond to a typical degra

dation of a complex community to a 

Dominant •peeiea 

Gymnodinium ap. 

Gywmodiniwt •P· 
C.Chonia& aiei 

Caebonina aiei 

G)'1Dilodinium •P• 

Cachonina niei 

G,..nodl.niWII ap. 

G)"llmQdiDiWII ap. 

Chaetoceroa &t'finia 

lfit:nc:bia elo11t.eriue 

G)'wlodiniwa ap. 

Cachoninaniei 

Cac:honina. niei 

G,yanodinium ap. 

Ch&etoeero•aocia.lis 

G)"'llllldiniu.~ ap. 

G)"lllnodiniWlap. 

Cbaoto<:eroaaoci&.lia 

Ch&etoc:eroa aoeia.lia 

Sltel.etonema.coet&t\UII 

1.37 

73.4 1.87 

55.5 

51.2 2.28 

2,81 

Table 4: Significant linear-.correlation 
between biological and chemical 
parameters. 

Phyt.Opl.anktoo density Regresaioo eq.Jatirn 
oorrelatEd with : 

Fhosphate log Y • 2. 70X+4. 30 
Nitrite log Y •H.25X..,3.66 

Diven~ity of I*Jytoplanktal Regressioo equatirn 
correlated with: 

~te o .. -2.20X+2.60 
Nitrite D • -10.37X+3.0l 

Fig. 1. Sampling locations 

less mature state by the inflow of 

nutrient-rich sewage {eutrophication) 

in the north Pagassi tikos Gulf. 
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Correlaticn 
ooefficient 

0.87• Cn•9) 
0.88* (n•9) 

O,rrelatirn 
coefficient 

-e.ao• (n .. 9) 
-0.72••cn ... 9) 

• Significant at the 99\ lev£.1 .. si~ifjr.ant at the 9St level. 
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Fate and distribution of plankton In the Sea of Marmara 

Zahit UYSAL, Mustafa UNSAL and Ferit BINGEL 

Middle East Technical University, Institute of Marine Sciences, 
P.O.Box 28, 33731 Erdemli, lcel (Turkey) 

ABSTRACT 

In order to acquire a knowledge on the actual state and 
fate of marine plankton bimonthly water samples were 
collected from the Sea of Marmara, starting effectively 
in September 1985 till January 1987. 

INTRODUCTION 

There is a relative paucity of information concer-ning the 
composition and distribution of plankton in the near 
Bosphorus region. There exist some general background data 
on the phytoplankton species lists assembled by HRI <1974) 
for the Bosphorus region. 

MATERIAL and METHODS 

Plankton sampling was performed at 21 stations in the 
Bosphorus junction of the Sea of Marmara. Water samp1 es 
were call ected from three different depths <Surface, 10 
and 30 m) with the aid of Nan sen bot t 1 es and f i 1 tered on 
board through a net of 55 J..lm mesh size .. Fi 1 trates were 
then conserved using 4 % seawater-formalin solution. 
Enumeration and identification of planktonic organisms 
were made under an inverted microscope. 

RESULTS and DISCUSSION 

Remarkable variations both in the species composition and 
abundance of diatoms were observed throughout the 
research. Maximum diatom bloom observed in January 1986 
followed by a second but relatively weak one in late 
summer during the first year. With the extension of 
sampling period to January 1987 a third but less abundant 
bloom than the first one was observed in October 1986. 
Among the three different sampling depths 10 m formed the 
most abundant layer in terms of diatom dominancy. In case 
of 30 m depth 1 east abundant cells were found due to 
adverse affects emerging from the overlaying halocline. 

Centric diatoms were found to predominate over the 
pennates (e>:cept in January 1986> throughout the sampling 
period. Relatively high levels of nutrients in the 
euphotic zone in January 1986 <BASTURK et al., 1986> 
allowed pennates: predominate over centrics:. The marked 
reduction in phosphate (from 0.46 to 0.22 IJg-atlll 
occurred during January-March 1986 period associated with 
the concurrent diatom outburst. The relative contribution 
of centric diatoms to diatoms in general reached its 
ma>:imum <92.3 %> in September 1985 and decreased to 
minimum <47.6 %> at surface in January 1986. Almost 75.7 
% of the diatom species were found in their centric forms. 
Among the constants the two most important species were 
Nitzschia s:eriata CLEVE and Rhizos:olenia s:etigera BRIGHT. 
For the vernal-serotinal species ~sterionella bleakeleyi 
W.Sm., could be given. Among the serotinal species the 
major species were Rhizos:olenia fragilis:s:iaa BERGON and 
R. s:tyliforais BRIGHT. In case of hiemal species 
Rhizosolenia setigera and Nitzschia seriata wer-e found to 
be the most numerous and widely distributed species. In 
addition to the foregoing cl assi ficati on, Chaetoceros: 
affinis LAUD., Coscinodiscu.s central is EHR .. , and 
Rhizos:olenia s:tolterfothii PERAG., can be given among the 
autumnal species. 

Both the species richness D <Margalef's index) and 
species diversity H' (Shannon-Wiener diversity index> 
were found relatively high in March <2.30-3.06) and in 
October 1986 (2.23-2.97> whereas the proportional 
representation J <Pielou's evenness function) was found 
relatively low (0.96-0.91>. In contrast, besides lower 
values of D and H' !1.33-2.56) a higher value of J (1.11) 
was obtained in November 1985. 

Maximum levels of similarity were obtained in October 1986 
between the depths of Surface-10 m (Jacc. coeff. = 0. 8), 
10-30 m (Jacc. coeff. = 0.78) and surface-30m (Jacc. 
coeff. = 0.68>. This phenomenon is also observed within 
adjacent water masses formed by the Sea of Marmara, the 
Bay of Izmi t, Bosphorus and Golden Horn <UYSAL 1987). 

Significant positive correlations (both of the variables 
exhibiting similar trends) were observed between 
phytoplankton - zooplankton <P<C>.05l (as abundance>, 
phytoplankton - plankton dry-weight <P<O. 01), zooplankton 
- dry-weight, chlorophyll- dry-weight <P<0.05> and 
NO:z+NO"'- P-PO,. <P<0.01l. Negative correlations were also 
found between chlorophyll - P-PO.., <P<O.Oll and P.P04 -

humic matter <P<0.05l. In addition to these, highly 
significant <P<O.Oll negative correlations have been 
obtained for zooplankton !as abundance> versus P-P04 and 
NO:s+NO:z with depth. It is also observed that temperature, 
salinity and dissolved oxygen display a major role in the 
vertical distribution of zooplankton in the region. 
Significant correlations were also observed in this sense. 
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A multiple regression model to determine abundance 
of Diatoms In a polluted area (lzmlr Bay, Aegean Sea) 

TulanKORAY 

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

ABSTRACT: 

A density and nutrient based multiple regression model was developed to 

determine diatom abundance of polluted zones of Izmir Bay. The diatom abundance 

has been estimated by the model at 70 % success. 

INTRODUCTION : 

In pelagic ecosystems, variations in primary productivity basically depends on light, 

nutrients, water column stability and grazing by herbivores (BROWN and FIELD, 1986). 

However, when community structure of phytoplankters has begun to be affected 

negatively or positively by sewage and/or riverine inputs, the natural balance easily 

disappears. 

Diatoms, which constitute an important portion of primary productivity and have 

been represented with many members in the groups of micro- and nanoplankton, often 

reach excessive amounts in favourable circumstances such as rich nutrient resources 

of eutrophicated areas and may cause secondary pollution by sedimentation of blooming 

materials especially in shallow bays. In such cases, increases of biomass in water body 

usually built upon a couple of dominant species. Interestingly, this situation has supplied 

an adventage for determining the relationships between diatom quantity and water 

quality parameters that are more pronounced than oligotrophic areas. 

In the present study, the relationships between diatom biomass and physico

chemical parameters were investigated in a polluted area and a multiple regression 

model was developed to estimate the diatom abundance in certain conditions. 

MATERIAL AND METHODS : 

The samples examined were collected seasonally and vertically (down to 15 m., 

maximum depth of the sampling area) with a universal series water sampler from 

polluted zones of Inner bay between the years 1982-84 (FAO/UNEP,TR-7). 

Temperature, salinity, pH, secchi disc, dissolved oxygen were measured in situ. 

The nitrogenous nutrients, phosphorus and silica were determined through use of 

the methods of STRICKLAND and PARSONS (1972). 

Following species identifications and counts (CUPP,1943) product moment r and 

non-parametric Kendall's~ were estimated between cell counts and physico-chemicals. 

The multiple regression analyses were only applied to the parameters between which 

were found statistically significant relationships (SNEDECOR and COCHRAN,1967). 

Tablo I : The results of multiple regression analysis. 

i Ai 
1 -0.9217 
2 -0.6492 
3 -0.0221 

n= 100 
Y=1nDIA (cells/1) 
0(:37.3716 
SUCCESS= % 69.85 

6.4 9.4 12.4 15.4 
lnDIA(ccllsll) 

Figur.e 1: The relationship between 
observed and expected values (Y'= 
0. 708Y +3. 536;~:0.203). 

: 95 %C.I. teal Hl Xi 

0.2782 6.577 + SIGMA-t 
0.3074 4.192 + lnN/P (pg-at/1) 
0.0304 1.443 - Si (pg-at/1) 

a-Y= 2.230 R1 =0.708 
a-Y~ 1.230 ttab ( 96 df)= 1. 985 

Fcal(reg)= 77.447 Ftab (reg)~ 2. 7 
Fcal (R1 )= 57.481 Ftab (R' )= 2.46 

RESULT AND DISCUSSION : 

Four minute diatom species, Nitzschia closterium 

(Ehrenberg) W.Smith, Leptocylindrus minimus 

Gran, Phaeodactylum tricornutum Bohlin and 

Thalassiosira rotula Meunier have played major 

role in the total biomass of diatoms at the 

polluted zones of Izmir Bay. 

As summarized in Table I, there exist 

statistically significant linear relationships 

between treated nutrients, density and diatom 

quantity. In the model, o-- t' N/P and· Si (may 

be neglected} rmty represent diatom abundance 

in the environment with 70 % success. The 

rest portion of 30 % most probably has changed with grazing by zooplankton and other 

unknown effects of pollution on the biota. 

In Fig.1, deviations between observed and expected values to be obtained by the 

function of In (Diatoms-cell/1)=-0.9217 t:!-' t-0.6492 In (N/P)+0.0221 Si+37.3716 are 

plotted. 
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P-Ill 
Sur Ia repartition quantitative du phytoplancton 

dans les eaux du littoral roumaln de Ia mer Noire, 
dans les conditions de ses massifs developpements estivaux 

Nioolae BODEANU 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

La cartographie des quantittis de phytoplancton pendant la ptiriode des poussties 
estivales des dernieres annties (1984-1Y87) met en evidence de grandes densittis et bio
masses dans toutes les zones du littoral roumain, suptirieures surtout aux endroits ou a 
lieu soit un corrtact modtirti entre les eaux de mer et continentales, soit un intense impact 
anthropique direct sur le milieu pontique (fig. 1 ). 

Un inttiret particulier revient au mode de distribution du phytoplancton dans 1' es
pace du littoral roumain durant la ptiriode immtidiatement anttirieure au dtiveloppement d• un 
phiinomene de floraison dans les eaux cotieres de Constantza, oll la dynamique des proces
sus est so us notre observations permanente. La carte de rtipartition (fig. 1 A) met en reli
ef la prtisence dans les secteurs de Portitza et Chituc, surtout a environ 1 5 milles a l' est 
de Portitza, de certaines quantittis d' algues accrues par rapport aux autres secteurs. 1, 
cet endroit, le 10 jui~let 1984, la densitii et la biomasse du phytoplancton total (13,4 x 10 
cen.c1 ' 113,5 g.m- 3) titaient nettement suptirieures aux valeurs enregistrties a unl dis
tance de 40 milles vers le sud-est, dans les eaux de Constantza (41 x 10

4 
ce11.1- , 2,3 

g.m-3); les especes florissantes Prorocentrum cordatum et Cerataulina pelagica rtiali
saient leurs maximums pour la ptiriode respective au meme endroit du secteur. Portitza 
(1 ,3 X 106 et 4,5 X 106 cell.l-1 ,comparativement a seulement 10 X 103 et 12 X 103 cell.r1 

a Constantza).Apres a peine trois jours pour Prorocentrum et quatre jours pour Ceratau
lina, les valeurs enregistrties le 10 juillet a Portitza titaient dtipassties dans les eaux de 
Constantza, les d~veloppements des especes mentionn~es prenant, ici aussi, le cours de 
la floraison. 

Les donnties prtisentties suggerent que le foyer (ou 1' un des foyers) d• initiation 
de la floraison de juillet 1984, se situe devant Portitza, ou les friiquentes diminutions de 
la salinitti de surface (de 15-16 a 9-11~),ainsi que les difftirences entre les valeurs des 
difftirents horizons bathym6triques (presque 18%o ~ 5-10 m) ont un effet stimulant pour le 
dtiveloppement algal{3 ). De puis cette zone d • influence danubienne - exerc6e par le courant 
cyclonal nord-sud, mais aussi par les ticoulements du complexe lagunaire Razelm-Sinoe 
ou dtibouche toujours le Danube -, les masses d' eaux dessal6es et chaudes, riches en phy
toplancton, ont 6t6 pouss6es par les vents pr6dominants du nord et du nord-est vers la 
c3te de Constantza, au voisinage de laquelle les oeuplements d 1 algues florissantes se 
sont dtivelopptis aux d6pens du stock'. important de uutrients. 

La partie centrale du littoral roumain , comprenant les secteurs soumis a une des
salure mod6r6e - Portitza et Chituc - apparal:t sur plusieurs cartes de r6partition du 
phytoplancton comme 1' une des zones les plus riches en algues de notre c<i'te (fig. 1 A - D). 
L• une des raisons majeures li6es ace fait 6tant la diminution de la salinitti, notons que, 
comme nous l•avons dtija constatti (3), de nombreuses espikes marines et saumatres, par
ticulierement euryhalines, se dtivelOppent normalement dans les secteurs affecttis par la 
dessalure, etant meme int6nstiment stimulties par ces conditions halines. Ce fait a 6tti ob
servti par d • autres auteurs, dans d • autres zones marines semblables ( 1 , 4 ). Dans le cas 
des especes qui vivent en mer Noire, cette caracttiristique a titti accenlutie par les longs 
processus d• adaptation et stilection ala condition gtintirale de salinitti relluite, processus 
auxquels ont titti soumises les algues planctoniques des leur p.l;ntitration dans le bassin 
pontique, apres la rupture du seuil bosphorique (3). 

On remarque aussi que les temp6ratures ~evties de la couche superficielle sau
matre sont stimulantes pour les especes estivales '1' apport important d' tilements nutritifs 
terrigenes assurant le bon dtiveloppement des algues. 

Prticisons cependant que les secteurs dessaltis a.itutis directement au voisinage des 
embouchures du Danube n' ont pas les memes caracttiristiques car ces aires, malgrli leur 
richesse en nutrients,ne sont pas les plus riches en phytoplancton.Les grandes quantittis 
d' tiltiments solides apporttis par les eaux fluviales' par leur r6le traumatisant et leur role 
d• ticran pour la lumiere, ont un effet destructif sur la microflore (2); de meme les salini
tfs,qui dans le proche voisinage des embouchures du Danube tombent quelque-fois au-des
sous de 2-5%o, sont trop faibles pour permettre un bon dtiveloppement des formes marines. 

Un autre secteur favorable au dtiveloppement maximal du phytoplancton est 1• ti
troite zone situtie a 2-5 milles pres de la cote de Constantza; ce secteur est fortement sot>
mis a 1' influence anthropique li6e au voisinage urbain, portuaire et industrial (fig. 1 B-D). 
Comparativement aux quantittis de phytoplancton du sud de Constantza (et, bien sllr, du 
large), celles-ci sont nettement suptirieures, ce qui concorde avec la teneur suptirieure 
en nitrates et phosphates de 1 • eau de mer. 

[Jo,1 x 10
6
cel.C

1 

~ o, 1 - 1 x 10
6
cel.C

1 

fa 1 - 3 x 10
6
ce1.C

1 

lliiiJ 3- 5 x 10
6
ce1.1-

1 

II 5- 10 x 10
6

ce1.1-
1 

.10 x 10
6
cel.C

1 

Fig. 1 - Distribution des valeurs de densitti numtirique pendant les ptiriodes 
3-11.VII.1984(A), 8-19.V.1986(B}, 3-8.VII.1986 (C) et 17-30.VII.1987(D). 

En rtisumti, l'titude de la repartition du phytoplancton de surface a permis d•obser
ver de grandes quantittis sur toute I• ~tendue du littoral roumain. Ces valeurs sont gtintira
lement 1es plus iilevties dans la zone Portitza- Chituc jusqu•a environ 15 milles de la cote 
(effet stimulant des diminutions de salinitti et des augmentations de temptiratures favoristi 
par le contact modtirti entre les eaux pontiques et continentales) et aussi dans la zone de 
Constantza, jusqu' a 2-5 milles de 1a c~te (intense influence anthropique aboutissant a de 
grands stocks de nutrients). 

En ce qui concerne la rtipartition verticale du phytoplancton pendant les ptiriodes 
de dtiveloppemnt massif estival, les quantit~s maxlmales se trouvent dans les couches 
supperficielles, les difflirences entre les densitiis numtiriques (cen.r-1) du niveau 0 m et 
celles plus profondes pouvant ~tre de 1-2 ordres de grandeur. La masse algale dense,pro
duite ala surface constit.ue elle-~me, par 1• effet d• ticran, le facteur limitatif majeur du 
dlivelopperilent algal en profondeur. 
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P-112 
Sur le role des poussees de fevrler-avril 

dans Ia dynamlque multlannuelle du phytoplancton 
du littoral roumaln de Ia mer Noire 

Nioolae BODEANU et Anca ROBAN 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

En raison des fluctuations des facteurs du milieu, le phytoplancton du littoral ron
main subit d• amples variations quantitatives, d' une auntie a l' autre. On note des diffli
rences de densit6s, de biomasses globales, d' amplitude des oscillations des parametres 
respectifs et des moments ou celles-ci se rt!alisent. On note aussi des difftirences entre 
les nombres des pouss~es et Ies mois oU elles se produisent. Enfin, le maximum annuel 
ne se produit pas toujours a la meme saison. 

L' analyse de plus de 2000 tichantillons de phytopla~cton, prtilevtis m~nsuel~ement 
en 1972-1973 et 1975-1980 a l'est de Constantza (cinq stations permanente<: Sltuties a une 
distance de 1 a 30 mUles de la cote), montre que les maximums annuels se sont produits 
pendant trois ans en f6vrier-avril, pendant trois autres annties en juin-aout, et au cours 
des deux autres annties en septembre-octobre. Les maximums annuels enregistrtis en fii
vrier-avril ont titti suptirieurs a ceux des autres saisons. 

La masse alga1e produite en f6vrier-avril est formtie principalement de diatomties 
de petites tailles (Sceletonema, Chaetoceros, Detonula), capables de proliftirer en condi
tions de temptirature et lumiere rtduites et de profiter au maximum pendant la ptiriode don
nile des maxima annuels de nutrients, rtialisant, dans toute l' iipaisseur de la couche d' eau, 
les pouss6es les plus persistantes de l' ,._nntie. La duriie prolongtie de ces premieres pons
sties del' anntie (pratiquement ininterrompue de ftivrier a avril et quelquefois jusqu' en 
mai, comme en 1980), ainsi que leur extension en profondeur, contribuent au fait que la 
masse algale produite au cours des dtiveloppements respectifs ait un r~le important sur 
les niveaux des quantittis annuelles de phytoplancton. C• est la raison pour laquelle 1 1' am
pleur des poussties de ftivrier-avril se reflete plus ou moins sur la valeur des moyennes 
annuelles du phytoplancton (fig. 1 ). Ce fait a titti observti aussi :sur 1e littoral ;J:>ulgare de 

" I 

lamer~). , 
L• iffiportance des poussties de ftivrier-avril suggere 

que les variations quantitatives du phytoplancton total, 
d' une ann tie a l' autre' dtipendent en grande partie du ni
veau de ces poussties. Par constiquent, pour le deterrili.
nisme de 1 • tivolution quantitative annuelle et multiannuelle 
du phytoplancton, l' important est la connaissance des cau
ses majeures pour lesquelles les poussties respectives dif
ferent en ampleur au cours des annties. 

Dans la stirie des facteurs du milieu qui agissent sur 
la production primaire, ce qui attire 1' attention c' est la 
prtisence, pendant la saison froide, d' un facteur destruc
tif de 1' algoClore: intenses tempE!tes d• hiver, dont la durtie 
emp~che le maintien d' un dtiroulement intensif du dtivelop-
pement, tant par le transport des cellules algales vers le 

- All!' fond, que par leur destruction mticanique sous l' action des 
Fig. 1 -Dynamique des rap- substances mintirales en mouvement. On s' attend done, 
ports entre les biomasses mo- pendant les hlvers a fortes temPetes, ace que les poussties 
yennes de fevrier-avril(a)et de rtivrier-avril soient plus rtiduites qu' en conditions plus 
les biomasses moyennes an- calmes. 

bJlelles {b). On a regroupti les annties en deux cattigories selon la 
duree des vents de vitesse minimale de 13 m/s: moins de 5 jours pendant 1' intervalle dti
cembre-mars, ou de 8 ~ 13 jours. En analysant ces catiigories d' ann ties par rapport aux 
principales donnties quantitatives du phytoplancton (tableau 1 ), on constate que, pendant 
les annties ou les hlvers ont des tempE!te.s de courte durtie, les maximums annuels sont en
registrtis en flivrie~r-avril; c• est au cours de ces m~mes annties que se produisent aussi 
les plus grandes quantittis annuelles d' algues planctoniques. 

Groupe des 
ann ties 

Mois des poussties Densitti (1000 cell.l-i) Biomasse (mg.m-3) 
Maximum Autres Pousstie de Moyenne Pousstie de !,; Wlo-

Annties annuel pous- printemps annuelle printemps yenne 
sties (moyenne (moyenne annuelle 

mensuelle) mensuelle) 

Annties avec hivers 1976 III VI,XI 6874 1203 11920 2787 
~ temp~tes de courte 1977 II IV,IX 2554 531 9610 2302 
durtie 1980 IV-Y VIII 11192 1295 15870 3848 
Annties avec hivers 1972 VIII-IX III 1021 408 5995 1231 
a temp~tes de 1Y73 VI II 268 1b1 517 400 
longue< durtie 1Y75 VI TII,IX 601 419 5581 1124 

1978 IX IV, VI, XII 289 142 4274 1421 

=- ~ 1979 -=~ __ IV ----~Qll ___ _]JJ==~ 28I!!_~ 860 

Certes, pour les valeurs annuelles des quantittis de phytoplancton les pousstiea 
d• tit6, ui m~me celles d• automne, ne sont point ntigligeables, les rloraisons estivales des 
ptiridiniens et d' autres flagelltis de la couche superficielle titant extrllmement intenses (1 ). 
Les faibles valeurs obtenues sur le profil de Constantza tiennent peut-Eitre en partie ~u 
fait que les divers prlilevements rtialistis a un mois d'intervalle, n'ont pas permis d•ob
server certaines floraisons intenses mais liphtim~res. Les d~veloppements massifs de l' ti
tti, surtout ceux des pliridinieris et des autres tlagelltis, se produisent dans une couche 
mince a 1a surface de 1.' eau, tandis que ceux des diatomties en flivrier-avril se produisent 
pratiquement dans .Ja couche photique.Les valeurs estivales, tres importantes en surface, 
.ne ressortent pas des donnties car elles sont masquties par les valeurs moyennes obtenues 
pour toute 1a couche tituditie (moyennes n6cessaires a l•titude de la dynamique quantitative). 
Par contre, les moyennes de la Slf)f;on froide correspondent pratiquement aux valeurs ab
solues carla rlipartition verticale est plus homogene. Cependant, les moyennes des mois 
ou

6
ont eu lieu les poJ1SSfes estivales (des annties 1972, 1975 et 1976) variant entre 1 ,2x 

10 et 1 ,8 x 106 cell.C pour la couche_, d• eau 0-50 m sur le profil est Constantza, sont 
nettement suptirieures aux moyennes des annties soixante pour la mE!me couche d 1 eau (1); 
ce fait met en tividence aussi le renforcement du processus d' eutrophlsation dans la p~tie 
ouest de la mer Noire pendant la dticennie 8 (1 , 2). 

Nos constatations, concernant le r(He =de l.a durtie des fortes tempEltes d • hiver sur 
I• ampleur des poussties algales de fiivrier-avril du littoral roumain de lamer Noire, con
vergent pour l'essentiel avec celles de MAsHTAKOVA pour le nord-ouest du m~me bassin 
(~). Elles permettent une meilleure comprtihension des processus de la dynamique du phy
toplancton, qui subit !'influence spatio-temporelle de nombreux facteurs, lesquels ne peu
vent pas toujours fltre mesur~s en totalit~ et interferent ~ec etfet contradictoire:. ,rendant 
difficile l' explicitation des ph~nom?mes dans leur ensemble. La confirmation des constata
tions respectives, par la rtiptitition des ph.l;nomlmes signaltis ci-dessus comme titant en in
terrelations causales, constituerait la base des pr~visions de la production annuelle de 
phytoplancton, en fonction de la durtie des grandes tempetes d • hiver et de 1' ampleur des 
poussties de ftivrier-avril. 
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P-113 
Dynamique du developpement quantltatif 

de Noctiluca miliaris Sur. 
dans les eaux roumaines de Ia mer Noire 

Florica PORUMB 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

L' evolution du developpement quantitati:f de Noctiluca miliaria 

Sur. a ete etudiee d' aprea 1' examen d' echantillona planctoniques 

recueillia pendant 25 ana (1959-1965 et 1970-1986) dana lea eaux du 
plateau continental du littoral roumain de la mer Noire. 

Plus de 1990 stations ont ete proapecteea dana cette zone ma

rine, de 1' iaobathe de 5 m, juaqu' a 50 millea marines au large. 

L' analyse de ces tres nombreuaes donnees no us a permis de mettre 

en evidence durant ce laps de temps une variabilite remarquable dans 

le deroulement du developpement quantitatif de Noctiluca. 

Entre 1958 et 1979 1 • evolution de 1' espece a' eat caracteriaee 

par une croissance de son stock, continuelle et de petite ampleur. 
A partir de 1980 et juaqu' en 1986 on a aaaiate a un developpement 

quantitatif explosif de Noctiluca,lea valeurs moyennea multiannuelles 

de sea denaites et biomaases etant 15 fois plus elevees que celles 
des annees precedentes (1970-1974) ,(tableau). 

Tableau. Moyenne des biomasses (mg.m - 3) et densites (ind.m - 3) de 
--- Nocti1uca miliaria 

A 
Saisons 1958 - 1959 1961 - 1965 

ind. mg. ind. mg. 
River 270 21,600 
Printemps 2525 201,982 2357 188,573 
Ete 9120 729,608 4326 348,591 
Automne 
An 

n n e e s 
1970 - 1914 
ind. mg. 
3838 3071005 
7509 572,159 
2104 168,169 
1705 136' 365 
3794 296,425 

1975 - 1979 1980 - 1986 
ind. mg. ind. mg. 
3710 296,791 36675 2932,773 
4318 344,823 9810 785,237 
4872 389,823 103086 8403,495 
1237 99,0ll 42229 3374,697 
3508 280,467 47776 3859.905 

De meme que dans d' autres aires marines soumises a 1' influence 

des eaux fluviales (2), entre lea anneea 1980 et 1986 la croissance 

rapids du niveau d' eutrophisation des eaux de la partie nord-ouest de 

la mer Noire (5) ,et 1' accroiasement du developpement du phytoplancton 

(Sceletonema costatum Grun,Cyclotella caapia Grun, Exuviaella cordata 

Ostf et Eutreptia lanowii Steuer avec des denaites entre 16 et 141 
mil.cellules.l-1), (1), ont eu des consequences profondes sur l'eco

systeme pelagique pontique en general et sur Noctiluca en particulier. 

L' etude des oscillations de 1' espece en 1980-1986 met auasi en 

evidence le phenomena d' augmentation des abondances saisonnieres, par 

rapport a celles des annees anterieures, exception faite le printemps 

oi.t le developpement de Noctiluca a ete moine spectaculaire (quantites 

moindres en mars et avril). L' intensification de son developpement 

commence au mois de mai, au moment des crues printanieres du Danube 

dont lea eaux sont riches en eels mineraux (phosphates et nitrates), 

en matieres organiques et en d 1 autres substances allochtones pr()vo

quant ainsi lea premieres "floraisons" phytoplanctoniques dont 
Noctiluca se nourrit. 

Le declenchement de la poussee la plus intense de Nogtiluca 

coincide avec le debut estival de 1' echauffement des eaux de surface •. 

Lea valeurs moyennes minimalea des biomasses et des densites ne sont 

pas descendues en juin 1980-1986 au-dessous de 2,1 g.m-5 et 26.105 

individus par m5, tandis que lea maximales ont attaint 42,2 g.m-5 et 

527.105 indi vidus par m5. Durant lea annees anterieures le stock de 

cette espece a ete une seule fois egal a 2,0 g.m-5 et 25.105 (juin 

1975). 

Des valeurs elevees ont ete trouvees pour Noctiluca pendant le 

mois de juillet de toutes lea anneea entre 1980 et 1986. Si en 1981 
sea densites et biomasaes ont depasse 205.105 ind.m-5 et 16,3 g.m-5, 

en 1982 et 1983 elles ont ete de 140.103 ind.m-5 et 11,2 g.m-5, res

pectivement 183.103 ind. et 17,2 g.m-3. En juillet 1986 le stock de 

Noctilugs a atteint lea valeura colossales de 582.103 ind.et 46 1 6g.m-? 

Le developpement exceptionnellement grand de Noctiluca pendant 

lea dernieres annees,du aux apports en sels nutritifs fluviaux indui

sant la croissance du phytoplancton dont il se nourrit a eu comme re

sul tat la croissance de la biomaase generals du zooplancton dans lea 

eaux de la partie ouest de la mer Noire. Du point de vue ponderal 

l'espece a depasae frequemment 90-95% de la biomasse annuelle de 

celui-ci. Noctiluca a represente en outre une source de substance or

ganique qui, par le processus de decomposition a eu un role important 

dans 1' apparition pendant cea dernieres ennees des phenomenes d' hypo-· 

xie ou meme d • anoxie des eaux de la zone cotiere. 
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Monitoring on phytoplankton in Mussel culture area 

along the Bulgarian Black Sea Coast 

S. ZLATANOVA* andV.J. PETROVA-KARADJOVA*" 

• Institute of Fishing Industry, 8000 Bourg as (Bulgaria) 
•• Institute of Fisheries, 9000 Varna (Bulgaria) 

lighly mechanized technology for suspendet mussel (Mvtilus gallopro
vincialis Lmk)culture w.as elaborated in Sozapol area where a model 
,·arm w:t.th annual production 2.00-300 t/a is under exploatation.At Nes-
3ebar another farm (300-400 t/ a) is under construction. Collectors 
tre submerget into the water in June ; s·pat attachment takes place in 
June-July(7). With the intensive summer and autumn growth it is. pos
;ible to commence harvest in December when most of the mussels reac:1 
oarket siZe above 40 mm. Harvesting goes on until next May. 
]ott growth and physiological parameters of the culture are undcr re
gular co.ntrol and checking for heavy metal concentrations and micro
biological condition of the mussels is also made. The nutritive phy
toplankton was surveyed and much attention payed to species suspected 
f1n toxicity. 
~lonitoring on phytoplankton in the mussels culture area was cerried 
out monthly, while in the three-mile coastal belt between Cape Emina 
-Maslen Nos it was conducted seaso.nally. 
Taxonomi phytoplankton similarity between the culture area off Soso-

~~!~~~~Z~s%)d a~ 8 th~r~~~~ii:g~~~=t~~r7~%)e ~:~n~f~sr~~!i~~r N~~(6i%e anc 
611% respectively) because the canstant curents in the large Bourgas 
3.ay unify the species diversity. 
-:-he percentage ratio for specie.s and quantity characteristics of 
:· ac.illario.p.hyta and Dinophl(ta (table 1) sho~.~;s. that in the period of 
~ntensive mussel growth (summer-autumn) Dinophyta dominate in quality 
,nd q~antity, especially in autumn tgB5-19B7 and in summer-autumn 
1i9B7 with high trophic impact on mussel growth. The intensive bloom 

~~s~~;ni~xi~a di~~:;i~:{ia ~~d E~ugf:i;!:P ~)r~~ t~u~~d 1 ~~~ t~:1:~~~ :~!~ 
settlement but l.t sb.mulated mussel growth by diminishing eliminatio.n 
a.f p rymary settlement. The average mussel yield reached 12,3 kg/ m of 
ro.pe compared to 6 17 kg/m o.f rope for the period 1980-19B5.The mean 
mussal length Iilias ovar 50 mm. In this period(summer-autumn)occurrence 
of suspected toxic dinoflagellates could be expected though for the 
Black Sea flora a.nly one toxic alge - tha c.hrysomonad Prymnesium par
vum Car.is know:n(2,4,6). High concentration of this species. by the 
end of summer 1 95g are cited from Varna lakes where all Invertebrata 
and fish died. 
Until now we have no o.b.servations on other toxic phytoplankton dis
plays.References exist that the Black Sea phytoplankton includes spe
cies that are toxic in other seas and oceans but not having, until 

~~~~t~~xt~~~~i~~u:~ a~!~~~ a s::)~rira~~~~~t~:. ~t7~?s: B~~~~o);:;s a~c~f-
f ec.t~ve mo n~ a :t.ng on p y op an ·n ~n mussel culture areas, even at 
toxic DSP(Diarrhetic Shellfish Poison)concentrations, those would be 
not dangerous,because, according to Kat M.(1i)toxins are eliminated 
fro.m m.ussels in about 4 weeks af tar 11 red tide"' autb reak; the mussels can 
ba consumed safely and harvesting resumed. 
In harvest pe.riod(winter-spring,December-May) the percentage ratio of 
phytoplankton species and quantity shows winter dominance of diatoms 
(tab.le 11) and co-development of diatoms and dinoflagellate in spring. 
At that time high abundance of suspected toxic species is rather 

-doubtful. Attention should be paid to. the dynamics of Peridinium 
triqpetrum occurring in cold waters.• 

Table 1.. Taxonomic (number of species in(') and quantity (mg/m· in :ct't 
characteristics of phytop.lankton, muss.el farm, Sozopol 

;tear 1gB5 19B6 19B7 

seaaon w.1in sor sum aut t..tin spr sum aut win spr sum aut 

Bacillario(2h;r:ta 100 33 20 67 27 55 50 50 50 42 28 

1M 49 1 96 55 79 75 75 10 1 7 

Dinoeh;r:ta 100 55 80 33 63 33 50 40 50 58 72 

100 46 gg 4 41 19 25 24 90 g9 93 

o;~~t~$~~~~rida 12 10 12 

5 4 2 

Silicoflaoella.ta 10 

1 
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Influence of solar activity upon the Diatoms 

of Black Sea plankton 

V.J. PETROVA-KARADJOVA• and E.M. APOSTOLOv•• 

• Institute of Fisheries, 9000 Varna (Bulgaria) 
•• Geophysical Institute, Bulgarian Academy of Science, 1113 Sofia (Bulgaria) 

The interest towards investigation of the interrelations in the system 
solar activity - magnetosphere - biosphere grew rapidly due to its pos
sibility to serve for bioprognosis through statistical analysis of so
lar and geomagnetic activity upon biosphere. 
Monitoring of the phytoplankton dynamics in the Bulgarian Black Sea 
economic zone has bean performed annually since 1954 by standard expe
ditional scheme of up to 30-40 mila profiles in 3-month periods and 
34-year repeatibility period in more than 1200 stations of up to 200 tt 

~~~~ti~: ~=~~! t~o~f c:~i,e n:~~r~~gg/ ~~)P !~~ ~1~:a~:(~J~!)(~f:~h!~u!~-
tha process of investigation we established 5-year cycles in the phy
toplankton biomass dynamics but in our opinion these were connected 
with the hydrological conditions of seawater environment(4,5). 
The subject of this investigation is the possible influence of solar 
activity upon the diatoms flora in the Black Sea plankton. The investi
gation of its dynamics within the period 1954-19B7 completely coinci
des 1.1ith three 1·1-year cycles of sun-spots : 19-21 cycle by the Zurich 
numeration. 

• 19 20 24 

F ig.1. Variations of 

the average annual 

parameters. - cell 

number (N 10 6/m3 ) 

and b.iomass(P mg/ m
3

) 

of diatoms(ON' Op) 

co111pared to the va

riations of the sun

spots( Rz ) 

\Jithin the temporal variations of the investigated parameters of dia
tom flora(fig.•1i) 1.1e observed peculiar dependency upon solar activity : 
throughout one 11-year cycle we found two clearly expessed peaks, the 
first being 1-2 years late in relation to the Rz sun-spots peak and 
the second coti.ncides ~ith the Rz minimum. This variation is very 1.1ell 
expressed for a 5-year approximate period; the local diatom peaks occur 
at comparatively quiet conditions of solar activity as in 1972:. 

I~ ~~~~;r~o ~!!/;~!~~d~~ ~!;L~~~t~~!P~~(~}s!~ ~:m~~ t~~~~!ie 1i~~s 
terval.Basic periods in the interval investigated were 11,1 and 5,3 
years for solar activity(2.) and the periods 4,45 and 7,6 were conside
red to. b.e amp.li tude modulation( figo12.). The analysis showed that the so
lar ac.tivity cycle for about 111,1: years was reflected in the dynamics 
of the diatoms by 110,5- 10,8-years periods.In their temporal lines 
the variation o.f 5,5 - 5,6 years is basic while the accompanying peri
ods T1=6,65 and Tz=4,45-4,5 are results of amplitu.de modulation with 
modulation period of about 2.2 years.For its reliable detection w.ithin 
the spectrum we ne.ed mar data,however its presence in the solar activi" 
ty is uell exp ressed(2), ssp ec ially in the solar corpuscular radiation 
and interplanetary magnetic field and the resulting geomagnetic field 
variations(3). 

!• s: ~+s I. F ig.·2. Amplitude spe-

ctra of the average 

annual temporal li-

nes(ln N,ln P)of di-
II, 

toms(ON ,op) compared 

to the same of sun-

spots( Rz ) 

~ 

I 1 f S 

,.,.i«i (!/«<N) 

CONCLUSIONS : Solar activity influences diatOm plankton flora through 

;;;;1i-y;~~/;:~~o~C~~~~~$ .=~~c~io~~~~~2~~e~;g~!r1~~ t~~:;e~~~Y t~~~~~~ 
ted by complex demodulation(fig.2).The two-maximum diatoms'distribkltion 
pl:'ovides possib.ilities for making b.ioprognosis about the maximums and 
the blooming in the followling 22nd solar cycle. The Rz maximum is ex
pected at the beginnung of' 1.990(7).\Je can expect minimal cell number 
and biomass in 1<990 and the maximal is to be expected in 1991 - 1992.1 
REFERENCES:(1)l\o~ M.,Kyxmm r.B.1971.K BOnpooy o() 11-Jie'!HeA Ba
~ ep~e.a llpOJtOliD!reni>Hoe'!ll D3Bll rpyn eOJIHetllWX M'reH.liccJ:I.reOM. 
aapOH. II ~.CClJIBI@,2,167.(2)KUKLIN G.V.'1976.Cyclical and secural vari
tions of solar activity.D.Reidal Pub.l.Co.IAU Symp.N 71,147•(3)CHERNOS
KY E.J.11966.Doubl Sunspot-Cycle v.;niation in t.errestial magnetic acti
\! i ty, 1BB4-1963. J. G eophys. Res., 71., 965_. ( 4)P ETROVA-KA RHOJOVA V. J. 1.97 1.. 
Uber die Saison- und Jahl:'esdynamik des Phytoplanktons im SchtJarzen 
!'leer 11or dar bulgarischen Ki.iste. Thalassia Jugosl., 7/1/. (5)PETROVA-KA
RAOJOVA V.J.1973.Dynamics of the biomass the phytoplankton in the 
b.ulgarian Blac.k Sea coast during the period 1964-1970.Proc.Inst.ocean. 
and fish., 12 .• (6)PETROVA-KARAOJOVA V .·J. 19B6.Dynamique du p.hytop lane ton 
:1u littoral bulgare de la l'ler No ire en conditions d' EutrophisaJtion. 
Rapp. pro.c. -verb.. d. reun. vo l. 30, fas.2. (7 )SOLAR GEOPHYSICAL DATA.'1987 .Pr. 
Rep.IBoulder,Co. ,USA,52D, 11•. 
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Approximation to Chlorophyll-a distribution 
in the Balearic Sea (Northern Mediterranean) 

V. FORTEZA, A. MARTINEZTABERNER and G. MOYA 

Departament de Biologia, Universitad de Illes Balears, 07071 Palma de Mallorca (Espana) 

An oceanographic prOJ>?Ct '~Jmr:-d .:'!1: invest igatin;.; 
condition~ and prodnrt10n 1n the- We::-tern Med1terranean, 
the ::_:o-edlled P.al€'-..'l.ric Sea, iS in progress. Paramet.ers direct 
to phytoplankt()n primary ion are presently be1ng 

Chlorophyll-a Mere determined by :::pectrophotometr 1C 
methods, using acetnne as solvent. ConC"ent.rat.ions w-=-rP est1mated W1-t-h 
Jeffrey & H1~mphrey'5 { 1975) equat1on"S. Prel results on 
measurements of product-ion CESTRADA, 1981) are 1nc-luded. 

This ion d1scusses preliminary re:::nlts on .''11-:,,.Jnd.~nce an·i 
evolution of phytoplankton biomass expressed as mg chl-a/m3 0f the 
phot1C layer tO~lOOml. Data are based on three samplings CMarch. 
and Sept.ember 1987) which correspond to clearly different 
hydrographic situations. For each sampling a total of 30 stations 
visited. 

Variations observed in the distrib11t1on profile of the mean 
concentration of pigments for all stat ion::: 1D the three annual per1ods 
studied are represented in Fig. 1. 

The descent of the maximum of chlorophyll-a over time 1S <'< 

consequence of the stratification process, which results 1n an 
impover ishemen t of the 1 ayers a hove the thermae 1 ine. This phenomenon 
had been previously described !ESTRADA, 1985l. 

In March, prior to the formation of the thermocline, chl-a max1ma 
are found between 30 and 50 m. When det.ermining primary production a 
reduct1on of photosynthetic efficiency below the stated depths !Fig.2l 
iS noticed, which is due either to the accumulation of biomass from 
above or as a result of low light intensity. As values for the ratiO 
D430/D664 throughout the water column are similar, the second 
altern;etive is more probable. We should also point out that this 
increment in chl-a concentrat.ion may represent an increment in the 
concentration per cell rather than that of phytoplankton biomass. 

Pigment distribution exhibits a marked seasonality imposed by the 
alternation of stratification and mixing periods. This variation in the 
distribution profile is quantitative as well as qualit.ative. Fig.3 
represents increment in quantity of chl-a with increasing depth of the 
water column. Slope variations of the curve represent variations in the 
cumulative gradient of pigment. distribution as a result of 
discontinuities of factors limiting production and phytoplankt.on 
biomass. 

Variations observed in the distribution of weighted averages of 
chlorophyll concentration for a column of wat.er between 0 and 75 m 
depth in the three annual periods studied CFig.4l, are a function of 
the vertical distribution of t'he limiting factors. which are themselves 
related to the season of the year, to the hidrographic situation of the 
different masses of water and to their thermohctl ine cycling. 

As a result of the stabilization of the surface layers a 
displacement of maxima of chlorophyll abundance to1.1ards the SW of the 
Balearic archipelago can be observed, as well as a generalized 
impoverishment with reduction in chlorophyll related levels. 

The slight increase in summer biomass values in this area may be 
attributed to the presence of waters of Atlantic origin which penetrate 
along the channels bet1.1een the islands !FONT, 1986). 

Fig.l. Distribution profile of the mean 
concentration of pigments ( mg Chl-a/m3) _ 

10 

20 
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-~ ~·"' ~y 

0-50.f---r_,c:.__ ___ '::tl"'c_----~Fig.3. Increment in quantity of Chl-a 
with increasing depth ( mg Chl-a/m2) of 

0-40 t-7-r---::::;o,-::;.------- the water column. 

0-30 t-:ff-~~---------

0-20 H:f-~'-------------

0-10 -""'" ..... --..... ...--........ --.......... 
(m) 12 16 20 24 

(rrg Chl-<>/m2) 

REFERENCES ESTRADA, M., 1981- Inv_ Pesq.,45(1l,211-230. 

224 

ESTRADA, M., 1985- In Med. Mar- Eco. ,247-277. Plenum. 
FONT, .]. , 1986- Thesis. Universoty of Barcelona. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 



P-117 
La biomasse phytoplanctonique en mer de Monaco. 

Distribution spatlale et variations salsonnh~res 
des teneurs en chlorophylle "st" 

M. BOISSON, C. MARMENTEAU et J.L RAPAIRE 

Centre Scientifique de Monaco, 16 boulevard de Suisse, 
98030 Monaco Cedex (Principaute de Monaco) 

Le phytoplancton de la mer de Monaco a ete etudie par 
NATHANSOHN, PAVILLARD, BERNARD & FAGE et BERNARD entre 1907 ';'t 
1914. Ils ont souligne 1 'effet des vents co tiers et de la plu~e 
sur la fertilite superficielle a Monaco. On decrit dans ce 
travail les resultats obtenus en mesurant par fluorescence les 
teneurs en chlorophylle "a" et en pheophytine "a". Suivant la 
methode de J. NEVEUX, 1 'etalonnage est realise avec de la 
chlorophylle "a" pure. 

Les prelevements d' eau ont ete faits to us les quinze jours 
entre octobre 1978 et decembre 1983 aux profondeurs standards a 
quatre stations ; trois sur le plateau continental (IB, 3A, SB) 
et une a 6, 5 milles de Monaco, consideree comme Temoin (T) . 

Teneurs moyennes mensuelles en chlorophylle "a" sur cinq ans 

ug Chi "a" 

3 

2 

F M A M A s 0 N D 

16 

58 

3A 

A partir des mesures obtenues aux profondeurs 
· standards, on a calcule par integration lineaire la 
concentration en chlorophylle "a" contenue, a chaque station, 
dans une colonne d' eau de 1cm2 de section et d' une longueur 
egale a la hauteur d'eau echantillonnee, soit 50 m en 3A, 80 m 
en Ib et 5Bn 200 m au T. 

Les cycles annuals moyens pour chaque station sent 
classiques, avec un pic de chlorophylle A la fin de 1 'hiver 
(mars) un minimum en juillet et un deuxieme pic de tres faible 
amplitude en octobre. Generalement, les teneurs en chlorophylle 
"a" au debut de 1 'hiver (janvier) comme a la fin du printemps 
(mai-juin) sent du m~me ordre de grandeur qu'en automne. Le pic 
printanier de chlorophylle "a" est plus precoce au large qu' a 
la cote. Il dure un mois (mars) au large, 2 a 3 mois (mars a 
mail A la cote. 

Les pies printaniers observes chaque annee, entre octobre 
1978 et decembre 1983, different tant en importance qu' en 
duree. Ils sent nettement plus import ants en 1980, A toutes les 
stations et en 1983, au large. L' observation la plus 
remarquable est les faibles teneurs mesurees au printemps 1981. 
Cette epoque est caracterisee par une salinite anormalement 
elevee (N. Bethoux et al., 1983), consequence du deficit en 
precipitation observe en automne et hiver 1980-1981 et de 
1' absence de neige. Ces fortes salini te pourraient done ~tre A 
l'origine d'une limitation du developpement du phytoplancton. 

La comparaison statistique des stations entre elles a 
d • abord ete fai te A partir des teneurs moyennes en chlorophylle 
"a" et pheophytine "a". Elle montre que pour les couples de 
stations T-lB et T-5B et a un moindre degre pour le couple T-
3A, les moyennes sent significativement differentes au seuil 
5%., mais que pour le couple 3A-5B la difference n' est pas 
significative. L' application du test de MANN-WHITNEY-WILCOXON, 
de la methode des couples et du test T de WILCOXON conclut 
egalement A une difference significative entre la station T et 
les c8tieres. 

Les stations ant ete egalement comparees en calculant 
les coefficients de correlation sur les contenus de la colonne 
d'eau en chlorophylle "a" et pheophytine "a". On constate une 
tres bonne correlation entre les stations SB et 3A et SB et 1B 
et une tres faible entre les stations cotieres et la station 
temoin. 

L'etude des teneurs en chlorophylle "a" et pheophytine "a" 
en mer de Monaco a montre que : 

- des differences significatives existent entre la zone 
cotiere et une zone situee a 6,5 miles de la cote. Au printemps 
ces differences s • observant aussi bien sur la date d' apparition 
du pic de chlorophylle que sur sa duree ; 

- A la c6te, 1' inegali te des distances entre les stations 
explique les quelques differences observees. 

- les pies printaniers different d' une annee A 1 'autre. 
Deux maximums de biomasse phytoplanctonique ant ete enregistres 
en 1980 et 1983 alors qu 'en 1981 la biomasse etait minimum. Ce 
minimum est observe A la suite d'un automne sec et d'un hiver 
sec et sans neige. 

- NATHANSOHN, A., 1909 ; Bull. Inst. Oceanogr. 140 
- PAVILLARD, J., 1937 ; Bull. Inst. Oceanogr. 34, 738 
- BERNARD, F., FAGE, L., 1936 ; Bull Inst. Oceanogr. 33, 720 
- BERNARD, F., 1937 ; Annales Inst. Odianogr. 17, 6 
- NEVEUX, J., 1976 ; Annales Inst. Oceanogr. 52, 2 : pp 165-174 
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Observations on the relative contribution 

of pico- and nanoplankton to the subsurface 
chlorophyll maximum In the Northern Adriatic Sea 

Malvern GILMARTIN and Noelia REVELANTE 

Department of Zoology, University of Maine, Orono, Maine 04469 (U.S.A.) 

SUMMARY 
A reconnaissance of the characteristics of the picoplankton depth distribution, 

along both east-west and' north-south trophic gradients, indicated that while 
picoplankton were responsible for the increase in chlorophyll q_ with depth, that 
picoplankton cell densities were greatest in surface layers. Great caution is urged in 
inferring picoplankton biomass distribution from fluorescence data alone. 

The northern Adriatic is a shallow region under the eutrophicating influence 
of the Po and other northern Italian rivers. Their influence cause pronounced east to 
west gradients in chlorophyll ~ concentrations. Vertical gradients also create a 
pronounced subsurface chlorophyll maximum. Two questions attract attention: are 
picoplankton responsible for the subsurface chlorophyll maximum, and are 
picoplankton more abundant in that maximum? Therefore, reconnaissance cruises 
were conducted in the Adriatic in 1986 and 1987 to evaluate phytoplankton size class 
contribution to the maximum. These data, herewith analyzed, preliminarily assess 
the relative contribution of phototrophic nano- and picoplankton to the subsurface 
chlorophyll maximum in the region. 

Sampling was conducted at. stations selected to sample decreasing trophic 
gradients eastward from the Po Delta, Italy to the Istrian Peninsula, Yugoslavia, and 
southward toward the Central Adriatic. Seawater for physical/chemical parameters, 
chlorophyll ~ concentrations, and cell densities was collected throughout the 
watercolumn. Biological samples were fixed with glutaraldehyde or acetic Lugol 
solution, some decolored and stained with DAPI or FITC, and after appropriate 
filtration enumerated microscopically at 640 X or 1000X by epifluorescence. 

The data verified the presence of a subsurface chlorophyll maximum in the 
northern Adriatic under summer stratified conditions. The top of the maximum (2 X 
surface concentrations) occurred near 20 meters in the northern Adriatic and 
deepened to about 45 meters southward. The highest chlorophyll concentrations 
occurred well above the bottom at 20-25 meters at northernmost stations, and 
deepened to near bottom depths at the southernmost stations. 

Increases in the vertical distribution of chlorophyll were associated with a 
nutricline which occurred at 15-20 meters at most shallow stations, deepened to 25-30 
meters eastward, and to 35-40 meters southward. Significantly the nutricline was not 
closely associated with the pycnocline, clearly implicating autotrophic consumption 
in its formation. This is in direct contrast with the deep chlorophyll maximum of 
oceanic regions, where the nutricline is frequently associated with a decrease in 
vertical stability (e.g. Vandevelde g.tgL 1987). 

The subsurface chlorophyll layer, (ca. 35 to 65 m at deep stations) resulted from 
increases in all three size classes studied, (>20 ~m, 20 - 3 ~m, <3 ~m). But at all 
stations the picoplankton made the largest contribution to water column chlorophyll, 
ranging from a mean of 46% at northernmost stations to 75 - 85% at southernmost 
stations. Noteworthy, picoplankton made significant contributions to chlorophyll 
concentrations at all depth!' in contrast to the micro- and nanoplankton which were 
concentrated near the bottom of the water column. Increases in relative contributions 
to the subsurface chlorophyll maximum were inversely related to size at the deeper 
stations. Increases in picoplankton contributions occurred shallower than 
nanoplankton increases, which in turn were shallower than microplankton increases. 

Since nutrients were non-limiting at the depths of the subsurface chlorophyll 
maximum, this distribution suggests that the relative increases of chlorophyll ~ in the 
three size classes were light controlled. This is contrary to the assumption that 
picoplankton are particularly adapted to growth at lower light intensities than nano
or microplankton. 

The water column phototrophic picoplankton were predominantly 
chroococcoid phycoerythrin containing cyanobacteria, while the larger nano- and 
microplankton were predominantly eukaryotes. 

The vertical distribution of chlorophyll concentrated in the picoplankton 
fraction, would imply that picoplankton dominated in the subsurface chlorophyll 
maximum. However, the data on phototrophic cell numbers, and derived total cell 
volume, established that this was not the case. In marked contrast to the vertical 
distribution of picoplankton chlorophyll ~ picoplankton clearly dominated total cell 
volumes in surface waters at both shallow and deep stations. In direct contrast total 
nanoplankton cell volumes were always highest near the bottom of the subsurface 
chlorophyll maximum. 
CONCLUSIONS 

- the subsurface chlorophyll maximum, characteristic of the northern Adriatic 
under stratified water column conditions, is caused by increases in 
picoplankton chlorophyll a;~ 

- picoplankton cell densities dominate in the surface layers, exceeding densities 
in the chlorophyll maximum layer; 

- the difference between the vertical distribution of picoplankton chlorophyll, 
and picoplankton cell densities, results from depth differences in fluorescent 
intensity which bias epifluorescent enumeration; 

- great caution should be exercised in interpreting the vertical distribution of 
phytoplankton biomass from pigment data alone ... 
confirmation from cell density is strongly urged; 

-lastly, the subsurface chlorophyll maximum is dominated by nanoplankton 

with a mean cell size of 4 - 8 Jllll. 
REFERENCES 
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Deep Chlorophyll maximum In the Adriatic 

lvona MARASOVIC and Tereza PUCHER-PETKOVIC 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

The data from several cruises in the open sea waters of the middle 
and southern- Adriatic (Fig .1) showed that maximum chlorophyll ~ con cen
tra tions regularly occurred in the subsurface layer ,most frequently 
between 50 and 75 rn depth. This deep chlorophyll maximum DCM is a 
phenomenon, rather well studied in oceanic and rnedi terranean waters ,but 
scientists have not yet agreed upon the mechanisms of its formation. 
Most of them hold the mechanism of its formation to differ according to 
local conditions. 

The sampling pen.od of our investigations covered three quite dif
ferent dynamical situations in the sea, the time of vertical mixing 
(April, 1986 and 1987), the beginning of formation of pycnocline (May, 
1987) and the period of very pronounced pycnocline (September, 1987) . DCM 
layer (Fig. 2, 3, 4) was present in ail three periods, quite independently 
on the dynamical situation.DCM layer was better marked during spring 
phytoplankton blooms than in September when pycnocline was very strong. 
This led us to conclude that, in the Adriatic,the DCM arising is not 
caused by pycnocline formation,that is by cell accumulation on 
pycnocline. 

The analysis of data on nutrients showed secondary nitrate minimum 
in DCM layer.This is indicative of the intensified consumption of 
nitrates in this layer ,probably by phytoplankton for organic matter 
formation. This shows that growing cells were present in the DCM layer, 
not the relicts of some earlier blooms but living ,active cells. 

Greatest_ oxygen saturation was recorded from the layer above the 
DCM layer ,below the pycnocline. This increased oxygen quanti ties are 
indicative of intensified biological activity in deeper layers. 

Fig. 1. Station locations in 
the Adriatic 

Fig. 3. Vertical profiles of 
chlorophyll a(mg rn-3) 
and density In the 
southern Adriatic in 
April 1986. 

·rhe analysis of phytoplankton bio
mass expressed as the number of cells 
showed that it was coincident with 
chlorophyll a biomass distribution 
at the major-part of stations. 
Coincidence of these two parameters 
was better pronounced in September 
than in May. 

In our attempts to explain the DCM 
formation in the open Adriatic wa.:.. 
ters, we carne to conclusion that 
it was caused by an actual increase 
of phytoplankton biomass in this 
layer. At this depth the relation
ship between nutrient quantity and 
light ,sufficient for photosynthesis, 
was probably optimum, so that cells 
were actively concentrated and 
growed in this layer. 

Futherrnore, the formation of DCM in 
the Adriatic is partly affected 
also by 'physiological adaptation 
of cells to reduced light (increased 
quantity of cell pigments). On the 
other hand,it may be assumed,that 

Fig. 2. Vertical profiles 

~!g c~~~~~~~y~!n~ity 
in the middle 

~~riaticMay, 1987) 

( ------ September, 
1987) 

Fig.4. Vertical profiles of 
chlorophyll a(mg m-3)and 
density in the southern 
Adriatic in April,l987. 

the most part of zvoplankton feeds in upper .LayeLs, so that reduced 
grazing causes in a part, the arising of DCM layer. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

P-I2o 
Indications d'eutrophlsation des eaux 

du large de I'Adrlatlque Centrale 

Tereza PUCHER-PETKOVIC etlvona MARASOVIC 

lnstitut d'OcMnographie et de Pt'lche, Split (Yougoslavie) 

L' analyse des donnees pluriannuelles sur la production primaire et 
sur d' autres parametres de production dans les eaux du large de 1 'Adri
tique centrale a releve, a partir de 1980 un mouvement de 1' accrois
sement de la production que nous- n 'attribuons pas uniquement aux fluc
tuations naturellqs mais qui' a notre avis' in clue egalement les effets 
d 'eutrophisation de provenance cotiere. 

La figure l. pr~sente les fluctuations de la production primaire 
brute dans la Baie de Kastela et a Stoncica (station du large) de 1962 
a 1986. Les n,;sul tats sont presentes en moyennes mobiles de cinq ans, 
illustrant de maniere correspondante le mouvement de 1 'accroissement 
de la production. On a analyse le rapport des taux de production Eintre 
les deux stations (Tableau 1). Dans les series initiales des donnees, 
ce rapport est d' environ 2 pour depasser peu a peu 4. Ces changements 
sont le resultat de l'accroissement de la production dans la region 
cotiere alors qu' au large la situation reste invariable. A partir de 
1977/81 le rapport de la production entre la Baie de Kastela et Stonci
ca diminue de nouveau ce qui 1 a notre avis, reflete l 1 eutrophisation 
des eaux du large. 

gC 

Tableau 1. 

-2 -1 Rapport g C m an dans 
la Baie de Kastela et 
Stoncica (K:S) 

Periode K:S 

1962-66 2 .o 
1963-67 2.0 

2' 1964-68 2.2 
23 1965-69 2. 5 

1966-70 2.9 
1967-71 3.3 
1968-72 3.6 
1969-73 3.4 
1970-74 3.3 
1971-75 3.6 
1972-76 3.5 

3tN-fNJ},•N03•MJ2):P-PCf, 1973-77 3 5 
STOHCICA gC 1974-78 4:0 

29 1975-79 4.2 
.28 1976-80 4.1 

1977-81 2.9 
1978-82 2.7 

fl§.l.!f-!1 !l!Z 9~!!2!1- ?1-?l _!. 2} !J-]1 ]J ~ ~~ ~ 11997809=88; 2. 7 
• 61,. 69 "' 11 12 ?J "' 15 :>5 '' 7tJ ., 1011 12 SJ a• as 116 .. 2. s 

' 1981-85 2.4 
Fig .1. Fluctuat:tt>ns a long-terme de la 19 82-86 2. 5 

production primaire et du rapport N/P ------------

Les donnees sur la biomasse (chlorophylle ~) indiquent egalement que 
la concentration de la chlorophylle ~ est en croissance (Tableau 2). 

Tableau 2. Fluctuations des concentrations de la chlo,rophylle ~ 

mg Chl a 

Baie de Kastela m-2 m-3 Stoncica m -2 m -3 

1977-78 30.85 0. 88 1977-78 17.67 0.17 
1979-80 35.47 l. 01 1979-80 18.30 0.18 
1981-82 24.69 0. 71 1981-82-83-84 20.64 0. 20 
1983-84 36.49 1.04 
1985-86 40.56 1.35 1985-86 20.47 0.20 
1987 40.67 1.36 1987 29.90 0.30 

La transparence de la mer a diminue au, cours des investigations environ 
3 m. L'augmentation de l'activtte photosynthetique s 1 est refletee sur 
1 'accroissement de la saturation on oxygene. La saturation 02% dans la 

~~;~n7~og ':f\ s ~~~~~I~:. toujours plus de la courbe 0 2% de la couche du 

Parmi les facteurs de la production, l'azote ammoniacal, nitreux et 
nitrique varie de 1971/75 a 1979/83 en proportion inverse a la produc
tion primaire. Les concentrations P-P04 relevent, dans cette peri ode 

1 

une diminution a peine notable (Tableau 3), 

Tableau 3. Fluctuations des sels nutritifs 

Peri ode Baie de Kastela Stoncica 

}l mol 1-1 

N- (NH4+N03+N02 l P-Po4 N- (NH 4+N03+N0 2 ) P-P04 

1971-75 2. 79 0.088 2.35 0.075 
1972-76 2.55 0.084 2.17 0.074 
1973-77 2.23 0.081 2.21 0.072 
1974-78 2.15 0.076 2.09 0.069 
1975-79 2.11 0.076 2.08 0.069 
1976-80 2.13 0.078 2.06 0.070 
1977-81 2.03 0.081 2.01 0.070 
1978-82 1. 91 0.078 1.92 0,067 
1979-83 1.71 0.074 1.80 0.066 

On a analyse la proportion entre les sels mineraux (Fig.l). En 
pleine Adriatique le rapport N/P est d 'habitude haut et temoigne du r6le 
limitatif du phosphore pout" la croissance du phytoplancton. Nos resul
tats se tiennent dans le cadre des valeurs obtenues jusqu 1 a present 
pour cette mer. Cependant 1 nous tenons que la tendance de diminution 
du rapport N/P, observee au cours de la periode examinee est valable 
a noter (Baie de Kastela de 31 a 23 1 Stoncica de 31 a 27l parcequ'elle 
peut indiquer les debuts du processus d 'eutrophisation. En tout cas, 
ces changements indiquent une consommation plus forte de 1 1 azote par 
le phytoplancton. 
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P-121 
An unusual phytoplankton bloom 

In the open South Adriatic waters 

D. VIUCIC". Z. VUCAK'', A. SKRIVANic··· and Z. GRZETIC"" 

• Biological Institute, Dubrovnik (Yugoslavia) 
•• Hydrographic Institute of Yugoslav Navy, Split (Yugoslavia) 

••• Institute "Ruder Boskovic", Center lor Marine Research, Zagreb (Yugoslavia) 

Summary. Exceptionally high phytoplankton cell density and volume bionnm:s 
values, along with low Secchi disc transparencies and dark green water colour 
were registered in the south Adriatic, in April 1987 

In the 14" to 29' • April 1987 period, the oceanographic research was 

perfonaed along 37 stations in the central and south Adriatic by RV "Andrija 

Mohorovicic" (fig. 1). Temperature, salinity, transparency, water colour, 

concentration of oxygen and nutrients (P-, If-, Si-salts), as well as 

microphytoplankton (cells > 20 J.B) and nanophytoplankton (cells 2 - 20 ).Ill) 

population density and biomass (biovolume) were measured. Physical and chemical 

parameters were measured on board. Phytoplankton cell counts and cell 110rphometry 

were performed by means of inverted microscopy within two months sfter the 

cruise. 

Unusually high cell densitv and volume values (9. 0 x 103 to 9. 7 x 105 

Fig. 1. Location of stations 

cells 1· 1 , 1.2 x 107 to 5.9 x 10• )D' 1·1 of microplankton; 1.1 x lOS to 1.5 x 

Hl8 cells 1· 1 , 5.0 x 10" to 3.7 x 10" ).Ill' 1-1 of nanoplankton) were recorded in 

the Dubrovnik - Bari profile, and the Strait of Otranto (in the 0 to 100 • 

layer). Maxiwnm phytoplankton quantity was determined at Station 13 (Fig. 2), in 

the central area of Dubrovnik - Bari profile, in the layer between 20 and 50 m 

(9.7 x lOS cells 1-1, 5.90 x 109 )D' 1-1 of microplankton; 5.98 x 10• ,_a 1-1 of 

. total phytoplankton). Such an intensive phytoplankton bloom in the open south 

Adriatic waters has not been registered to date. Secchi disc transparencies 

ranged from 8 to 14 meters, presenting values nearly three times lower than the 

multiannual spring mean. Water colour values (according to Forel - Ule scale) 

ranged between IV and VII (from blue green to dark green colour), while the 

0 
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' 

Fig. 2. Distribution of phytoplankton biomass (microplankton + nanoplankton 
volUlle, 10" )D' 1·•) at the Dubrovnik- Bari profile, April 1987. 

llllltiannual spring Joean did not exceed III. Surface stre--lines estimated on 

the basis of drift-card distribution, as well as the distribution of nutrient 

concentrations, showed a strong inc011ing current fr011 the Ionian Sea throughout 

the whole transversal profile, excepting the narrow Italian coastal zone. A 

considerably strong transversal (south-westward) circulation in the Dubrovnik -

Bari and Vis - Mt. Gargano profiles was observed as well. Such a dynasics of 

water IIISSSes resulted in a marked increase in salinity (S > 38.7 x 10·3), 

According to the frequency distribution analysis of all disposable data, the 

April 1987 nutrient concentrations were slightly decreased, but in the range 

characteristic for southern Adriatic open sea waters. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

P-122 
Photosynthetic assimilation ratios 

at the surface mlcrolayer 

L IGNATIADES and R.A. ABDUL-JAPAR 

National Research Center "Demokritos·, Aghia Paraskevi, Athens (Greece) 

The relationship between Photosynthetic rate (P) and chlorophyll .a 
concentration (B). namely the P/B ratio, has been considered as a rea
listic index for characterizing the productive capacity of a phytoplan
kton population (Platt, 1975). Existing data on many aspects regarding 
this ratio are mainly collected from subsurface sea water whereas the 
surface microlayer has been received little attention (Hardy and Apts, 
1984). 

In this work, an attempt has been made to assess the variability in 
photosynthetic assimilation ratios at the surface microlayer (upper 
3 lml) and associated subsurface water depths in the Saronicos Gulf, 
Aegean Sea. 

Eighteen (18) experiments were performed during the period November
December 1987. Surface microlayers (upper 3 lml) were collected with a 
newly designed sampler (Ignatiades, 1987) and subsurface samples (1.10, 
20, 30 and 40 m depth) with VanDorn samplers. Photosynthetic produc
tivity was measured by the 14 C-technique (Strickland and Parsons,l968) 
and incubation was made ~ for 2 hours. Spectrophotometric chlo
rophyll ~ estimations were also performed for each sampling depth. 

Photosynthetic assimilation ratios (P/BJ as a function of depth are 
shown in Fig. 1. The results fall in the range from 0.01 to 10.97 
mgC.mgChla-• .h- 1

• All profiles follow the same pattern although the 
absolute values are different and they indicate the following: 

1. Inhibition of assimilation ratios at the surface microlayer. Range 
of values: 0.46-9.00 mgC.mgChla- 1 .h- 1 • 

2. OptimUI!l photosynthetic capacity at 1 m depth. Range of values:2.63-
10.97 mgC.mgChla- 1 .h-•. 

3. Depretion of assimilation ratios at the lower light-limited depths. 
Range of values: 0.01-5.90 mgC.mgChla-• .h-•. 

The pronounced surface inhibition of photosynthetic capacity occu
red regardless of the uniform quantitative vertical distribution of 
chlorophyll ~ and it was associated with the depression of photosyn
thetic rate at the surface microlayer. This depression might be due 
to the extracellular release of 1 -"C (Hardy and Apts. 1984) or inju
ry of phytoplankton cells by the high levels of UV radiation (Calkins 
and Thordardottir (1980). 

10 
20 

30 
40 

16 

~--------~--------~--------~--------

~eFt: t. ltp~r~~ I 
30 11 11 
40 
~--------~---------

Fig. 1. Photosynthetic 
assimilation ratios in 
relation to depth 
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P-123 
Multivariate analysis of Chlorophyll-il. and zooplankton 

in Saronlkos Gulf during January 1984 to December 1985 

E. PAPATHANASSIOU, I. SIOKOU-FRANGOU, 0. GOTSIS-SKRETAS and P. PANA YOTIDIS 

National Center for Marine Research, Aghios Kosmas, 16604 Athens (Greece) 

Abst~act : The zooplankton biomass and the cho~ophyll-a values we~e 
examined at ~ive stations in the Sa~onikos gul~ <G~eece> du~ing the 
pe~iod ~~om June 1984 to Decembe~ 1985. The classi~ication and the 
o~dination o~ these stations showed that the Ele~sis Bay is sepa~ated 
~~om the ~est o~ the gul~ ~o~ both chlorophyll-~ and zooplankton, 
while a ~elative disc~imination was obse~ved ~o~ the station nea~ the 
sewage out~all 

Int~oduction: The division o~ wate~ masses in the Sa~onikos gul~ has 

been desc~ibed by Dugdale~ Hopkins <1975>. Sampling at stations, 

~ep~esenting the di~~e~ent wate~ <Fig. 1> was made ~~om 

Janua~y 19B4 to Oecembe~ 1985 in o~der to veri~y the existing hyd~o

logical model with biological investigations. 

The p~esent pape~ desc~ibes the dist~ibution o~ chlo~ophyll-~ and 

zooplankton biomass in the a~ea o~ Sa~onikos gul~ and makes an at

tempt to sepa~ate the stations <regions) on the account o~ chlo~o

phyll-~ and zooplankton biomass dist~ibution. 

Mate~ials and Methods Chlo~ophyll-~ measu~ements we~e made 

acco~ding to Holm-Hansen et al. 11965> at the depths o~ 0, 10, 20, 30 

and 50m. Fo~ the analysis the mean integ~ated values we~e used. Zoo

plankton samples we~e taken by double-oblique hauls <0-50 ml using a 

WP-2 plankton net equipped with a ~lowmete~. The zooplankton biomass 

was estimated bv the d~y-weight method <Loveg~ove, 1966>. 

Multivariate analysis was based on the gene~al st~ategy proposed by 

Field et al. <1982>. 

Results and Discussion: The dend~og~ams showing the station a~~ini

ties conce~ning both chlo~ophyll-~ and zooplankton a~e shown in Fig. 

2. The stations S4,S6,S7 and 58 a~e g~ouped togethe~ while 51 ~e

p~esent anothe~ separate status at the level o~ 53 % and 60 % simi

la~ity ~o~ chi-~ and zooplankton ~espectively, which to ou~ opinion, 

is signi~icant taking into account that the inte~nal va~iation o~ 

some a~ the samples was neve~ exeeding the 10%.The simila~ity ~o~ 

chlo~ophyll-~ with station 54 is relative lowe~. The dissimila~ities 

observed ~o~ both pa~amete~s ~o~ the station S.1 <Ele~sis Bay> should 

be the outcome o~ the dist~ophic cha~acter o~ this a~ea. As ~a~ as 

the station 54 is conce~ned the observed lowe~ simila~ity with the 

othe~ stations, ~o~ chlorophyll-~, is p~obably due to the ~act that 

station 54, being nea~e~ to the sewage out~all o~ Athens, has 

unlimited sou~ce o~ nut~ients and thus highe~ chlo~ophyll-~ values 

and mo~e phytoplankton <Pagou, 1986>. 

se S4 sa s1 s1 

• 110 

e 
iii 

FIG 2. STATION AFFINITIES 
FIG. 1. STUDY AREA FOR ZOOPLANKTON <A> AND 

CHLOROPHYLL-a (8) 
Thus, gene~ally the grouping o~ these stations ~o~ chlo~ophyll-~ 

and to some extend ~o~ zooplankton ~ollows the division 0~ wate~ 
masses in Sa~onikos gul~ <Dugdale~ Hopkins, 1975>. 
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P-124 
Voles de degradation de Ia chlorophylle 

dans des systemes pelaglques. 
Mecanismes lmpllques dans Ia dynamlque des pheopigments 

Francisco GUERRERO, Valeriano RODRIGUEZ, Begot'il!- BAUTISTA et Francisco JIMENEZ-GOMEZ 

Unidad de Ecologia, Facultad de Ciencias, Universidad de Malaga, Malaga (Espat'ia) 

Depuis Shuman et Lorenzen (1975) on a suggere l'ut!lisatton des pheopigments 
comme un indicateur de la consommatton de phytoplancton par les herbivores. Dans ce 
sens, Ia concentration des pMoplgments dans Ia colonne d'eau pourra!t alder a evaluer 
!'importance relative des principales voies, c'est a dire heter6trophes versus 
phytodetritus, a travers lesquelles se canal!se Ia majeure partie de la production 
generee dans les "blooms" phytoplanctontques cotters. 

Dans ce travall on etudte quelques-uns des facteurs qui favorisent Ia formation 
ou !'elimination de pheopigments dans le materiel parttculaire: I) developpement du 
phytoplancton en absence de lumiere; 2l demande de phytoplancton par le 
mlcrozooplancton et 3) photooxydat!on. 
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Figure 1 

Dans le premier cas, on a uttl!se des cultures unt ou blspec!flques d'algues de 
laboratolre que ron a malntenues a l'obscurtte pendant 48 heures apres avo!r attelnt la 
phase de croissance exponenttelle. La concentration de chlorophylle et le nombre de 
cellules descend!rent exponentlellement apres une courte per!ode d'accrotssements 
!nitiaux, cependant les pheoptgments n'apparurent pas avant le jour 30 et toujours a des 
concentrations tres peu importantes par rapport aux tn!t!ales de chlorophylle (Figure I). 
Se conf!rment ces resultats quantttat!fs avec ceux obtenus par chromatographte 
bldtmens!onnelle en couche mince. De cette mantere, d'apres Welschmeyer et Lorenzen 
( 1985), les pMopigments ne semblent pas s'accumuler en cellules vivant dans des 
conditions d'obscurlte, comme celles qui sedimentent en dessous de Ia zone euphot!que. 

0,6 

' ~ 0,4 = y • 0,52& I - 0,006x R • 0,96 
, .... 

l 0,2 
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-0,2 
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Figure 2 

Dans le deuxieme cas, le materiel lOcuM dans l'obscurlte eta!t de l'eau de mer 
naturelle filtree a travers 20 ~m et enrichie. Une fois attelnte Ia phase de croissance 
exponent!elle, Ia duree de rexperlence rut de 340 heures. Les resultats montrent une 
diminution exponentlelle de Ia concentration de chlorophylle et de l'abondance cellulatre, 
alnsl que !'apparition de concentrations !mportantes de pheoptgments deja a 220 heures 
d'!ncubation. Par consequent, ractivite al!mentaJre du mtcrozooplancton semble etre Ia 
responsable de Ia formation de ces pMopigments. 

Dans le tro!sleme cas, les concentrations de pMopigments mesurees dans de 
l'eau de mer preflltree a travers 20 ~m. dlmlnuerent exponentiellement quand on les 
tncubatt a des lntensltes cro!ssantes de lumtere pendant 12 heures (figure 2). De cette 
fa~on, Ia photodegradat!on peut etre une source importante de diminution de Ia 
concentration des pMoplgments du le materiel particula!re de Ia zone euphotique. 

Dans le futur, des etudes plus detatllees des mat!eres fecales du zooplancton en 
relation avec des mesures de pigments par HPLC, taux de production, vitesse de 
sedimentation, taux de decomposition, etc, a!deront a mteux comprendre les equtllbres 
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P-125 
Importance du nanoplancton dans les eaux c6tleres Libanalses 

(Medlterranee orientale) 

Marie ABBOUD-ABI SAAB 

Centre de Recherches Marines, CNRS, B.P. 123, Jounieh (Liban) 

Summary: Estimation of the biomass of the marine nanoplankton is made 
for 2 stations using the U'termohl settling technique. The importance of 
these small cells in the phytoplankton biomass is confirmed. All algal 
classes are represented and flagellates are dominant~ The annual means 
of total gumber of cells gre estimated around 9 x 10° (Amplitude = 2. 8 
16.4 x 10 ) and 6.7 x 10 (Amplitude = 1.7 - 15.5 x 106) cells per 
liter successively at two stations. 

Introduction: Les nombreux travaux effectues dans des differentes zones 
climatiques, geographiques et dans les differentes provinces du milieu 
marin ont montre que la contribution du nanoplan'a<ton est superieur& a 
ce que 1 1 on soup~onnait; elle represents de 80 a 100\lb de la production 
primaire et de la biomasse en certains endroits aussi bien dans les 
zones cotieres qu 1 oceaniques, bien qu 1 e11e soit plus importante dans 
les zones c&tieres. En Mediterranee Orientale, Berman .!;.! .!1• ( 1984 )notent 
que les organismes < 3~m etaient responsables d 1 une fraction important& 
de la chlorophyll& et de 1 1 activite photosynthe"tique. Sur la cote liba
naise, l'etude du nanoplankton, durant la poussee printaniere, a montre 
1 1 importance de cette fraction par rapport au microplancton et !'exi
stence d 1 une correlation tres hautement significative, positive avec la 
temperature et negative avec la salinite et la profondeur (Abboud-Abi 
Saab, 1986). Ce travail a pour but de montrer les variations saison
nieres de la biomass& rlanoplanctonique dans une zone cotiere. 

Materiel et Methodes: Le nanoplancton a ate denombre dans les m3mes 
echantillons ( 1 OOml) que ceux utilises pour 1 1 etude de 1' evolution an
nuelle du phytoplancton, dans 2 stations cotieres, situees dans la baie 
de Jounieh a 40m (Jo) et 2km (Jl) de la cote. Les echantillons d'eau 
ont ate f:l.xes immediatement au Lugol. Le comptage a ate effectue suivant 
la methode d'Utermohl (1958), apres 48h de sedimentation, dans un dia
metre a.-.un grossissement approprie {x4oo), dans le delai d 1 une semaine 
apres la recolte. Notons que la classification de Dussart (1965), qui 
considers le nanoplancton comme la fraction de cellules situees entre 
2 et 20 1:1m, est adoptee • La biomasse a ate estimee d' apres des numera
tions cellulaires. En adoptant la valeur 324 pm3 de volume cellulaire 
moyen ~des oellules !phyto. situees entre 2 et 20 F• proposee par 
Reid (1982), on a pu calculer ce volume. L'expression de la biomass& 
algale a ate possible en appliquant la formula proposes par Strickland 
( 1960) qui eval.ue a ~ l.a quantite de carbone algal. par rapport au 
vol.ume total. de 1 1 algue. 

Rasultats et Discussion: Les popul.ations nanopl.anctoniques sont surtout 
des nanofl.agell.es; el.l.es sont dominees par des Xanthophycaae et des 
Cryptophyceae sui vies de l.oin par des Prasinophyceae, des Haptophyceae 
et des Chl.orophyceae; l.es Eugl.enophyceae, de grande tail.l.e, ne prasen
tent d'ail.leurs un effectif' significatif que l.ors d'une baisse de sali
nite excepti.onnell.e de l.'ordre de 35llb•, et ceci dul1ant les mois d'hi
ver. Les Coccol.ithophorideae sont surtout notes en eta. Notons que 
l. 1 identification au niveau des genres et des especes est tres del.icate 
et demands un materiel vivant ou un microscope el.ectronique. 

La biomasse des cell.ul.es nanopl.anctoniques, estimee d' a pres l.es 
numerations cel.lulaires, le volume ce11u1aire. et la biomasse exprimee 
sous forme de carbone organique figurent au t;ableau suivant, avec d' au
tres resul. tats dans les 2 stations. 

I Parametres \Station Moyenne Amplitude Ecart-type 
mesures 

iNl>re. de 
\;0 

9, 1x106 
2,8 - 16 X 106 

4,45 X 106 

Cell./1 J1 6,7x106 
1,7 - 15,5 X 106 4,62 X 106 

1Volume3cellul.air\ ~0 2,94 0,92 - 5,3 1,44 
( mm /1) J 1 2,18 0,55 - 5 1,59 

~ 

IBiomasse. exprime~ l yo 0;235 0,07 - 0,425 o, 115 
en carbone (mgCJ 1 1 o, 17 0,044- 0,4 o, 118 

Les variations de cette biomasse au cours du cycle annual sont 
representees sur la figure 1. On cons tate que la contribution du nano
plancton est plus constants au cours de 1' annee dans la station cotiere 
JO. A J1, l.a densite oe·~lul.aire presente des fluctuations plus importan
tes avec un maximum en juin suivi par une periode de pauvret<il en eta. 
Compares a d' aut res travaux en Mediterranee, ces effectifs sont eleves. 
Connaissant 1 1 importance du nanoplancton ainsi que la fraction des csl
lul.es inferieures a 3pm dans l.a region, on peut dire qu~ c_ette fraction 
de population phytoplanctonique ne trouvera sa vraie significao~. 

tion qu'avec le developpement d 1 une nouveJ..le technique plus appropriee 
que eel.le d I Utermohl.. Leur role dans la cha:tne alimentaire sera mieux 
determine ainsi que laB transferts d 1 en~e a j;r~VJU:ll c.~ttt& Cha:tne • 

0.5 
mgc.fr 

20 

10 03 

0.1 

Fig.1- variat;ions saisonnieres de l.a biomasse nanoplanctonique. 
a = Enumeration cellulaire (Cell./1) 
b = Biomasse exprimee en carbone organique (mg C/1) 
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P-126 
Toward blodynamlcal studies : 

the example of the MEDIPROD 5 Experiment 
In the Algerian Basin 

I. TAUPIER-LETAGE", C. MILLOT", P. RAIMBAULT", L. PRIEUR"" and D. TAILLIEZ"" 

• Antenne du Centre d'Oceanologie de Marseille, B.P. 330, 83507 La Seyne (France) 
•• L.P.C.M .• B.P. 8, 06230 Villefranche-sur-Mer (France) 

The instability of the Algerian Current generates mesoscale structures such as 

eddies and upwellings (2, 3, 5) _ These phenomena having characteristic space scales 

ranging horizontally from 50 to 200km and vertically from a few hundred meters to 

2000m at least, and time scales ranging from a few weeks to several months (at 

least 5) (4,8), they induce intense and long-lasting biological activity- A prelimi

nary analysis of visible and thermal satellite imageries bas established that biolo

gical and bydrodynaaical features were highly correlated (9). Therefore, studying 

physical processes such as the Algerian Current i~;~stability and associated biologi

cal phenomena requires a couon sampling strategy-

DISTRIBUTION OF THE 
PHYTOPLANKTON 
IN A YOUNG 
ANTICYCLONIC EDDY 
OF THE ALGERIAN 
CURRENT, 

During the multidisciplinary lfediprod 5 experiment in June 86 (5t, we recei

ved on board in near-real tiae satellite-derived isotherms charts, fro• which we in

ferred the bydrodynaaical situation, and then determined the sampling strategy. 

This allowed us to perform transects across a young coastal eddy as well as across 

an old offshore one. The results showed that, due to adequate sampling -stations 3 

to 5 nautical miles apart, using sometimes a aultiparametric continuous pUilping sys

tem-, soae widely accepted ideas such as for example the oligotrophy of the Alge

rian Basin, were to be revised: we frequently found chlorophyll concentrations as 

high as 1-2Jlg/l,up to 9J1g/l locally (6,9)- As well, we have been able to deduce 

from the comparative analysis of the distribution of the bioloqical, chemical and 

hydrodynamical (satellite imagery and hydrology) parameters a first assessment of 

the bioloqical response to these mesoscale features (9)-

It is clear that the phytoplankton biomass distribution is determined by hydro

dynamics (1,9). and so highly variable_ Therefore, biological investigations requi

re both a preliminary knowledge of the hydrodynuical characteristics of the area, 

and an actual knowledge of the present hydrodynamical situation, the sampling stra

tegy being then determined by both biological aims and dynamical processes- Along 

with improved fine resolution sampling, efforts have also to be made in developing 

mul tiparametric continuous systems and moored ~ipaents. 
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P-127 
Description et performances 

d'un prototype de pompe a phytoplancton 

Raymond VAISSIERE, Marie-Christine GRILLO et Claude MARMENTEAU 

Centre Scientifique de Monaco, 16 boulevard de Suisse, 98030 Monaco Cedex (Principaute de Monaco) 

Un prototype de 
experiments jusqu'a 20 

Les echantillons 
recoltes ont ete 
compares a ceux 

pompe a filtration in situ de phytoplancton a ete 
m a differentes profondeurs, (Fig.1). 

- obtenus en parallele 
avec une bouteille 
"Niskin". Afin 
d'obtenir un maximun 
de parametres 
definissant les 
conditions du milieu 
au moment du 
pompage, les sels 
nutritifs et !'oxygene 
dissous ont ete 
mesures sur les 
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FILTRE (fiLET) 

CUVE 
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echantillons d'eau 
recueillie. 

Fig.1 Schitma de Ia pompe lmrrntrgeable Q plancton. 
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Apres modification des materiaux 
de construction, les resultats sont 
satisfaisants et permettent de 
considerer Ia pompe comme un 
instrument fiable pour ce type de 
prelevement. 

La comparaison des quantites de 
chlorophylle recueillies au cours de 3 
series d~ mesures, dont Ia derniere sur 
40 echantillons (Fig.2),met en evidence 
Ia coherence des resultats. 

Le recensement des especes montre 
une diversite plus grande dans les 
echantillons de Ia pompe, pour les 

~~sc~~~~=~;~~~~r~~Nu~~~~RITHMJcuE DE cuANTITEs Diatomees et surtout les Dinoflagelles 
(Fig.3). 

Le calcul des indices de diversite de Margalef (1957) (1) sur 90 couples de 
prelevements confirme ces resultats (Fig.4). II en est de meme pour les valeurs 
de l'indice de diversite de Shannon-Weaver (1949) (2) calcule des Diatomees et 
Dinoflagelles. 

La numeration des cellules rapportee a !'unite de volume fait apparaltre 
quelques resultats discordants chez les Diatomees du genre Nitzschia trouvees 
dix fois plus nombreuses dans les captures provenant de Ia bouteille. 

50 

40 

30 

20 

10 

data• daa 
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Fig. 3 NDMBRE D'ESPECES PAR ECHANTILLON • 

50 

Trois parametres au moins 
semblent etre a l'origine de ces 
differences : Ia forme en navette 
etroite des Nitzschia leur 
permettant de passer au travers 
des mailles de 10 ~ m. ,Ia 
pullulation des divers_ 
representants du genre au 
momment des peches 
acoompagnee d'une distribution 
heterogene des individus 
frequemment groupes en 
essaims. 

Pour les Dinoflagelles Ia 
comparaison apparait en faveur 
de Ia pompe. On constate en 
effet, pour chacune des especes, 
pour Ia meme colonne d'eau a 
differents niveaux, que certains 

prelevements faits en parallele avec Ia bouteille ne contiennent pas l'espece 
consideree alors qu'elle est prllsente dans les peches a Ia pompe. 

Le cas de Prorocentrum micans 
est discutll car ce Dinoflagellll en btttc 

forme d'amande echappe en partie a Ia 
filtration quand il n'est pas dominant. 

3
_
2 

"! 

Une etude du sous :! 

-echantillonage actueflement en cours ~ 
devrait permettre de lever certaines 2• 4 

incertitudes et d'en amllliorer Ia 
technique. l.8 
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P-Ill 
Growth and mortality of Pelagia noct!luca 

(Forsskal, 1775) (Cnldarla) In the Northern Adriatic Sea 

Alenka MALEJ• and Ferit BINGEL•• 

• Marine Biological Station Piran, Institute of Biology, 
University of Ljubljana, Ljubljana (Yugoslavia) . 

•• Institute of Marine Sciences, Middle East Technical University, Erdemh (Turkey) 

Pelagia noctiluca (Forsskgl, 1775), a pelagic semaeostoma scyphomedusa, 

often appears in high densities, especially in warm seas. Recently, 

(1976-86), large numbers have been recorded in various areas - coastal 

and offshore - of the Mediterranean Sea. 

Measurements of the growth rate of P .noctiluca are rare while estimates 

of mortality and life expectancy are largely anecdotal and have mostly 

been guessed; yet this information is essential for explaining and 

predicting population fluctuations • ..Jellyfish have no detectable growth 

records and tagging is hardly successful, so "in situ" growth is 

difficult to measure. Besides, in contrast with other Scyphozoa which 

breed sexually during the medusoid phase but also have attached 

scyphostomae which undergo strobilation or/and budding, P.noctiluca lacks 

a sessile stage and seems to depend on sexual reproduction, spending its 

whole life cycle within the water column. So, the determination of the 

age structure of P.noctiluca is a troublesome objective to attain. In view 

o,f this, we used methods which were originally developed by fisheries 

biologists but have also recently been used by ecologists for 

determinations of growth and production of benthic invertebrates and 

freshwater zooplankton (Brey, 1986; Grant et al., 1987). The growth curve 

was fitted to a set of bell diameter-frequency data, assuming that the 

growth of P .noctiluca follows a seasonally oscillating von Bertalanffy 

growth equation: 

[ 
-k(t-t ) c 

L = L- • 1 - e 0 + -;,;; sin 2'Tr 
t 2h 

where Lt = length (bell diameter) at time t; L- = asymptotic diameter; 

t = intercept at L = 0; C = amplitude of growth oscillation; 
0 

t = starting point of seasonal oscillation. We used a computer based 
p 

method (ELEFAN - Electronic Length Frequency Analysis, Pauly & David, 

1981) for the analysis of the diameter-frequency distribution which does 

not require information about the individual age of the animals. 

The growth parameter values estimated from diameter-frequency histograms 

of P.noctiluca in the Northern Adriatic Sea are: growth constant 

k = 0. 03; amplitude of oscillation C = 10; t 0 = -110; and tp = 100. 

These growth estimates suggest that during the period of seasonally 

accelerated growth P .noctiluca reach the minimal size at which they may 

spawn (30 to 35 mm) in about 150 days. 

Mortality rates varied seasonally and showed a significant negative 

correlation (r = -0.57) with temperature. In addition, a positive 

correlation between survival and increased zooplankton biomass as carbon 

was established, except for the summer period. 
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Fishery and swarmlngs of Pelagia noct!Juca In the Central 

and Northern Adriatic Sea : middle term analysis 

M. AVIAN and L ROTTINI SANDRINI 

Department of Biology, University of Trieste, 
and Centro lnternazionale Mediterraneo Ambiente Medusa (CIMAM) 
Laboratory of Marine Biology, Via Valerio 32, 34127 Trieste (Italy) 

In 1984 a reseorch project within MAP-UNEP programs was 
settled. The aim was to study the incre~se aT Pelagia noctiluca 
( Forssk81) since 19?6. 

Rese~rches were mode on the various Teeters which might have 
caused the increase or decrease of Pelagia noctiluca swarmings 
such as food availability, mateo-climatic conditions, predator
prey correlation (UNEP, 1983, 1984, 1988; Rottini Sandrini "nd 
Avian, 1986) . 

As the phenomenon was known from already two centuries (Goy, 
1984 a, b) one con not ascribe it directly to recent pollution. 
Fishery efforts of Pelagia noctiluca predator fishes were taken 
into consideration. Seven species aT -fishes, fresh and 
preserved (formaldehyde ? %) were examined: Scomber scombrus, 
Scombar 1aponicus, Sprattus sprattus, Sardina pilchardus, 
~{s encrasicolus, Alas" fallax ~and Thunnus thynnus 
thynnus. 

The statistic inform .. tions were given by Istituto Centrale di 
Statistic" (ISTAT) from its ye .. rly d .. ta from 1960 to 1985. 

Monitoring data on all the Pelogi" noctiluca aggregations 
in the Central and Northern Adriatic Sea since 19?6 till 198? 
(Piccinetti Manfrin and Piccinetti, 1983-84, 1986; UNEP, 198?) 

b"sed on plankton samplings made by the L"boratorio di 
Biologia Merina e Pesca, Fane, during seasonal cruises 
ichthyopl .. nkton of the Ministero Marina Mercantile Program. 

During all swarm periods of Pelogi" noctiluca, the following 
char,.cteristics were observed on predator fishes: deep purple 
abdomen, iridescent; deep purple abdomen contents, sharp smell. 
Binocular observations of intestinal contents of f'ish revealed 
Pelagia noctiluca parts, more or less digested, and in particular 
oral arms. The identification of' such pieces was made on the 
observation oT cnidocysts i!ilmost always discharged. Esoscheletric 
parts of" crustaceans were also present. 

It was observed that; mackerels, tuna, bogues and mullets 
predt~~tors of adults Pelagia noctiluca; sardines and shads 
rather predators of larv"l "nd young stages. 

o .. t.. of total fish of these species from 1960 to 1985 and 
n°/m"/10- 3 jelly-fish present until 198? are given in Fig. 1. 

It appe .. rs that: 

l§~g ~ ~H~~~ii~c~:m~~~ ~~ 1 ~§~~1~~~~~ 1M~~s~~~~ms · 
19?9-1981: st,.bilit~ of the population density on low values. 
1982-1986: ~~:reat ~ncre.ase of population, with great 

varietions. 
198?: population vanish. 

It is possible to observe " correl .. tion between decrease of 
Pel,.gi" noctiluc .. predators due to over-fishing and a decrease of 
this scyphomedus" mort .. lity especi,.lly .. t l"rvol st .. ges. There is 
therefore o p .. rallel rel .. tion between edible fish catch incre .. se 

Fish, ,.;ght 
lq/10'1 

!SSO 1965 1970 1980 

~!f~gi~ · no~~ff~~~n( n~i~~i~3-;? 5 ~o~:~i~~~i~ "':~~nl. in 

Pelogi• 
111"/t•/10-'1 

q/10 3 ) and 

and the increased presence of zooplankton here considered as food 
available and the Pelagia noctiluca decre,.sed mortality. The 
reciprocal predation by Pelagia on the eggs and larval stages of 
fishes was studied by analyzing the gastrovascular contents 
(Giorgi et al., 1988). It does not seem to be a significant cause 
of the decrease in fish abundance observed from 1981. 

The over-fishing of Pelagia noctiluca predators from 19?6 might 
therefore be one of the factors responsible for the increase of 
Pelagia population observed from 19?6 up to 1986. 
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Desmopterus papilio Chun 1889 en Mediterranee 

(Mol!usque Thecosome) 

Jeannine RAMPAL 

Laboratoire de Biologie Animale (Piancton), 
Universite de Provence, 13331 Marseille Cedex 3 (France) 

Le materiel analyse provient de la campagne oceanographique Mediprod IV 
effectuee par le N.O. "J. Charcot" (15 octobre-17 novembre 1981), de la baie de Cadix 
a.ux cOtes occidentales de la Corse et de la Sardaigne (fig. l) : peches verticales 
entre 200 et 0 m au filet WP2 standard (vide de maille 200 pm). 

L' examen des Th€.cosomes s test r€v€1€ interessant. A cOt€ des autochtones 
m€diterran€.ens classiquement rencontres en mer d 1 Alboran, dans le secteur sud-occiden
tal et le secteur central (Limac:ina inflata, L. troc:hifomris, Creseis c:onic:a = 
gula c:onic:a, CavoUnia inflexa, Clio pyrcunidata, Peraatis retiaulata, Creseis 
et Styliola subula, les 3 derniers ayant une repartition plus heterogene que les au
tres), nous avons r€.colte, avec une fr€quence surprenante, une esp€-ce consid€x€.e c.-omme 
tres rare en Mi§.diterranee, DesmoptePUS papilio. 

Ce pseudothecosome n I avai t jusqu 1 alors ete signal€. qu 1 en deux points de la 
Mediterranee : un specimen a Alger (Franc, 1949) et deux mentions II Naples (Lo Bianco, 
1903; Gegenbaur d'apres Meisenheimer, 1905). Nous l'avons recolte sur pres de la moi
tie des stations prospectees (fig. I), chaque coup de filet ramenant de I a 5 speci
mens (maximum de 9 individus dans 2 pirches)adultes pour la plupart mais parfois aussi 
tres jeunes. 

Les parapodies qui ferment le plateau natatoire a 5 lobes (fig. 2) ont une 
largeur maximum de I, 70 rom chez la plupart des specimens, valeur inferieure a celle 
que nous avons observ€:e sur ceux du Cap Vert et de la mer Rouge. 

Desmopterus papilio est une espece largement repandue dans 1 'ocean Indien 
y compris la mer Rouge et le golfe Persique (Sakthivel, I 972) ; on le trouve aussi 
dans le Pacifique occidental intertropical et dans tout 1 1 Atlantique tropical et sub
tropical oii ses mentions les plus se·ptentrionales dE.passent parfois 40° N. Sa presence 
en M€.diterranee est vraisemblablement li€:e a celle du courant atlantique~ En effet, 
comme d'autres 'Ihecosomes largement r€:pandus dans cet ocean , cette espece ne semblait 
pas coloniser la Mediterran€:e de fac;on permanente puisque, rappelons-le, nous ne 1 'a
vans jamais trouvee sur l 'ensemble du bassin m€:diterran€:en, en depit du d€:pouillement 
de nombreuses campagnes oceanographiques (Rampal, 1975). Sa frequence 4ans ces prele
vements, depuis la baie de Cadix jusqu' a l 'ouest de la Sardaigne, permet de la consid€:
rer conme une espece transportee par le courant en. provenance de 1 'ocean, dont elle ja
lonne le parcours : mer d 'Alboran etbranche principale se dirigeant vers le nord-est 
du bassin accidental au large des cOtes sardes. Elle est, certes, absente du detroit 
de Gibraltar mais cela refl€.te la raret€: dans ce secteur de toutes les especes pour
taut communes de part et d' autre du detroit, a l • exception de CavoZ.inia inflexa , 
pauvrete deja signalee pour d' autres groupes planctoniques (Goy, 1983). 

C1 est en baie de Cadix que se situe le maximum de vari€:t€: specifique ; 
en effet, a cOte des especes €:galernent trouvees en Mediterranee, figurent 3 Th€:cosomes 
atlantiques (Limaaina bulimoides, L. Zesueuri et Diacria trispinosa) qu' il est surpre
nant de ne pas avoir rencontr€:s en mer d 'Alboran oil, rares, rna is relativement fre
quents, ils sont tenus pour indicateurs des eaux oceaniques (Rampal, op. ait.) ; cette 
remarque surprenante va de pair avec celle que constitue la fr€quence de Desmopterus 
papilio considere comme exceptionnel en M€..di terranee. Il faudrai t peut-etre voir dans 
son absence du d€troit de Gibraltar et de la proximit€ immediate de celui-ci en mer 
d 'Alboran, davantage un effet des perturbations hydrologiques occasionnees par la puis
sance du courant entrant en M€.diterranBe qu' une separation des populations rBcol tees 
en Atlantique et en M€.diterranee. 
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Fig. I. - Carte de repartition de Desmopterus papilio CHUN 
1889. • Stations positives ; o stations negatives. 

:"'ig. 2. - Desmopterus papitio CHUN 1889 : vue anterieure et de 
profil (specimens recoltes en Mediterranee occidentale). 
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P-II4 
Abundance distribution and faunal composition 

of Pteropoda! Shells from the recent sediments 
of the Cillcian Basin : N.E. Mediterranean Sea 

S.N.ALAVI 

Department of Marine Sciences, ODTU, P.K. 28, 33731 Erdemli, lcel (Turkey) 

ABSTRACT 
Mapping of the combined abundance of the shells of thecosomata 

pteropods and heteropods evaluated in the coarser than 250 micron 
fractions of 95 surface sediment samples evenly covering the shelf and 
bathyal parts of the Cilician Basin between Cyprus and Turkey (Shaw and 
Bush, 1978, fig.2), showed that down to a depth of about lOOm shelf 
sediments are generally poor in shells (Alavi, 1980). Their abundance is 
particularly low over those parts of the shelf under the direct 
influence of discharge from Rivers Seyhan, Tarsus, and Goksu. However, 
along the SO'lthern Anatolian margin to the west of River Goksu, where 
the shelf is narrow and no major river flows into the sea, most of the 
shelf sediments are richer in shells presumably due the greater 
influence of open-sea conditions on the neritic waters. 

Slope (200-800m) sediments to the west of the Goksu delta are generally 
richer in shells except for areas of obvious sediment redeposition. At 
such localities finer sand fractions can still be rich in shell 
fragments. No evidence of significant shell dissolution could be found 
in the majority of the samples from the bathyal zone, and shell 
abundance continuously increases with depth reaching to as much as about 
5000 shells per gram of the coarse fraction of sand at a depth of 2000 
m. 

The most common pteropod species is Limacina inflata ( d 1 Orbigny), 
representing between 35 to 45% of the pteropodal shell assemblages from 
the bathyal zone. Other common species are L. trochiformis ( d' Orbigny), 
~tyliola subula (Quoy and Gaimard), and subspecific forma of ~ 
virgula (Rang). Each of these species can account for 15 to 30% of the 
iiathyal pteropoda} assemblages. Less frequent but widely occuring forms 
are Creseis acicula (Rang), Clio pyramidata Linnaeus, and Hyalocyclis 
striata (Rang). Meso- and bathyplagic forms such as Diacria trispinosa 
(de Blainville), Clio cuspidata (Bose) and C. poli ta ( Pelseneer0 occu:r 
rarely in some de~ater"TlO'OOm ) samples:--Tli:elast species is only 
known from the Recent sediments in the Levantine Sea (Almogi-Labin and 
Reiss, 1977 and Herman, 1981). 

There are no detailed published data on the composition of the living 
pteropods from this region. L. inflata is recorded to be the most common 
pteropod species occuring in plaili<tOil tows from the offshore waters of 
the northeastern Levantine Sea. This form and h trochiformis together 
can account for up to 40% of the total plankton catch in this region 
(Kimor and Berdugo, 1967, Kimor and Wood, 1975, and Pasteur et al., 
1976). The composition of the fauna is also found comparable with those 
reported from other parts of the Levantine Sea (Rampal, 1968 and Almogi
Labin and Reiss, 1977), and generally similar to that of the tropical
subtropical, oligotrophic and saline gyre-centre water-masses in the 
open ocean (Be' and Gilmer, 1977). 

The shells of various species of the heteropod genus Atlanta 
constitute between 10-15% of the total planktonic molluscan shells in 
the coarse sand fractions of the bathyal sediments. A. inflata Souleyet, 
reported oh be the most common species of the group in offshore surface 
waters from this part of the Levantine Sea (Kimor and Berdugo, 1967 and 
Kirner and Wood, 1975), represents the most widely occuring and abundant 
species in the basin. It has also been recorded in deep-sea surface 
sediments from the Ionian Sea (Geronimo, 1970) and known to be common in 
the Gulf of Naples (Richter, 1968). 
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P-Ils 
The growth equation of Temora stylifera Dana 

C. YMNOPOULOS 

Department of Zoology, University of Athens, Athens 15784 (Greece) 

The von Bertalanffy growth model has been introduced to aescribe the growth 

of cephalothora:c of the copepod Temora stylifera DANA. Measurements have been carried 

out on adults only and the calculated parameters, for the male individuals, are: Leo= 

1.28 m>n, k=0.38 and t 0 =-0.6?; the growth equation may be UJritten as follows: 
lt =1.28 ( 1-e-0.38 (t+0.6?}! 

Taking into consideration the existing evidence, from the current bibliogra

phy, that the approximate generations interval, for Temora stylifera, is three to fouP 

weeks, the total time needed, for males to reach their ma:cimwn length, has been roughly 

estimated to five to six months. 

This study has been base:i on zcx:plankton sarrples, =llecte:i with a WP-2 

nylon net, mesh size 0.24 nm, fran a station grid of 14 localities, during a t\oA:l and 

a half year perio:1, fran a certain area of the Aegean Sea, North Evoikos Gulf, on 

the course of 14 carrpa.igns. 'Ihe sarrpled vicinity can be considered as an enclosed 

one, alm::lst isolated, and is characterized by the well mixed water nasses, in the 

whole column, max depth up tc 80 m., due tc the strong tidal =rents. 
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The att:enpt tc detennine the growth equation parameters has been based on 

the adult male cei;halothorax rreasurements only in order tc avoid the possible size 

diversion due tc the different gr=th rates between males and females, plus the fact 

that males were nore abundant during nost of the sarrpling pericds and the interference 

of the abdcmen length variations. Prelirninary calculations denonstrated a well known 

J;henanenon, that, in roth sexes, the total length of the copepod versus cephalothorax 

presents a better oorrelation than the tctal length versus abdCilleil. 

10 13-1 sample number 
13 campaign 
1 station 

nnr 
102.62!1..99 

FEBRU:;;_, (jf 
131.63!3.32 

11.4..00!3.72 

divisions 

70 80 90 100 110 120 130 140 

Measurarents have been perfonned on 

specimens obtained fran one sarrple 

only for each sarrpling perio:1, where 

an abundance of adult individuals had 

been noticed. Various metho:1s, for the 

proper estimation of the cephalothorax 

length, have been applied but canpetent 

results were revealed by the use of a 

projecting device only, under a total 

magnification of 127 times. Less 

accurate approaches did not provide 

adequate length estimations in order 

to choose the suitable class·. range at 

the size-frequency histograms. 

The forarentioned rnetho:1ology, exposed a repeatable size - frequency 

distribution, fran all sarrples analysed. For each sarrple three cohorts were usually 

observed. An exarrple of the revealed groups of sizes, based on the selected class 

intervals, is given in the histogram. It should be noted that 1 mn equals tc 127 

divisions and the rreasurarents- accuracy is 1.0 division. It is believed that these 

P<0.001 
O= L00 =162"= 1.28mm 

size-frequency distributions 

are reflecting a sequence of 

generations because: 

1) Specimens fran one sarrple 

only, of such a peculiar area, 

must belong tc the sane patch. 

Each cohort includes individuals 

with oorresponding gr=th rates, 

so, the different groups of 

sizes can be attributed tc 

suocessi ve spawning pericds. 

This lirplies also a regular and 

simultaneous spawning activity 

of all females. 

2) 'Ihe difference between the 

means of t\oA:l successive cohorts 

of older generations, e.g. fifth and forth adult generations, is smaller but of the same, 

nore or less, magnitude, for all sanqoling pericds, than that fran the younger ones, e.g. 

third and second. Consequently, the variations of the mean values can not be attributed 

tc tanperature influence only, since, during these pericds, tanperature presented 

increase:i or declined alterations. 

A canbinaticn of the different data, provided the Y = lt+1-1t versus 

X = lt , plot, where 1 is the cephalothorax length and t the =rresporrling time. 

'Ihe maximun adult male cephalothorax neasured 1.22 nm and the minimum 

0.50 mn, with corresponding total lengths of 1.61 and 0.89 mn. No adult specimens 

with smaller cephalothorax size has been noticed in our sanples, therefore it is 

considered that around this min value, the integration of the adulthcxxl occurs. 

Fran the figure, the awroximate nunber of generations needed for the individuals tc 

reach their max length can be estimated, fran five tc six or possibly seven. 

The growth coefficient, k = 0.38, attains rather high values, probably 

due tc the eutrophic character of the ea:lSystem studied. 

'Ihe to growth parameter, calculated for the different generations, gives 

similar values, meaning that, in all cases, it has been alm::lst equally underestimated 

a little more than half of a generation perio:1. 
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P-II6 
Parasitic infestations 

in coastal Mediterranean Pelagic Copepods 

A !ANORA and B. SCOTTO 01 CARLO 

Stazione Zoologica, Napoli (Italy) 

Although descriptions of parasitic infestations of cope pods by 
dinoflagellates date back to the last century, to date little infor
mation is available on the occurrence and incidence of parasitism in 
marine copepods. Most of the available information is contained in the 
monographs of Chatton (1920) and Sewell (1951). The vast majority of 
other papers contain only brief observations on the presence of in
ternal parasites. 

During the course of our studies on planktonic copepods in the 
Gulf of Naples, we have observed that most copepod species belonging 
to common genera such as Ca lanus, Clausoca lanus, Ctenoca lanus, Centro
pages, Acartia, Oncaea and Corycaeus are infested with internal dino
flagellate parasites and unidentified forms of protozoa, fungii and 
bacteria. Such infections can generally be grouped into two main ca
tegories including coelomic parasites that invade the entire body ca
vity of their hosts and parasites of the digestive tract. The common-

b 

Fig. 1. Paracalanus parvus infested 

by Syndinium sp. (a) dorsal 

view; (b) histological sect

ion showing the complete des

struction of the gonads. 

est form of coelomic infection has 
been observed in Paracalanus par
vus infested by Syndinium sp. that 
induces drastic changes in the ex
ternal morphology of the host (Fig. 
1a). This is the most devastating 
form of infection since it always 
leads to sexual castration (Fig.1b) 
and, most probably, death of the 
host. Ianora et al. (1987) report 
infection rates of up to 30% for 
this species. 

Another common form of coelomic 
infestation is due to bacteria that 
do not induce any apparent changes 
in the external morphology. Internal
ly, however, infection seems to lead 
to sterility since mature oocytes 
have never been observed in such in
dividuals (Fig. 2a). Occasionally, 
copepods have been found infested 

by unidentified fungal and protozoan parasites (Figs 2b and 2c) . In the 
former, the parasite is dispersed in the entire body cavity whereas in 
the latter case the parasite occupies most of the prosome having com
pressed the stomach onto the dorsal part of the carapace. In both cases, 

a 

Fig. 2. Histological section of (a) Clausocalanus furcatus infested by 

bacteria; (b) C.pergens infested by fungii; (c) C.arcuicornis 
infested by a protozoan. 

·Fig. 3. Clausocalanus lividus infes

ted by Blastodinium sp. (a) 

lateral view; (b) histologi

cal section. 

the gonads of the host are comple
tely destroyed. 

The most common form of infe
station by parasites that lie with
in digestive tract of their hosts 
is due to dinoflagellates belong
ing to the genus BZastodinium (Fig. 
3a) . Such infestations seem to be 
less devastating since, at the hi
stomorphological level, the gonads 
contain oocytes in different sta
ges of development (Fig. 3b) . 
However, we have never observed rna
ture oocytes in such individuals 
and specimens of different species 
maintained in the laboratory do not 
produce eggs. 
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P-II7 
Salinity a decisive factor In the length of Cephalothorax 

of Acartia clausi from three different areas 
(Greece and Ivory Coast) 

R. GAUDY•, M. MORAITOU·APOSTOLOPOULOU ... M. PAGANO·····. 
L. SAINT-JEAN' .. and G. VERRIOPOULOS .. 

• Centre Oceanologique de Marseille, Faculte des Sciences de Luminy, 
1;3288 Marseille Cedex 9 (France) 

•• Zoological Laboratory. University of Athens, 15784 Athens (Greece) 
••• ORSTOM, B.P. 5045, Montpellier Cedex (France) 

The purpose of this paper was to study and complete the data relating to the 
influence of environmental factors (primarly salinity) on the body size of 
Acartia clausi (Copepoda). 
We thus, compared the length of cephalothorax of female adult Acartia clausi 
living a) in Greek waters and especially in Saronicos gulf with a common 
Mediterranean sea sa 1 ini ty, in Amvrakicos gulf (bracki shwater area), source : 
Moraitou-Apostolopoulou et al. 1976 & 1986. b) in the lagoon of Ebrie - Ivory 
Coast (bracki shwater area), source : Saint-Jean & Pagano 1984 and unpublished 
data. 

MATERIAL AND METHODS: 

Sampling was carried out at different periods during 1978-79, 1981 and 1983 
for Greece and every month in 1981-82 and 1984-85 for Ivory Coast. Simulta 
neous measurements for temperature, salinity and phytoplankton were also 
performed. About 100 mature female Acartia were examined from each sample. 
In order to estimate the interacting influences of different environmental 
parameters we performed corre 1 at ions and regression ana 1 ys is between the 
length of cephalothorax and the three environmental factors. 

RESULTS: 

The ranges of salinity, temperature, phytoplankton and length of 
cepha 1 othorax were: 

Salinity Temperature Phytoplankton cepha 1 otorax 
(%.) ('C) ( m) 

Saronicos 
Amvrakicos 
Ebrie 

37.7-38.2 13.7-23.7 1 - 492 * 
7.0-36.0 7.0-27.0 669 - 1634 * 
0.0-30.0 25.0-31.0 2 - 128 ** 

941 - 995 
919 - 950 
604 - 933 

* 103 cell/ml ** mg( chla + pheopig.)/m3. 

The corre 1 at ions between the 1 ength of cepha 1 othorax of A cart i a and the 
environmental factors are shown in table 1. 

GREECE 
(n=7} 

simple 
partial 

Temp.('C) 
0.520 NS 
0.450 NS 

Sal.(%.) 
0.881 *** 
0.528 NS 

Cone. (phytopl.) 
-0.747 * 
-0.081 NS 

IVORY COAST simple 0.168 NS 0.795 *** 0.137 NS 
Tot.(n=ll4) partial -0.055 NS 0.791 *** -0.113 NS 
S > 7%. simple 0.462 ** 0.615 *** -0.101 NS 
(n=38) partial· 0.447 ** 0.580 *** -0.146 NS 
S < 7%. simple 0.236 * 0.474 *** 0.407 *** 
(n=76) partial 0.011 NS 0.301 ** 0.175 NS 
Tab. 1.- Simple and partial correlations between cephalothorax and 
Temperature,Sal inity & Phytoplankton concentration. NS no significant, 
* 95%, ** 99%, *** 99.99% significant. 

The correlations prooved that, among the three environmental factors 
considered, salinity appears to be the primary factor influencing the 
formation of the body size of Acartia clausi for the three examined areas . 
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f.i9..1.- Relationship length - salinity for Greece (•) and Ivory Coast (+). 

For low salinities, between 0 and 7 %., the relationship length-salinity is 
expressed by an important increase; for higher salinities, 7-38.5%., the 
increase is less important (fig.1). 
There is no statistically significant (t-test) difference between the 
examined areas : linear models for S > 7 %. with slopes of 0.0034 and 0.0028 
for the Ivory Coast and Greece respectively and intercepts of 0.86 and 0.82. 

CONCLUSION : 

From the study of the data the following were observed : a) increases in 
salinity leads to increased length of cephalothorax, b) temperature and 
phytop 1 ankton concentration p 1 ay a secondary ro 1 e as opposed to what happens 
when salinity does not vary (marine environments). 
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P-Hs 
Joint effects of temperature and salinity 

on the mortality of ~ 

H.MILLIOU 

Zoological Laboratory, University of Athens, 15771 Athens (Greece) 

The study of the effects of the environmental factors on tt1e 
DhYS!Ology of organssms enables to fix toler-ance limits and to 
deftne the most favourable condtttons for the optimal energy balance 
of the !lldividuals.Among the marme metazoan species the most easily 
reared the Jabarator·y through a complete cycte,harpactiCOid 
copepods of the genus Tisbe the most interesting because of 
their tolerance to environmental factors ,their substantial 
reproductive capacity and their short life cycle. 

In this study we examined the joint action of temperature and 
salinity on the mortality of Tisbe as these factors appear to play 

predominant role '" its natural biotope.We have tested three 
temperatures (1-4,19 and 24oC),four salinities (26,32,38 and 4-4Z.) 
and all their combinations,in order to examine possible interactive 
synergetic effects. 

The experimental specimens from labaratory cultures 
regularly enriched W1th individuals from the Gulf of Saronikos, 10 
order to avoid inbreeding effects.A limited number (15-20) of 
fertilized females carrymg egg sacs isolated from the mass 
culture and placed in 50 ml glass containers.lmmediately after egg 
hatching the parental females were removed from the containers,which 
were examined daily for 16 days. The counting done under a 
binocular m1croscope by transfering individual naup1ii an'ct 
cooepodites. 

M.INITT 

Fit-2-Hio\otraoofLT:!Oto 
thtcolbinatior~sof: 

5:2,,32,31,441 
Tll4,1t,24C 

II 

!lll.1MllY 

----------··;··---~-----------------------------Lr50·-------iii-

!i~c:i2,i:·: ···:o:,oi _____ ii:ti··-·o:mi·------~:•·----i7:7~-
m"t-sm.: -o.m 23.31 o.,lo .., 'us 
m•t-1311.: ·3.0t1 20.12 O.t671 12.1 54.U 
moe-1m.: -1.m 21.11 o.t607 11.' 57.29 
moc-mx.: -o.a• 21.95 o.mo 5., 10.12 
m"t-1m.: -1.m 22.n '-"60 10.35 5Ut 

Tlt"C·Illl.l 0.040 17.U '·"" 17 U.tl 
moe-sm. 1 -1.707 ~-77 o.ttto 12.1 55.17 
m"t-ml.: 27.t60 24.H t.tu5 2.4 "·" 
Tl4"C·U21.: -o.04l 26.07 '·"" 6.1 72.01 
Tl4"t·S31t.: o.m 21.00 o.mt 1.75 u.11 
n .. c-1m.1 ·1.114 u.tt o,,,. 1.2 10.10 

Fiq.1.Hiototrtool aorhlityi 
atthtl&thdaytoall 
tho ci!Miftltioftl olt 

5:26,32,38,441 
T:I4,1,,24C 

Toilo1.b:ri•torc.,t, o:il ... , r:car.-.loti•c•flicilllt, 
lm.tia far 501 •to:ity1 lll:•lality% 
lw thtl6thNj>,ulcvlatM tht,....tilll 

y .. lol .. ,y:•lllity,x:6ay. 

----------··r··-·iii·------.,:-··:····u;o···-··u[·-

Toilo2.11ortolityl,l~IMUwirrniMhnlcvlot• 
oiU. tilt .. ltlpt rop-tHi•INiyolo. 

1 I 
!24"c=i26i:·:···ti:i;o··--1:2m·-~---·i:ii2··-··:i510-
m~-sm. : u.l61 o.4tll 10.157 -1.2m 
moc-1311. 1 54.152 t.4712 1 12.111 o.ms 
moc-1m.: H.471 -2.1105 1 11.101 o.un 
m"t-1261. 1 11.nt -1.11n 6.110 -o.sns 
moe-1m.: 51.410 1.2t11 1 u.m -um 
Tlt"t-Slll. : 4t.472 -o.5611 14.115 2.t041 
moe-sm. : 54.7to 1.m1 12.141 -0.110s 
Tli"C·Im.: ... 600 t.l505 1.222 1.1'10 
moc~sm.: 73.241 -1.2m •.m -o.l37l 
moc-sm.: 64.712 -o.:u11 •.m -o.4077 
114"C-sm. : u.5SI 1.ms 1.101 -o.mo 

Stat.JStJcal analysrs of the daily observed mortalityY., caused by 
each experimental condition,indicated that the data followed 
logarithmic curve,which can be expressed as Y=- b+m.lnx y:mortality 
F., x:day.Table shows the y-intercept(b),the slope(m),the correlation 
coefficient(r), the mortality/. for the 16th day and the lethal time for 
507. mortality (l T50),calculated for each combination of the tested 
factors,with the above linear equati9n. 

At all salinities the mortalityl. decreased from 1-40 to 
19°C and increased from 190 to 24oc. At all temperatures 
the mortality 7. decreased from 26Y.. to 387.. and increased from 38Y.. to 
-44Y.. (Fig.t).Temperature had substantial effect the 
mortality,although the action of salinity limited. The values 
of l T50 wer·e low in low salinities and temperatures,while the lowest 
value corresponding to the combination of 19oc 26l.. indicated 
very rapid mortality of the nauplii (Fig.2). 

The correlation between the mortality/. the 16th day,or the 
l T50,and the tested values of the one examined factor (temperature or 
salinity) can be expressed by the Quadratic eQuation 
Y=ao+a,x+a2x 2 .The trivariate data of the joint effects 
of temperature (y) and salinity (x) on the mortality or the L T50 (2) 
fitted to a multiple linear regression expressed by the 
following polynomial equations: 
Lz= 49"2 .9135-15.003 2x + 0.19 91x2 -14.9 7 86y + 0.3888 y 2-0.023xy ,z:HY.,r =0.99 7 6 
2. Z = -10 4 .6166+ 3.5059 X -0.0 4 8 4 X 2 + -4.9615 y- 0.13 4 2y 2 +0 .013 3 ry ,l: l T ,r = 0. 9 59 2 
Table 2 shows the values of mortahtyY. (for the 16th day),LT50,and 
the~r res,duals,calculated w1th the above equations,for each examined 
combJndtJon. 

The Present study supported financially by the Mm1stry of 
A9rlculturt> {Department of Fi:;t1ery). 
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Les Copepodes des iles Baleares 
en rapport avec les masses d'eau 

F. VIVES• et J.L LOPEZ-JURADO•• 

• lnstilulo de estudios Avanzados de las Islas Baleares. Palma de Mallorca 
.. Centro Oceanografico de Baleares. Palma de Mallorca 

On pre.sente les resultats de 1' etude des populations de cope.podes pr€.1eves dans 
des plkhes verticales effectuees par paliers entre 0-50, 50-200 et 200-500 m., et 
de 1' identification des masses d' eau pr€sentes dans la mer des Baleares jusqu 'a 
1000 m. de profondeur. 

Ces etudes ont et€. r€alis€es pendant les p€riodes d'homothermie (mars), de for
mation de la thermocline (mai) et de stratification des eaux (septembre). 

COPEPODES 
La distribution verticale du nombre des copepodes (ind./m3) montre que plus de 

95 % de la population se trouve au-dessus de 200 m. D1 apres les chiffres obtenus on 
constate que cette population est relativement pauvre. presentant des densit€s plus 
hautes pendant la periode d'homothermie que durant la stratification des eaux. Les 
basses valeurs observees en surface en mars s' expliquent par une plus grande compe
tition alimentaire en presence des grandes populations d 1 animaux gelatineux (Sipho
nophores, Meduses et Salpes). 

Au total on a determine 116 esp€:ces dont 16-18 (selon 1 f €poque de 1 I annee)' 
representent a peu pres les 90 % de la population to tale' tandis qu' une centaine 
atteignent difficilement les 10 %. restants~ Dans le premier groupe on y trouve 
les especes perennes, communes dans toute la Mediterranee. Dans le second il y 
a les esp€:ces les plus interessantes du point de vue hydrologique. Cet ensemble 
renferme le groupe qui realise une forte migration verticale (tableau I) et un 
autre qui effectue seulement de petits d€:placements. 

HYDROGRAPHIE ET COPEPODES 
Quelques auteurs dont BANSE, (1964), ont. indique que les populations planctoni

ques sont li€:es aux masses d 1 eau oU elles habitent et que la dynamique de ces masses 
peut expliquer generalement leur distribution. 

En utilisant les valeurs de sa:linite et de temperature nous avons identifie les 
masses d' eau qui se trouvent dans la mer des Baleares. 

supe~i~~is d~~sdu!. ~a p:~r u~0!ei:~:~r~' :~~~e d~~~hi~e!a~~i~~cAp~~~x~=~~i!~s d:
1
I:aux 

partie nord, n 'atteint pas 38 % et d€pend d 'une plus ou moins grande influence de 
1 1 eau atlantique qui se manifeste au maximum pendant le mois de septembre. 

Entre 50-200 m., nous trouvons les eaux septentrionales, sp€cialement dans les 
s~ations du versant nord, 1 'aire d' Ibiza et le canal de Mallorca. Avec des valeurs 

TABLEAU II - Especes subsuperficielles trouvees 
frequemment a la surface pendant la nuit .. 

Calanuaaracilill 
Scoleeithricdlatlentata 
Euchirellaap.jv. 
PleuJ'OIIlUIIII81V&cilis 
Pleur()IUI!Iraa&bdominalh 

~~::!l!::u:~-ta 
Lucicutia tlavicornh 
Vettoriaaranuloaa 
Clytemnestra roatrata 

de salinites au-dessous des normales, en mars (T = l3°C. S ~ 38.1 %) comme CO'}Se
quence du melange avec des eaux plus denses mais moins salees, de formation regio
nale, ou bien a la suite d' influences continentales (canal d' Ibiza~ et, ~vee des 
valeurs tres caract€:ristiques en mal (T-13°C, S = 38,2 %) moment ou son epaisseur 
est plus grande a Finalement, pendant l' ete oceanographique (septembre), ces eaux 
montrent un processus de melange avec les eaux orientales qui se trouvent au-des-

TABLEAU III. - Especes tres fr€quentes dans les masses d • eaux observ€es dans la 
mer des Bale.ares. (Les valeurs entre parentheses indiquent le pourcentage de 
1 'espece. trouvee dans chaque niveau consid€re) • 

Iachno<:alanuaplu1111uloaua 
Calocalanuaatylireaia 

~~!::!~:u:
8

~catua 
D1a1x1apypoaa 
Centropqea violaceue 

CandaeiasllftPleX 

;:~~:::l:::t~:raena 
Euaetide~aieabreehti 

SsPphirina sal! 

Chiridiua pop~i 

Spinocalanua abysselia 
Pachoaap. 

(100) 
( 91) 
(89) 
( 1) 
( 85) 
(100) 

(100) 

(9<1) 

{ ?) 
(88) 
( 69) 

(100) 

(100) 

(79) 
(100) 

(100) 

I&chnocalan••• pl•1111u1osua (100) 
Calocalanua•tyliremia (~) 
C&localanUIIpavo (&II) 
Clausocalanusrv.rcatua (78) 

Corycaeu.a fureif•r 

(59) 
(97) 

(65) 

Chiridius poppei (100) 
Seolecithr1cella abyssalia (100) 
spinocalanua abyaaali8 (100) 

Oncaeadentipea (100) 
MormonUla rdnor { 67) 

Ischnoc:alanua plUIIIuloeua 
Caloea1s.nuaatyl1reaie 
Calocalanuspavo 
Clausocalanua !ure:atus 

C•ntropa1ea violaeeua 
Candaeiaaethiopica 
Candacia aimplex 
Acartia danae 

~:!!!:1:•:!::~::ea 

( 83) 
(94) 
(88) 
(98) 

(94) 
{100} 
(100} 
(95) 
{100) 
(84) 

Clauaoealanu&peraene (62) 
AetideuaU"!ftatua (75} 
Euaetideua &ieabreehti (100) 
Pleuroa&rRN. borealis (100) 
P1eur0ftl....,robuata (100) 
Sapphirina aali (100) 
Coryeaeua furciter ( 62) 

Chirid1ua poppd ( 70) 
ScolecUhrieella abyssalia (100) 
Spinocalanua abyssalia ( 945) 

Oncaea dentipea (100) 
Mon110nilla minor ( 66) 

Entre 200 et 600 m. on y trouve 1' eau orientale qui entoure les tles d 'une 
fat;on tres evidente (T c 13.2•c, et S - 38.5 %) pendant le, .mois de mars, speciale
ment dans la partie septentrionale de 1 1 Archipel, canal d'Ibiza et de Mallorca. 
Dans cette p€riode on observe que cette masse d' eau a une grande puissance. D 'autre 
part en mai, malgre sa Claire idendite, son €paisseur semble etret dans certains 
endroits, comprimee entre 1' eau· septentrionale plus puis sante a ce moment, et 1' eau 
profonde. Leur presence devient moins claire en septembre par suite du melange en 
profondeur avec les eaux adjacentes. De· plus on observe que la temperature la plus 
€levee, est inferieure a 13.1°C, ce qui semble indiquer que ce melange affecte toute 
1' €paisseur de la nappe d' eau. Sur les stations m€ridionales, dans lesquelles 1 'eau 
septentrionale se manifeste avec moins de puissance, 1' eau orientale se trouve a 
des niveaux moins profonds. 

Au-dessous de ces eaux, pres du niveau de 600 m, nous trouvons lea eaux 
profondes. pratiquement pendant toute 1 'annee, et en ete seulement see limites 8 f es
tompent par des processus de melange qu 'on a deja indiques. 

En relation avec les peches verticales, effectuees pratiquement dans lea masses 
d' esux identifiees, nous trouvons un ensemble d' especes qui sans etre typiquement 
indicatrices, carscterisent les populations de copepodes qui y habitant. 

De la comparaison de ces groupes on deduit que pendant la campagne de septembre, 
avec une grande importance des eaux atlantiques~ nous trouvons une plus grande di
versit€ specifique. Calocalanue pavo, Centropages violaceus et Acartia danae avec 
les autres especes citees dans le tableau III, se trouvent bien representees dans 
la masse d'eau atlantique. 

Les eaux septentrionales qui se manifestent clair€.Jient entre 50-200 m., presen
tent de notables affinites specifiques dans les trois campagnes effectuees, Et en 
ce qui concerne le reate. la strate de 200-500 m •• etant donnes lea melanges obser
ves, nous pouvons citer seulement Chiridius poppei, Spinocalanus abyssalis (sensu 
lato) et Mormonilla minor, comme especes lea plus typiques des populations qui 
habitent les eaux orientales. 
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P-II10 
Tuscan Northern Tyrrhenian netzooplankton 

Autumn 1986 

Serena FONDA UMANI and Alessandra DE OLAZABAL 

Department of Biology, University of Trieste, 34127 Trieste (Italy) 

Durin~ a cruise in the northern area of' the Tuscan Tyrrhenian Sea 

( fi 1 ~.1) in autur.1n 1086 zoopla.n~"ton Has sar.1pled v;it~ a WP2 net ( 2'JO 

1:1es:1 size) at 2~1 stations, by vertical hauls fror1 50 m to surface .. Ta

xonomical analysis ·.o~ere CB.rried out on a signiliCi.<nt sub:.Hlr!ple, ash 

free dry wei,c:ht (A.F.D4\•:.) was obtained as indicated :.n Lovegrove 

( 1966). 

\,l.'e fou'1C. 43 species and 9 genera of Copepods, nll of t:1ese, \lith 

the on 1 y ex c e p t ion of ~i-..!:~~2_~_£..!.&~.£~~ and ~~~~~£~~.l~!2~~--~!£!2E~!~~, 
strictly coastal species, are considered by Scotto di Cnrlo et al .. 

(1984) as typical epipelar,ic tyrrhenian zooplankter .. 

On the contrary there is not a good accordance with Vives (1967) 
data !or the same area, probably because we have sar.:pled only at 

face layers. 
Cope pods prevai 1 in the whole area: the nost comnon genera 

Oithona { 0. heleolandica 1 0. plumif'era, .J. setieera) 1 Clausocalanus 

~~~~~f~~~~~H~i~=~~~~~~!::~!~~~~~:~F~!~~~gff!1:n ~!O£~~!IiJ~~::IE 
stages of' all the Copepods are very abundant. Among the other zooplan

ktonic groups only Tunicata {with genera Q~!:.££.!!:~~ and !2.£!~£.!.~~) and 

Chaetognatha (with genus Sagitta) show a relatively high density. 
Density values (as i;di;iduals . m ) range from a minir.tum of 163 

(st. 32) at maximum of 1865 and J545 i"d •• m ( st. 7 and 21); ge-

fig. 2 fig. 3 

nerally speaking, the higher values are found around Elba island and 

the tuscan coast (fig.2). 
Higher values of A .. F. D. W .. were found at 

::at~on: 3~~ :~= =i~:::~e:~i::~:i:~-9 4:ndb~: 
(3.6 mg • m

3
). The A.F.D.W. values have 

distribution similar (fig.3) to that of 
density values (as ind •• m3 ), even if not 
perfectly correspondinge Differences 
due to the composition of netzooplankton 

population and are stronger when the densi
ty of Protozoa, antomedusae, doliola and 

young copepodi ts are very high e 
Based on the Copepod epipelagic popu

lations we have separated the sampling 
fig. 4 log dissimilarity stations into homogeneus groups by using 

an ordination method (clustering analysis 
on a distance matrix (option chord) (Lago
negro and Feoli, 1985) (fig.4). 

scale 

So we can distinguish three areas (fig. 1): 
the first, comprising stations 4, 7, 14, 21, ?2, 26 1 48, 49 bis and 71 
strictly associated and characterized by neritic species, 
the second ( st e 1, 8, 10, 12, 30, 35, 40 and 61), also well associated 

and with a relatively good correlation with the first, wich we 
sider also influenced by neritic characters and, at last, 
the third, constituted by stations belonging to the central area of 
the sampling rectangle (st. 32, 46, 55, 65, 74 bis, 75 and 89), with 

oceanic characters. 

To sum up,. the tuscan northern tyrrhenian is characterized 

by a relatively rich netzooplankton surface biomass both as regards 
its density values (as ind •. m3 ) and A.F.D.W. values. The epipelagic 
Cope pods prevail all around the sampling rectangle, only near the tu
scan coast and Elba island do we find some typical low salinity spe-
cies. 

The stations • rank order, produced by cluster analysis 1 individua
lize two distinct neritic groups, located both eastward and westward 
of an oceanic central group. 

Consequently we conclude that not only does the tuscan coast in-

fluence the netzooplankton surface distribution, but also that of Cor-
sica and Elba islands. 
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P-II11 
Copepod community of the Maloston Bay (Middle Adriatic) 

as affected by natural eutrophication 

Dubravka REGNER 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

The paper decribes some results on qualitative and quantitative 
investigations of copepods in the Maloston Bay, unpolluted, but naturally 
eutrophicated area in the Middle Adriatic. 

Since copepods, the best represented group of net zooplankton respond 
quickly, both by composition and quantity, to the changes of the environment they 
inhabit, the consequences of eutrophication on the copepod community of the 
Maloston Bay will be discussed here. Basic hydrographic parameters (T°C, Sal0 /oo 
and density) showed that the whole area is under a very strong influence of the 
land (Vukadin et al. 1986). The influence of river Neretva is strong too, but of 
very short duration. 

Material for these investigations was collected by a "Hensen" plankton 
net (73/100, silk No 3), from bottom to surface in the 1985/1986 period, and some 
·results from 1980/1981 were used, too. Station 1 (25 m depth) is situated at the 
entrance to the bay, station 2 (20 m depth) in front of Klek, station 3 (20 m depth) 
in front of Neum, station 4 (8 m depth) at the entrance to the creek named 
Bistrina, and station 5 (75 m depth) in the Mljet Channel (Fig.l). A total of 40 
species and 2 genera (with about 6 species) were recorded from the whole area of 

Fig.l. The study area 

bay. Most of them are common neritic 
species, widely distributed in all 
inshore Adriatic areas. The dominant 
species were: Ctenocalanus vanus, 
Paracalanus parvus, Centrop~ypicus, 
Centropages kroyeri, Temora stylifera 
and Acartia clausi. 
The ~ce of Nannocalanus minor, 
Calanus tenuicornis, Clausocal;u;u;;-
pergens, Clausocalanus parapergens and 
some others, is indicative of some open 
sea effects, since they are predominantly 
pelagic. The biggest number of such 
species were found at station 5 in the 
Mlj et channel (as it is under the 
strongest influence of the open sea), 
in winter or even in summer, depending 
on the system of currents in the Adriatic 
(Zore-Armanda et al. 1974). 
Besides, we t;ould not find either the 
seasons for the incoming of pelagic 
species to the bay, nor the seasons for 
the maximum number of species, as they 

were caused by some determined situations (direction of currents, winds etc.). 

As the composition of copepods is very similar in the recent .investi
gations to the previous data (Buljan et al. 1973), we can conclude that it has 
not been changed in the longterm period under the influence of eutrophication 
from the adjacent land. 

Besides the composition the number of species, the number of copepods 
/m3, the diversity indices were also studied. At Tab.l., the data from 1980/81 
and 1985/86 period were compared for all above-mentioned parameters. 

Tab.l. The number of copepod species, the number of copepods/m 3 and the 
diversity indices in 1980/81 and 1985/86 period 

The number of species The number of copepods/m 3 Diversity indices 
1980/81 1985/86 1980/81 1985/86 1980/81 1985/86 

Station 1 26 26 + 2 399 769 4.00 4.07 
Station 2 22 22 + 3 421 959 3.47 3.50 
Station 3 23 23 + 2 584 1266 3.45 3.36 
Station 4 18+1 18 + 2 293 1595 2.29 2.58 
Station 5 33+1 29 + 3 186 370 4.21 4.30 

It can be seen that the composition of copepods- number of species, has 
not been changed in the five-year period inspite the influence of eutrophication 
from the adjacent land. 

The values of diversity indices (Margalef, 1951) - as an impresion of 
the copepod structure - do not show any difference in 1985/86 year in comparison 
with these in 1980/81 year. 

On the contrary, comparing the abundance of individuals, we found in 
the last period 2-5.4 times higher values in the whole investigated area. Such 
an evident increase in the five-year period, we could only connect with effects 
of eutrophication in the Maloston Bay area, that have caused the first step of 
changes in the copepod collllllunity. Besides, this increase was the highest at the 
station 4, situated at the creek of the bay, i.e. the most threatened area. 

Sulllllling all these results mentioned above, we can conclude that the 
increase of the copepod number in the Maloston Bay area is the only sign of natural 
eutrophication for the copepod connnunity of the investigated area. 
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P-II12 

Zooplankton composition and distribution 
up to 3000 m depth In the NW Levantlne Sea 

MA PANCUCCI-PAPADOPOULOU and I. SIOKOU-FRANGOU 

National Centre for Marine Research, 16604 Athens (Greece) 

Among the few studies on the offshore =ooplankton ~f the 
Eastern Mediterranean Sea, only three describe zooplankton 
composition below 200m in single scattered stations of the 
Levantine Sea. 

During Spring 1986, zooplanKton samples were collected in 
four stations of the NW Levantine Sea. Sampling was performed by 
vertical hau~s of a WP-2 closing net and sampling layer: 3nges 
were chosen after profiles provided by a CTD-cast. 

Maximum values of zooplankton density were observed in the 
upper layer, followed by a reduction with depth. Below 1000m, 
only 0.1 to 0.2 ind/m 3 were found. Comparison of our data with 
previous studies seems to be difficult because of different 
sampling methods. Zooplankton density does not differ 
significantly among Levantine, S.Aegean and Ionian Sea (Pancucci 
& Anagnostaki, 1987), varying between 27 and 90 ind/m3 for the 
layer 0-500m. Results from the S.Mediterranean Sea (Porumb et 
al., 1981) showed h~gher ·values (310 indjm3) fot- the layer o-
400m. As the mean copepod percentage in the above areas was 80%, 
their density seems to be in agreement with Scotto di Carlo et 
al.(1984) for the layer 0-500m. 

As far as the composition is concerned, a decrease of the 
number of the taxonomic groups was observed with the depth. 
Copepods were by far the dominant constituent, with percentages 
between 64% and 92%. Their importance generally increased with 
the depth except in some cases, where ostracods presented maximum 
percentage. The latter group was the second in abundance and 
occurred in higher values in the mesopelagic layer. Among the 
other plankters, chaetognaths were constantly present in 
relatively large numbers throughout the water column. Important 
contribution to zooplankton community of ostracods and 
chaetognaths was also reported for the Tyrrhenian Sea (Scotto di 
Carlo et al. ,1984) and Levantine Sea (Delalo, 1966). Kirner and 
Wood (1975) also reported high percentages of ostracods between 
3000 and 4000m east of Rhodes island. A total of 96 copepod 
species were identified, most of them being distributed in the 
two upper layers, while only 6 to 9 species were found in the 
layer below 1000m. 

Copepod species can be distinguished in four groups according 
to their depth distribution a) epipelagic species, like 
Corycella rostrata, Oithona helgolandica, QQrycaeu~ typicus, 

Clausocalanus furcatus, Clausocalanus arcuicornis, Clausocalanus 
jobe i, Paraca 1 anus denudatus and Mecynocera ..::.1 i!!J§..i, with maxi mum 
abundance between 0 and 200m; b) Species abundant between 0 and 
500m, like pncaea mec:fj_g, Oith9.ll~L_Qlumif~rg,, Oncaea medi.!&rranea 
and a great number of copepodite stages of Clausocalanus; c) 
Subsurface and ~ntermediate species, with max abundance from 150 
to 700m Lucicutia gemina, copepodites of Lucicutia, 
Scolecit.bLU bradyi, Pleuromamma_.9.[_i'!_d]j_§_, Scolecithric~ll;:--;~; 
d) Species abundant between 500 and 3000m, like Eucalanus 
~onq~Q~, Euchirella messinensis and Qncaea sp. 

Our ~esults are partly in agreement with Delalo's (1966) data 
for the layers between 100 and 500m. Zooplankton collected west 
of Rhodes Island (Siokou-Frangou, 1987) showed a similar specific 
composition. This similarity was mainly observed between the 
station 54 and the SE Aegean sea. Though, we could reenforce the 
hypothesis of Pancucci and Anagnostaki (1987) that a 
communication seems to exist between the Levantine Sea and the SE 
Aegean Sea through the Rhodes strait, confirming also the water 
circulation in the area. 
REFERENCES 

DELALO, E.P. ,1966. The zooplankton of the Eastern Mediterranean 
(Levantine Sea and Gulf of Syrte). In: Investigation of 
plankton in the South Seas, Ed.Science M. : 62-81 

KIMOR,B. & E.WOOD, 1975. A plankton study in the Eastern 
Mediterranean Sea. Mg,~ Biol., 29 : 321-233 

PANCUCCI-PAPADOPOULOU M.A. & K.ANAGNOSTAKI, 1987. Notes on the 
composition and distribution of zooplankton collected during 
the 2nd oceanographic cruise of the R/V "Aigaio" (Spring 
1986). Proc.2nd Hellenic Symp.Ocean.& Fish. (in press) 

PORUMB, F., I.ONCIU, E.IALINA & A.PETRAN (1981 ). Sur le quantites 
du zooplankton dans les eaux de la Mediterranee du Sud. 
Rillill_._Comm. i nt. Mer. Me_di t. , 27 ( 7) : 119-120 

SCOTTO DI CARLO,B., A.IANORA, E.FRESI & J.HURE , 1984. Vertical 
zonation patterns for Mediterranean copepods from the 
surface to 3000m at a fixed station in the Tyrrhentan 
Sea. J.Plankton Res~, 6(6) : 1031-1056 

SIOKOU-FRANGOU,I. ,1987. Aspects of the vertical distribution of 
copepods in the Rhodos Sea region. Proc.2nd Hellenic. Symp. 
Q~g_~m,~_.E.i.§.!L. ( in press) . 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

236 

P-IIB 
Observations sur le zooplankton de Ia mer de Rhodos 

(NO mer du Levant et SE mer Egee) 

I. SIOKOU-FRANGOU et M.A. PANCUCCI-PAPADOPOULOU 

Centre National de Recherches Marines, 16604 Ath&nes (Grllee) 

L'archipel des Dodekan~ses est un milieu marin int~ressant A 
~tudier a cause des influences hydrologiques et biologiques qu'il 
subit, d'un part de lamer Egee- Sud et d'autre part de 1a mer du 
Levant. Des etudes de zooplancton ont ete menees tant dans les 
eaux cOti~res de l'ile de Rhodes que dans les eaux du large qui 
entourent l'ile (SE mer Egee et NW mer du Levant). Certains 
points interessants ont Ate releves, concernant la com~osltlon, 
la repartition et la structure du zooplancton de cette reg1on .. 

Des echantillons de zooplancton ant Ate recoltes: a)par tra1ts 
verticaux d'un fileL ~0-2, en Fevrier et Mai 1984 sur cinq 
stations echellonnees le long des cOtes de l'ile de Rhodes 
(profondeur entre 50 et 350m); b)par traits verticaux en couc~es 
successives d'un filet WP-2 fermant, en Mars- Avr1l 1986 sur c1nq 
stations (profondeur entre 600 et 3000m) dispersees en haute .m~r 
auteur de l'ile. Les niveaux d'echantillonnage ant Ate cho1s1s 
selon les diagrammes de temperature et de salinite fournis par un 
CTD-cast. 

L'etude des echantillons recoltes, tant dans les eaux cOtieres 
qu'en mer ouverte, a revele une forte dominance des copepodes, 
pour la colonne 0-500m, les cyclopoides ont presente des 
pourcentages importants (33 a 69%), correspondant a un grand 
nombre d'especes des genres Oncaea, Qitliona, Corycaeus et 
Coryce1J_g. Les especes les plus abondantes ant ete Oithona 
Q.l!dmifera, Oncaea_media, Oncq§a medi_t~rranea et les copepod1tes 
de Clausocalanus. En nombre important ont ete trouvees Coc~ll£! 
rostrata, Corycaell§ __ ~i.£._ld.§, .t:l§.£YDocera claus i , tand is que 
Clausocalanus arcuicornis, Ctenoc£!.1£!!1_11_§___ vanu_~. !;!Jaetid&us 
g_jes-b-rechti~s-c01:~Ith.r.i;..:.:tlr.£Q.D, ~C:9_l~_i:;_jthricella srm_,_ y ataient 
frequentes. Concernant la repartition horizontals des especes, on 
remarque la plus forte abondance de Clausocalanus furcatus dans 
les eaux cOtieres, une abondance de b_uci_cutia gemi.lli! plus 
elevee en haute mer que pr~s de la cOte tandis que Lucicutia 
flavicornis presente une distribution inverse. Parmi les autres 
groupes les ostracodes et les chaetognathes ont revele une 
frequence relativement importante dans ]'ensemble de la region; 
au contraire la presence minime des cladoceres et du meroplancton 
a eta remarquee. 

Une ressemblance de la composition parait exister entre le 
zooplancton c6tier et celui de la haute mer. Parmi les especes 
abondantes et frequentes plusieurs sont oceaniques et mal~re 
l'abondance de l'espece neritique .~_urcatus, un caractere plut6t 
oceanique pourrait Atre attribue au zooplancton des eaux cotieres 
de l'ile de Rhodes. Ce caractere est renforce par la presence 
minime des cladoceres et du meroplancton et par les hauts indices 
de diversite releves tant dans les eaux c6ti~res (3,6 a 4,5 
bits/ind.) que dans les eaux du large (3,8 a 4,4). L'influence de 
la haute mer sur les eaux cOtieres de l'ile de Rhodes pourrait 
Atre due a l'intense circulation et aux echanges d'eau entre la 
~er du Levant et lamer Egee- Sud, ainsi qu'a l'etroitesse du 
plateau continental de l'ile de Rhodes. 

La presence, bien que rare, de Penilia avirostris dans la 
region en profondeur entre 100 et 1000m, para1t Atre interessante 
parce que cette espece n'a pas ete citee auparavant ni en mer 
Egee- Sud ni en mer du Levant.En eau profonde au large de 
Villefranche- sur- mer elle a eta signalee par Tregouboff (1963). 

En mer du Levant des siphonophores ant ete trouves a une 
profondeur superieur a 1000m fait cite par ailleurs par 
Kirner Wood (1975). La presence des appendiculaires en eaux 
profondes pourrait Atre liee soit a leurs exigences trophiques, 
les eaux profondes de la region etant riches en coccolithophores 
(Bernard, 1967), soit a une contamination possible des 
echantillons profonds par le plancton de surface. 

Un autre point interessant est la dominance et la grande 
diversite des cyclopoides Oithona, Oncaea, Corycella et Corycaeus 
dans la region etudiee. D'apres Rayment (1982) ces genres sont 
abondants dans les mers chaudes, comme la mer des Sargasses 
(Deevey, 1971 ).Kirner & Berdugo (1967) ont trouve en grand nombre 
ces genres en ete dans la zone 0-200m de la mer du Levant, 
tandis que Delalo (1966) y a remarque leur diversite importante. 
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P-II14 
Description de quelques larves planctoniques 

appartenant a Ia famllle des Calappldae 
(Crustacea, Decapoda, Brachyura) 

Rabia SERIDJI 

lnstitut des Sciences de Ia Nature, U.S.T.H.B., B.P. 39, 
El Alia, Bab Ezzouar, Alger (Algerie) 

Des formes larvaires planctoniques appartenant a la famille des Calappidae 

sent dikrites : l'une au stade I a eu; rapportee a Calappa granulata (L.) seule espe

ce connue de la province Atlanto-Mf!diterraneenne. Les autres, obtenues a differents 

stades dans le plancton des eaux jordaniennes (Golfe d 'Aqaba), ont ete rattachees a 
la sous-famille des Matutinae. Nos connaissances actuelles sur les larves de cette 

sous-famille ne nous permettent pas de les rapporter a une quelconque espece adulte 

connue. En outre, nous sugg€rons de rattacher le genre Hepatus latreille a la sous

famille 
1
des Calappidae. Ce genre a ete rattache avec quelques autres dans une unite 

particuliere (dite "parthenoxystomienne"), les Aethrinae, par GUINOT (1966, 1978). 

Les caracteres larva ires ne sent pas concluants. Nous constatons qu 'au sein des Calap

pidae, les larves presentent a la fois des caracteres primitifs et evolues. Ceci in

dique que cette famille est loin de constituer un groupe naturel. D'apres nos recher

ches, leur groupement au sein des Oxystomata semble etre le fait d'une simple adapta

tion a un mode de vie le taxon morphotypal Oxystomata a ete dHinitivement rejete 

par GUINOT (1978). 

Carapace 

~ 
3·5 

prC:semcset 
trCscowtts 

: Caracti:.rr>s Luvaires J~ JJff~nmtes cr.p~<.:C'!. t.lc C:alappidae 
(Goer) 

prtsentesct pr'6$cnrcs et presc::ntes et · 

courtes
1
-cetles 

du5°sontbifides 

Mat uta 
:~.,;,.,;;r]:orsk~l\ 

prisentessurle 
le4°segmenr, 

larges;celles du 
5° som tres counes 

~resente 

prisentessur 
le4°segment. 
tteslargesj 
cellesduS0 

~n•rnnrt-. 

P,risente 

~sen1essur 

1c4°segment 
larges;celles 
du5°sont 
~ri•-. 

tel son presqueaussilong 
queJarge.~avec 

3+3epines 

presqueaussi presqueaussi 
long que large,., long que large,.. 

vec3+3epines vco::3+3epines 

present ; se present ; se present, coun; pr6ent, coun ;. 

Exopodite !::!:par2SOie !enni~epar2soie:. :ite~"":S .. a:2 :i~e::::~fa:2 
Endopodite 2 segments'; 2segrnents; 2segments; 2segments; 

dela . .Maxillule segment proximal segment proximal segmentproxinul segment proximal 
sanssoie;segment aveclsoie; aveclsoie; avecl soie; 

distalavec6soies segment distal segment distal segmenrdistal 
avec6soies avec6soies avec2+4soies 

E~..:;~~ede 2+2+3soies 2+2+4soies 3+2+3soies 3+2+3soies 

E:~te 3+2+1+2+5soies 3+2+1+2+5 soie!l 3+2+J+2+5soies 

Endopoditede 1+1+4soies l+l+Ssoies 1+1+4soics 1-t-l+Ssoies 
Mxp2 

B IBL ICGRAPH IE 

AI KAWA H. 1937 - Further notes en brachyuran larva 

Rec. Oceanogr. Wks Japan 9 : 87 -162. 

2segments; 2segmcnts; 
segment proximal segment 
aveclsoie; ~xitnalavec 
segment distal 5.&Wtdisllll 
avec4soies avec3soies 

2+2soies 2+2soies 

3+2+1+3+5 soies 3+2+1+2+5 

1+1+4soies 1+1+5soies 

COSfLOW, ] .D. ; B:DKOOUT, C.G. - 1962- The larval development of Hepatus 

epheliticus (L.) under laboratory conditions. ] . Elisha Mitchell Sci. 78 : 

113 - 125. 

absenr 

2segmerus; 
segment 
proxiapalavec 
1 soie:seg· 
mentdistal 
avec4wies 
2+2soies 

3+2+1+2+5 

1+1+(1+5) 
soies 

FAGEITI Guaita, E. - 1960- Primer estadio larval de cuartro crustaceos braquiros 

de la bahia de Valparaiso. Revt. Biol. Mu., 10 + 143-154 

GU!NOf, D. 1966- Recherches preliminaires sur les groupements naturels chez les 

Crust aces depacodes br~chyoures I - affinites des genres Aethra, Osachi lq ,Hepatus, 

Hepatella et Actaemorpha. Bull.M.is.Nat.Hist.Nat.2)serie, T. 38, N° 5 ; 744- 762 

et N° 6 : 828 -845. 

GUINOT,D. 1978- Principe d'une classification evolutive des Crustaces Decapodes 

Brachyoures. Bull. Biol. Fr. Belg. 112 : 211 - 292. 

GURNEY, R. 1942- Larvae of Decapod Crustacea. Lend Ray Society : 360p. 

HASHMI, S.S. - 1969 -The brachyran larvae of west Pakistan hatched in the labo

ratory - Part I - Oxystcrrata, Calappidae (Decapod, Crustacea). 

RAJABAl, K.G. - 1959- Studies en the larval development of Brachyura III- Deve

lopment of Calappa lophos (Herbst) and Mltuta lanuri s (Forskal) Crustacea 

Brachyura).J. Zoo!. Soc. India, 11 : 65- 72. 

RICE, A.L. - 1980- Crabzoeal morphology and its bearing en the classification of 

the Brachyura. Trans. Zool. Soc. Lend., 271 - 424. 

ZARIQUIEY ALVAREZ, R. - 1968- Crustaceos Decapodos lbericos. Invest. Pesq. 

32 : 1 - 510. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

237 

P-IllS 
Distribution saisonnh~re et repartition bathymetrique 

de Pasiphaea sivado (Crustacea, Caridea) 
a Villefranche-sur-Mer (mer Llgure) 

J. SARDOU et M. ETIENNE 

U.A. 716. Station Zoologique, 06230 Villefranche-sur-Mer (France) 

140 traits de chalut pelagique Isaacs-Kidd 10 pieds ont ete effectues tout au 
long de l'annee 1982 par le N.O."Korotneff" a une station situee a 8 milles du Cap 
Fer rat sur la radiale Nice-Cal vi. Les peches, d' une dur€:e de 30 minutes a 2 noeuds, 
ont ete faites a differentes profondeurs: la journee a 50m, 200m, 350m, 500m 800m 
et lOOOm, et la nuit a 50m, 200m, 500m et 800m. Les animaux du macroplancton et 
micronecton ont tous ete compt€s, mesures et certains peses (poids humide et poids 
sec)* 76 especes ont ete identifi€es; la distribution saisonni8re et la repartition 
verticale ont ete etudiees pour les 23 especes d. invertebres les plus abondants. 
Tous les comptages ont ete ramenes a un volume de 5000m3. Nous donnons ici les 
resultats concernant le crustace d€capode natantia Pasiphaea sivado. 
Nombre total de specimens recoltes: 1729 (844 dans les pikhes de jour et 885 dans 
celles de nuit). Chaque mois, pour chaque profondeur le jour et la nuit, une valeur 
moyenne a ete calculee pour un volume de 5000 m3. 

Distribution saisonniere: elle a ete etablie a partir de !'ensemble des profondeurs 
prospectees -chaque mois. 

Si l'on etudie separement les peches de jour et celles de nuit, on trouve 
quelques petites differences dans la distribution saisonniere de P. si vado en ce qui 
concerne le maximum d'abondance; celui-ci a €te trouv€ en hiverda~ p€ches de 
jour et en ete dans celles de nuit. Par contre, dans les deux cas le minimum a ete 
rencontre au printemps. La figure 1 montre la distribution saisonni8re, en 
pourcentage, de 1 'ensemble des individus pikhes le jour et la nuit; on peut voir un 
m~ximum en ete (53%), un minimum au printemps ( 6%), 1 'hiver totalisant 24% et 
l automne 17%. FRANQUEVILLE (1971) et VU DO (1978) ont egalement situe le maximum 
d: abondance en ete, ce. dernier a~teur pr€cisant meme juillet; il trouve le minimum 
d abondance en mars-avrJ.l. Ces resultats concordent bien avec nos observations. On 
notera qu'en juillet ont ete pechees de nombreuses Pasirhaea sivado juveniles (270 a 
50m la nuit). avec une longueur de cephalothorax de 8-10mm. --

50~----------------------------~ 
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Figure 1. 

Distribution saisonniere, 
en pourcentage, de 

Pasiphaea sivado, a 
Villefranche-sur-Mer, 
en 1982. 

Repartition bathymetrique: pour ·chaque profondeur les moyennes annuelles pour les 
peches de jour et pour celles de nuit ont ete etablies separement' toujours pour un 
volume de 5000 m3. La figure 2 montre la distribution verticale en pourcentages. On 
peut constater que pendant la journee le maximum d f abondance est situe a 350m 
(55 ,4%) mais que nous trouvons encore des pourcentages non negligeables a 500m 
(16,7%), 800m (10,4%) et 1000m (12%). La nuit le maximum s'est renforce et deplace 
vers la surface: 74,6% a 50m, seulement 12,4% a 200m, et pour ainsi dire rien au 
dessous. On observe done une migration verticale nycthemerale tn?,s nette. Ces 
resultats sont en parfait accord avec les observations de FRANQUEVILLE (1971), et de 
VU DO (1978) qui indique un maximum vers 300-400m, le jour. Pour ces deux auteurs, 
la nuit' il y a egalement remontee des animaux dans les 200 premiers metres' dans la 
zone 0-50m surtout (VU DO). La repartition donnee par CASTELBON (1987) est. 
sensiblement differente, mais il s 'agit d' une espece voisine, Pasiphaea tarda, le 
nombre total d'individus etudies est tres faible (13) et la periode d'etude est tres 
courte. 
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Figure 2. 

Repartition bathymetrique, 
en pourcentage, de 

Pasiphaea ~. a 
Villefranche-sur-Mer, 
1982. 

-----L-e nombre d 'individus rencontres varie selon la saison, la profondeur et aussi 
le moment de la journ€e; la concentration maximale trouvee pour cette serie de 
peches a ete de 51 individus pour 5000 m3 dans un trait de nuit a 50m le 20 septem
bre ce qui represente une biomasse (poids sec) de 6,30 g , soit 1,26 mg par m3. Nous 
avons rencontre certaines annees, a d. aut res stations plus proches de la cote (5 
milles), des concentrations trois fois plus importantes. 
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P-II16 
Distribution saisonnh~re et repartition bathymetrique 

de Sergestes arcticus (Crustacea, Penaeidea) 
a Vlllefranche-sur-Mer (mer llgure) 

J. SARDOU et M. ETIENNE 

U.A. 716, Station Zoologique, 06230 Villefranche-sur-Mer (France) 

Le materiel provient d 'une serie de 140 traits de chalut Isaacs-Kidd 10 pieds 
effectu<es tout au long de 1 'annee 19B2 par 1e N .0. "Korotneff" a une station situee a 
B milles du Cap Ferrat sur la radiale Nice-Ca1vi, a differentes profondeurs, le jour 
(50m, 200m, 350m, 500m, BOOm et 1000m) et la nuit (50m, 200m, 500m et BOOm). 
Parmi les 76 especes rnacroplanctoniques et rnicronectoniques recensees dans ces 
pn§.levements, nous €tudions ici le crustae€ d€capode pEmkide Seroestes arcticus dont 
244B indi vidus ont ete captures ( 1160 dans les peches de jour et 12BB dans celles de 
nuit). Taus les comptages ont ete ramenes a un mer.te volume de 5000 m3. Chaque r.10iS, 
une valeur moyenne a ete calculee pour chaque profondeur. le jour et la nuit. 

Distribution saisonniere: elle a ete etablie a partir de toutes les profondeurs 
prospect€es chaque mois. La figure 1 montre cette r€partitin saisonniere, en 
pourcentage, pour 1 'ensemble des captures de jour et de nuit. On observe un tres net 
maximum en juin, juillet, aout et septembre avec 72,7% pour 1 'ensemble de ces 4 
mois. et un :ninimum pendant 1es 5 premiers mois de 1' annee ( 10,6%); octobre, 
novembre et dec.embre totalisent 16, 7%. FRANQUEVILLE (1971) et VU DO (l97B) 
indiquent, eux aussi, un maximum esti val; le premier auteur trouve un minimum au 
printemps tandisque que 1e second le situe en hiver (janvier-fevrier). Ces 
donnees correspondent bien a nos observations. 

Repartition bathymetrique: 

Figure 1. 

Distribution saisonniere, 
en pourcentage, de 

Sergestes arctic us, a 
Villefranche-sur-Mer, 
1982. 

Les moyennes annuelles, pour chaque profondeur, ant ete calculees separement 
pour les peches de jour et pour celles de nuit, pour un volume de 5000 m3. La 
journee, dans la colonne 50-1000m, nous ne trouvons pas de Sergestes arcticus en 
dessus de 200m; le maximum se situe de 350m a 500m (37 et 32%), mais les animaux 
sont encore presents en nombre assez important a BOOm (12, 5%) et lOOOm (14%) ce qui 
laisse supposer que la distribution s' etend largement au dessous de lOOOm. 

La nuit, les Sergestes arcticus ant migre vers 1a surface (B2,B% a 50m) et la 
presence, en dessous de cette profondeur, est extremement r€:duite (il ne reste que 
7% a 200m). La figure 2 montre cette repartition verticale, en pourcentage, 1e jour 
et la nuit, et met en evidence tres nettement une migration verticale nycthemerale. 
Nos resultats sont en parfait accord avec ceux de VU DO (l97B) et de ROE (19B4) en 
ce qui concerne 1a repartition diurne, et tres voisins de ceux de FRANQUEVILLE 
( 1971) qui trouve, lui, un maximum tres legerement plus pro fond ( vers 700m). Nos 
observations sur la repartition nocturne concordent parfaitement avec celles de ces 
3 auteurs, mais different nettement de celles de CASTELBON (19B7) qui trouve, 1a 
nuit, un maxir.mm au dessous de 500m, et non pas la grosse majorite des individus 
dans les 150 ou 200 premiers metres (mais son etude est limitee dans 1e temps et 
porte sur un mains grand nombre d 'animaux, peches en 2 zones differentes). 
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Figure 2. 

Repartition bathymetrique, 
en pourcentage, de 
Sergestes arcticus, 

a Villefranche-sur-Mer, 
en 1982. 

~s les animaux captures ant ete mesures et peses (poids humide et poids sec) 
ce q Ul permet de su1 vre la valeur de la biomasse au cours de 1 'annee. La 
concentration maximale a ete rencontree dans une peche de nuit, a 50m, le 20 
se~tembre: 360 individus soit 109 pour 5000 m3; ceci represente une biomasse de 6 g, 
SOlt 1,2 mg par m3, identique a celle obtenue pour le decapode Pasiphaea sivado. 
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P-II17 
Le meroplancton des eaux Llbanalses 

larves de Crustaces Decapodes 

S. LAKK1S et R. ZEIDANE 

Centre de Recherches Marines (CNRSL), Faculte des Sciences (Universite Libanaise), 
B.P. 123, Jounieh (Liban) 

Abstract. Composition and distribution of Decapod larvae were carried out from plank
--- ton samples collected in Lebanese coastal water during 1986-87. 106 types 

of larvae at different development stageswere identified belonging to 33 families.An
nual cycle showed that sunmer season(June-September) are the richest period. The 

most important and frequent species were of the genera; Lucifer,Periclimines,Callia

nassa,Diogenes ,Catapaguroides,Calcinus ,Ilia,Neptunus and Acanthonyx. Two Indo-Pacific 
species were recorded for the first time and comparison with other Mediterranean ares 

was discussed. 

Au cours des ann€.es 1986 et 1987 ,des traits horizontaux a diff€.rents niveaux(O, 10, 

30,50 et lOOm) ont ete effectuEis taus les mois en deux stations de la cOte libanaise 
(35"30'E;34°00 N),une station cOtiere par 75m de fonds rocheux et une autre situ€.e 

au-dessus de, 200m de fonds sablo-vaseux.Des filets de type WP2 de 200 et 500 microns 
coupl€.s sur syst€.me Bongo ont €.t€. utis€.s pour les p€ches planctoniques.Les pr€.lkve

rnents hydrologiques(T 0 ,S%,.) ont €.t€. effectu€.s sirnultanement ;les donnees ont €.te rap

port€.es ailleurs(Lakkis et Zeidane, 1987) .Cette €.tude sur les larves de D€.capodes est 

la premiere qui est faite pour la r€.gion,mises a part les observations pnHiminaires 

que nous avons ..tCjit effectu€.es(Lakkis, 1983) .Dans cet article,nous donnons la synthkse 
sur la composition et la distribution spatio-temporelle des larves de necapodes qui 
constituent une fraction trks import;ante du m€.roplancton levantin.Plusieurs sources 

de n!f€rences ont ete consult€es pour les determinations et les r€partitions biog€.
ographiques notamment quelques travaux de chercheurs m€.dit.erran€.ens tels queKurian 
( 1956) ,Bourdillon-Casanova( 1960) ,Seridj i 1971 )et Fuste( 1982). Par ailleurs,le travail 

de Holthuis et Gotlieb(1958) constitue la seule r€.f€rence pour ce qui concerne les 
Decapodes adultes des cOtes orientales de la Mediterran€.e. 

COMPOSITION DES LARVES DE CRUSTACES DECAPODES. Le peuplement larvaire des Crustaces 
necapodes des eaux libanaises est ri-

chement diversifi€., sur les quatre groupes presents dans nos eaux(Macrura Natantia, 
Macrura Reptantia,Anornura et Brachyura) , ainsi que les Stomatopodes, 106 types lar

vaires ont €.t€. determines appartenant a taus les stades et comprenant 81 especes,2 

sous-genres, 11 genres et 9 familles. 

I-MACRURA NATANTIA: Solenocera membranacea,Aristeus ~,Aristaemorpha foliacea, 

Gennadas el egans, Sicyonia carina ta, Par apenaeus longi ros t ris, Penaeus 
kerathurus,!_ .japonicus ,~. semisulcatus,Penaeidae spp., Sergestes robustus ,~. vigilax,.§.. 

sargassi, Lucifer typus,~.hanseni,Acanthephyra sp. ,Nematocarcinus ensifer ,Leptochela sp., 
Palaemon adspersus ,P. elegans, PericJ imenes sp. (s .g.Harpillus) ,Periclimenes sp. (s. g.Peri

cl imenes) ~ idae spp. , Athanas ni tescens, Al pheus g laber ,!:._. macroche les, Synal pheus 
gambarelloides? ,Alpheidae spp. ,Eualus sp. ,Hippolyte inermis,H.longirostris,Lysmata 

seticaudata,Spirontocaris sp. ,Thoralus cranchii,Processa edulis,P.parva,P.nouveli?, 

Processa spp. ,Plesionika sp. ,Pandalidae spp., Philocheras bispino-;u~chinulatus, 
P. trispinosus,Pontocaris cataphracta,Stenopus hispidus,S.spinosus. ----

-ri=MACRiJ'RARE~cyllarus .arctus ,Jaxea nocturna,Callianassa latic.audata,~. sub-
~,Upogebia sp. 

III-~:~ erythropus,Calcinus ~,Diogenes pugilator,Dardanus ~-
~' Pagurus cuanensis ,Catapaguroides timidus ,Anapagurus chiroachantus, 

!:..· breviaculeatus ,A. hyndmanni, Galatea intermedia,_Q. dispersa, Parcel lana platyche les ,.f. blu
teli, Albunea carabus. 

:v-BRACHYURA: Dromia personata,Homola barbata,Phyllodorippe lanata,Ethusa mascarene, 

--- Ebalia cranchii,~.tuberosa,Ebalia spp.,Ilia nucleus,Phylira globulosa?, 

~ spp. ,~ pagurus,Pirimela denticulata,Carcinus mediterraneus,Macropipus 
spp. ,Neptunus sp. ,Thia polita,Xantho incisus granulicarpus,Xantho sp. ,Xanthidae spp., 

Pil umnus hi rtellus, Eriphia verrucosa ,!· spinifrons, Goneplax rhomboides, Pachygrapsus mar

~, Planes minutus, Brachynotus sexdentatus ,Lambrus ~,Maia squinado ,!:!,. verruco

sa,Eurynonle aspera,Acanthonyx lunulatus,Achaeus spp. ,Herbstia condyliata,Pisa spp. 
-LAR1fESDEsTOiiATOPODES: Squilla mantis~quilla_s_p_. - ----

DISTRIBUTION ET REPARTITION. 

1 )Distribution saisonniere. Les Penaeidae,notannnent les esp€:ces du genre Penaeus, ainsi 

que des Caridae tels que Hippolyte inermis,Processa edulis 

et .!:.parva sont abondantes au printemps et en ete avec une tendance mesopE:lagique. 

Chez les Anomoures,les formes printanikres les plus communes sont:Clibanarius eJ:ythro

pus,Anapagurus breviaculeatus,Galathea intermedia,Porcellana bluteli et Calcinus ornatus. 
Parmi les Brachyoures les plus abondants au printemps-etE:,signalons Ilia nucleus,Macro

~ spp. ,Neptunus sp., les Xanthidae, les Grapsidae, les .Majidae ainsi que Squilla mantis. 
Les formes hivernales les plus frequentes entre d€..cembre et mars sont :Callianassa sub

~' Gennadas el egans, Serges t es rob us tus, _§... sargas si, Luc if e.r ~, Ebal ia tu berosa. 
Plusieurs types larvaires sont perannuels avec toutefois des fluctuations saisonnie
res d'abondance,panni ceux-ci citons Leptochela,Plesionika,Periclimenes(Harpillus) ,~

~ ruber,Diogenes pugilator,Catapagurus timidus,~ sp. ,Upogebia deltaura,Nep
~ pelagicus,Spirontocaris. 

2)Repartition verticale. Parmi les formes superficielles les plus fr€..quentes nous 

. avons des Alphaeidae, Upogebia,Diogenes ,Calcinus, Ilia, Phylira, 
Macropipus,Pilumnus,Pachygrapsus,Brachynotus et Acanthonyx. Les types larvaires profon

des sont aussi variees et fr€..quentes surtout durant l'homothermie hiverriale et parfois 
au dela ·de la limite de la thermocline estivale.Signalons parmi elles Lysmata,Spiron
tocharis,Processa spp. ,~ laticauda,E_. subterranea,Catapaguroides ,Anapagurus 
breviaculeatus, Porcellana platycheles et Squilla mantis. 

3)Repartition g€.ographique. Le peupl~ent larvaire de Crustac€..s Decapodes des eaux 

libanaises et levantines,appartient a la faune temp€..n!e 
m€.diterraneenne;la majorite des esp€ces sont signal€es en M€.diterranee occidentale et 

·en Adriatique. La situation geographique de cette r€.gion et surtout 1' emigration de 

formes indo-pacifiques et €..rythr€ennes a travers le canal de Suez,enrichissent le peu

plement planctonique local en especes tropicales et subtropicales qui sont devenues 

pour la plupart des formes end€.miques.En effet 16 types larvaires la plupart d 'origi
ne indo-pacifique et qui sont presents r€.guli€.rement dans les eaux levantines n' ont 

pas encore €..te signales en M€.diterran€.e occidentale.Parmi ceux-ci signalons Parapae

neus,Lucifer hanseni ,Nematocarcinus, Leptochela,Periclimenes (Harpillus) , Phyl ira, Xantho 

sp. ,Planes ~,Processa nouveli,Stenopus hispidus,Pagurus cuanensis et Anapagurus 
~· Par ailleurs,plusieurs de ces fromes larvaires,entre autres,n'ont pas et€. 
signa lees 8. 1' e.tat adulte par Holthuis et Gotlieb; ce qui laisse penser que 1' emigra

tion des formes larvaires a travers le canal de Suez est quasi permanente, alors qu'elle 

est plus difficile pour les formes adultes.Ainsi ce phenom€.ne d 1 €..migration qui enrichit 
la faune planctonique levantine,suscite par ailleurs des problemes d'ordre ecologique 
et biog€ographique quI il 5 f agit Q. f etudier, 
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Repartition du Chaetognathe Spadella birostrata 
dans Ia Province Atlanto-Medlterraneenne. 

Sa place dans l'ecosysteme bentho-planctonlque 

Jean-Paul CASM-JOVA 

Laboratoire de Biologie Animale (Piancton), Universite de Provence, 13331 Marseille Cedex (France) 

La mise en evidence d 'un peuplement varie de Chaetognathes bentho-plancto
niques, jusque 13. insoup~onne, m 1 a perm is de d€:crire, r€:cenunent, une dizaine d 1 espE:
ces nouvelles, parmi lesquelles deux SpadeZ.Z.a dans les parages de Gibraltar (Casano
va, 1987), vivant sur des fonds compris entre 150 et 555 m. 

Afin de poursuivre les recherches a ces profondeurs, j 'ai obtenu du mate
riel de J.-c. Sorbe* (Station biologique d'Arcachon), qui a mis au point et decrit 
(1983) un traineau muni de quatre filets rectangulaires, destine a l'echantillonnage 
quantitatif de la faune suprabenthique nt:fritique. 

Les six premiers prelE~:vements etudies ont ere effectu€:s au sommet du talus 
continental ( 300 m), sur une station en face d 1 Arcachon. Ils proviennent des deux 
filets inf€:rieurs ayant €:chantillonne la couche d 'eau entre 0 et 50 em du fond; en 
voici quelques caract€:ristiques : 0,13 m2 d 1 ouverture utile, 3m de longueur et 0,5 
mm de vide de maille. 

.Hormis la presence accidentelle d' especes pelagiques (Sagitta tasmaniaa et 
Eukrohnia hamata), une seu1e espece benthique figure dans ces rikoltes, SpadeZla bi
rostrota' que j 'avais dec rite de la mer d I Alboran et du detroit de Gibraltar t a par
tir de 24 sp€:cimens. 

Cette espece est regulierement pr€:sente et abondante, comme l' indique 
1' inventaire ci-apres : 

Date Jour ou Nuit Eau filtree (m3) Nombre de specimens 

30/09/1984 49,73 158 
13/l0/1984 102 
19/04/1985 151 

147,27 214 
15/07/1985 25' 97 166 
28/09/1985 71,29 233 

Ces premieres donnees quantitatives sont a affiner; il faudra, notamment, 
comparer ces nombres bruts a la surface parcourue par le traineau si 1' espece est 
strictement benthique, ou au volume d'eau filtr€:e si elle est plus ou moins bentho
planctonique. L'examen du contenu des deux filets superieurs de l'engin, echantillon
nant la tranche d 1 eau comprise entre 50 et 100 em au-dessus du fond, apportera vrai
semblablement une reponse. 

On pourra €:galement connaitre la limite bathymetrique sup€:rieure de l'espe
ce, puisque des recoltes ont ete faites jusqu'a 25m, 13 oU commence le domaine de 
1' esp€:ce commune SpadeZ.Za cephaZoptera., ainsi que son cycle saisonnier. En revanche, 
cela sera plus difficile pour la limite inferieure. En mer d 1 Alboran, il apparaissait 
que son niveau preferentiel se situait plutOt vers 500 m; si cela se verifiait aussi 
dans le golfe de Gascogne, cela voudrait dire que des recoltes 3 ce niveau seraient 
encore plus productives et que cette Spadelle aurait un rOle non negligeable dans 
1' ecosysteme bentho-planctonique. 

Quoiqu'i1 en soit, on peut d'ores et deja affirmer que SpadeUa birost:rata, 
qui n'etait pr€:sente 8. l'ouest de Gibraltar que sur une seule station influencee par 
1' €:coulement d' eau m€:diterraneenne profonde dans les nombreux chalutages de la cam
pagne Balgim (Fig. 1), est par centre bien representee dans le golfe de Gascogne, oil 
elle constitue un element permanent de la faune du sommet du talus continental et oil 
elle atteint ses plus grandes dimensions (10 mm}. 

Il serait maintenant interessant de savoir si son absence dans 1' Atlantique 
sud-ib€:rique est due a un mauvais echantillonnage ou si elle est reelle; dans ce der
nier cas, les populations de Mediterranee et du golfe de Gascogne seraient s€:parees 
et il faudrait alors en faire une etude taxonomique comparee pour mettre en evidence 
d' eventuelles differences. 

I' 

; I 
I ' I 

I I I 

'· I 

40° 

.. 
R•Herences 

Fig.L- Repartition de SpadeUa bi
rostrata dans 1a Province atlanto
mediterraneenne. Les cercles indi
quent les dragages positifs de la 
campagne .. Balgim 84" (dont l'aire 
de pr<Hevements est hachuree) et 
1 I etoile la StatiOfl de recolteS aU 

traineau en face d 1 Area chon. 

Casanova (J.-P.), 1987.- BuZZ. Mus. natn. Hist. nat., Paris, 4e s.h., 9, section 
A, n°2 : 375-390. 

Sorbe (J.-C.), 1983.- Ann. Inst. oceanogr., Paris, 59 (2): 117-126. 

* Je le remercie vivement pour m'avoir confi€: l'€:tude de ce materiel interessant. 
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Donnees concernant les appendiculaires 
des eaux Llbyennes 

Teodora ONCIU 

lnstitutul Roman de Cercetari Marine, Bd Lenin 300, 8700 Constanta (Romania) 

La faune zooplanctonique, done ausai cella des AI>pendiculaircs du secteur 
nord-africain de la Mediterranee, eat aaaez peu connue (6). 

Un riche materiel (356 echanti11ona quantitatifa ae zooplancton pris des 
horizons standard de la surface a 400 m de profondeur, de 84 stations accomplies 
saisonniE•rement de mai 1975 en ao1lt 1976) provenant des eaux libyennes de la 

~~:!!~:r::e k;~:~~!:~:ir=~~i~ L!:s 17m;:~~~=~~ id!:~:~~e:! ;!;;~:~~~~~ ; , ie~~: 
nombre total des zooplanctontes qu'on y a determinees - proportion semblable a 
ce11e signalee dans lea eaux libanaiees pour la meme periode (~) - et environ 
46 'f. du nombre des eepecee d'AI>pendiculairee de l'entiere Mediterranee (3). 

La frequence relative dee especes determinees dans lee eaux libyennes a ete 
la suivante: 

PRIN'l'EJ!PS ETE AUTOMNE HIVER 
Famille dee Oikopleuridae 

1. Stegoeoma magnum (Langerhane), 1880 34 18 16 56 
2. Oikopleura albi cans ( Leuckart) , 18 54 3 5 20 24 
). Oikopleura oophocerca ( Gegenbaur) , 18 55 21 4 48 
4· Oikopleura dioica Fol, 1872 56 16 73 
5· Oikopleura fueiformie Pol, 1872 17 1) 21 
6. Oikopleura intermedia Lohmann, 1896 5 
7. Oikopleura longicauda (Vogt), 1854 44 44 48 43 
8. Oikopleura parva Lohmann, 1896 3 5 19 
9• Oikopleura ruf'eecene ]Pol, 1872 3 3 16 

ll'ami11e dee l'ritillaridae 
10. Appendicularia eicula J:l'ol, 1874 
11. 'l'eoti11aria fertilis (Lohmann), 1896 1 
12. Friti11aria borealis Lohmann, 1896 16 1 20 5 
13. Friti11aria formica Pol, 1872 3 
14, Friti11aria megachila Pol, 1872 26 2 11 
15. li'ri till aria pe11ucida (Busch), 18 51 34 50 
16, Kowalevekia tenuie (Pol),l872 

Selon leur distribution vertioale, lee plus nombreuses (53 4':) sont lea 
eepeoes rencontreee dans tous lee horizons, 29 'lb eont dee f'ormes epipelagiquee 
('l'ecti11aria fertilie, Kowalevekia tsnuis, Oikopleura ruf'eeoene), et eeulement 
quelques-unes (18 %) bathypHagiques (stegoeoma maenum, Oikop1eura oophocerca). 

'l'outee lee eepeoee eont cosmopolites, communes pour l'entiere )(editerranee 
(3, ~), ainei que pour l'Atlantique (3), lamer· Rouge (2, 3) et l'ocean Indien, 
- Le plus grand nombre d'espeoee=(l4) :f'ut identifi~ en hiver, bien que lee 

especee connuee comme themophilee (Appendicularia eicula, li'ritillaria formica, 
Kowalevekia tenuie), manquent. Le printemps, la faune dee Appendiculairee eat 
appauvrie, lea 7 eepeoes, dont la presence fut constatee, eont oellee qu'on 
trouve dane l'entiere oolonne d'eau. On n'a pas observe de differences eigni:fi
cati vee entre 1' ete et 1' automne. C' eat Oikopleura longioauda qui se trouve tou-
joure en forte majorite, parei11ement ala Baie d'Alger (1), / 

En oe qui ooncerne la distribution quantitative des· Appendiculaire, on a 

(~~~t!), ~~ii:a :~:!it~~n~:;!:!:a s~;::!en!~~ e;::-3c~~c!:s a =~=~i!c!:!!e~a 
valeur maximale (155 ex,m-3)(tableau 1). Au long de l'annee lee plus basses den
sites eont ce11_ee printanieree et, comme suite des changements qui ont lieu dane 
la communaute zooplanctonique durant l'ete et surtout en automne (~), en hiver 
on a enregietre de hautes valeure de la densite, dane toutes lee couches d'eau. 
Au long du littoral libyen, lee valeure de la densite dee Appendiculaires sont 
toujoura. plus grandee dane lee eeoteure moine profonde. 

Tableau 1 L' analyse comparative 

Les densi tee moyennee ( ex.m -)) dee AI>pendiculaires ::=d~~~~~i:!!o:~ 1:~: ~ 
dane lea eaux lib;rennee de la J(editerranee du sud littoral libyen (a l'aide 

e====a::=•-======c==:=a=====================-=z•••c===a::::=•CJ du coefficient de simUi-
HORIZON (m)· 11>- 25- 50- 75- 101>- 15o- 201>- 30o- 4oo- tude de SORmSEN) montre 

ZONE 0 10 25 50 75 100 150 200 300 une oertaine zonation. 

zone eat 17 
zone centrale 6 
zone ouest 9 

1 11 
6 3 
9 155 

PRIN'i'llllPS 

0 2 2 1 
5 11 6 4 

22 20 5 

zone eat 28 14 
zone centrale 6 3 
zone ouest 16 8 

21 
2 14 
4 10 

B'i'J: 

31 15 
12 8 
5 

14 
2 

AU'l'OX:NB 

On peut constater du
rant la saieon :froide 
l'exietenoe de 3 zones 

4 :;st!~~:~~tj~oe!!i~!e~! 
6o'lb) , comme suit 1 la zone 
ouest ( Cyrenatque), ce11e 
du secteur central et 

1 < 1 ce11e a 1' eat du me:Jtidi
en de 24°. C'eet eeule
ment dana la eec:ondi! que 
1' on a trouve Oikopleura 

zone eat 13 
zone centrale 4 
zone ouest 18 

7 4 21 
2 1 5 

16 10 20 

4 
1 

3 intermedia et o. ruf'es-

~ 19 < 1 < 1 ~:}~d!:r~~i:!1=: 39 

H I V 11: R zone il y a une grande 
zone est 31 )6 ll )6 39 19 reeeemblanoe(coefficient 
zone centrale 12 26 40 12 14 11 lO de similitude oompris 
zone ouest 18 16 17 16 17 entre 90 et 100 'f.) entre 
•••=••==============•==•=•=================••=••===o•• lee dif:ferentes couches 

d'eau. 
Pendant le printempe,au long du littoral il ;r a une grande similitude entre 

lea stations clitieres, d'un cl!t61 ainei qu'entre cellee du large, d'autre elite, 
done une zonation eelon la profondeur. On la conetate aueei en ate, mais limitee 
eeulement au long de la Cyrenatque, En automne, la dissimilitude eat plus accen
tuee, Il ;r a une reseemblanoe seulement entre lee stations cl!tieree de la eyr~ 
natque et entre lee stations de large a l'eet du meridien de 22°, 

La zonation qui e::dete eat due aux conditione hydrologiques : lee courants 
(de surface, de l'oun vera l'eet et un eontrecourant de profondeur) et surtout 
1 'homogeneisation progressive qui ee produit a la fin ds 1 1 automne entre lea 
couches de surface et cellos. eousjaoentes, entre lea eaUJt neritiquee et lee eaUJt 
du large. 
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"Neritic" and "oceanic" variability of zooplankton biomass 
In the Western Mediterranean Sea 

(Baiearlan Sea, Palma Bay and San Jorge Gulf) 

Maria Luz FDEZ DE PUELLES and Javier JANSA 

Centro Oceanografico de Baleares. Apdo 291 • Palma de Mallorca (Espana) 

GU<:-\1 itat ive study of zooplankton has been carl~ it'd out in the 
wt::ste:rn sector of the Mediterranean St.:a 1 nevErtheless tht: arnount 
of t:he biomass of p1<:lnkton re.~mains poorly known 1 spec i<:tlly 
these ar·eas of the wE·stern Mediterranean. 

The zooplankton biomass mEasure-~ment IS a <;_~ood way to 
evaluate the: potencial \.r:..ichness of the marine ecosystem. 

In the pr-esent paper- the cycle of the mesozooplankton 
"standing ct·op", the Balear-ian Sea is Analyzed and comp<.u·ed with 
other western Mediterranean a1.-eas. 

Th..- biomass values in the pr-esent st•Jdy (mg DI'Y Weight/m3) 
are based on two different zones of the Balear·ic Sea (fig.·1), 
Inshore (50-·100 m. deep) and O-ffshore: stat ions (200-·1000 m. 
deep). 

MAR BALEAR 

FIG1 
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Further more two different ne,- it i c areas were compared: 
Palma Bay {fig. ·1 A) and San Jorge Gulf (fig. ·1 B). Both opf them 
have a very long continental slope, the -first is very near a city 
and the second is close to the Delta of the Ebro river. 

Zooplanktonic samples wer-e taken from obi ique tows with 20 
and 40 em. Bongo plankton nets, eq•1ipped with a 250 um mesh and a 
General Oceanics ~030 flowmeter. Depths reached in coastal tows 
vary from ·1 00-50 up and -from 200 m. up in stations off' 
Balearic Isles. 

Results 
The: average of' zooplankton data obtained monthly in each 

sector sampled are e><pressed in the: right size o·r -fig. ·1, ·1 A and 
·1 B. According to that, in offshore stations of the Balearian sea 
thE me:sozooplankton biomasses are quite homogeneous all along 
fluctuat1ons can be observed <mean value:= 2.8 mg/m3) while in 
Inshore stations higher fluctuations can be observed (mean= 4.06 
mg/m3). There zooplankton peaks appeared during the: period 
studied, in february, midmay and in october in accordance: with 
Ma1"galef ·c1969) and Rodriguez (1983> -for the: western 
Hed i terranean. 

Similar f'luctuat ions were obtained in central stat ions of 
the Palma <Est •. 3 and Est. 5) but higher values (mean = 6 mg/m3) 
were: found as f1g. ·1 A shows. The: shallowest stations <St. ·1, 9 
and 13) have: different variations <mean= ·12.5 mg/m3) as a 
consequence of' the urban influence on coastal wate:r <26.5 mg/m3 
in september ·1982). 

Stocks of zooplankton in thE: San Jorge Gulf (fig. ·1 B) are: 
quite: irregular however it seems ,.. icher than those recorded in 
the former area analyzed (mean= 9 mg/m3) con-sidering the special 
hydrological characteristics of the zone and the pro>:imity of the 
Delta Ebi-o river. 

Finally, correlation coe-fficients between number of 
individuals and bion1asses <Dry Weights are calculated in the Bay 
of Palma (r=0.780) where Copepods are the most abundant and in 
the Gulf of' San Jorge (r= 0.739) where the Cladocerans dominate. 
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Biomasse macroplanctonlque et mlcronectonlque 

au printemps 1987 a Villefranche-sur-Mer (mer Ligure) 

J. SARDOU et G. QUELART 

U.A. 716, Station Zoologique, 06230 Villefranche-sur-Mer (France) 

Introduction: 
Dans le cadre du programme F.M.O. (Flux de matiere dans l 'ocean) et de 

1 'operation Dyfamed I, 11 traits de chalut Isaacs-Kidd 10 pieds ont ete effectues, 
de jour, par le N .0. "Koroneff" a la Station 5 (situee a 8 milles du Cap-Ferrat, sur 
la radiale Nice-Cal vi), au printemps 1987, les 14 avril, 15 et 22 mai et 1er juin. A 
chacune de ces 4 dates, 2 peches horizontales de 30 minutes (vitesse du bateau: 2 
noeuds) ont ete faites a 200m et 600m. Les 15 mai, 22 mai et 1er juin, un trait 
oblique 800-0m a ete egalement effectue. Plusieurs autres peches, initialement 
pr€vues 8 d 'autres dates, ntont pu €tre faites en raison de 1 •etat de lamer. Tous 
les animaux de ces prelevements ont ete comptes. mesures et peses ( poids humide et 
poids sec) afin de connaitre la biomasse a cette station. 

RESULTATS: 
---5-2 especes ont ete identifiees, appartenant a 8 groupes zoologiques 
differents (7 meduses, 1 ctenophore, 5 siphonophores, 6 mollusques, 2 chaetognathes, 
18 crustaces, 4 tuniciers et 9 poissons). Afin d'evaluer l'importance reciproque des 
2 groupes dans la chaine trophique, on a separe les individus en carnivores (et 
omnivores a tendance carnivore) et en herbivores (filtreurs et associes ainsi 
qu' omnivores a tendance herbivore). Toutes les valeurs concernent un volume d 'eau de 
10000 m3. 

Nombre d 'especes: un nombre moyen a ete calcule pour chaque profondeur. 
- a 200m: 14 especes ont ete recensees (gelatineux 64,8%, crustaces 31,6% et 

poissons 3, 5%). 
- a 600m: 26 especes sont presentes (gelatineux 46, 7%, crustaces 40% et poissons 

13,3%). 
- dans les peches obliques 800-0m on a trouve 28 esp<kes. On constate une 

augmentation tr€s nette du nombre d 'esp€ces avec la profondeur, la journ€e, mais la 
proportion carnivores-herbivores ne varie pas ( entre 75,4-77,1% de carnivores pour 
22,9-24,6% d 'herbivores). 

Biomasse ( en grammes pour 10000 m3): 
- 200m: la biomasse totale diminue du 14 avril au 1er juin (2,546g, 2,215g, 

1,599g et 0,542g); cette decroissance est a mettre au compte des carnivores (fig.1). 
-600m: la biomasse totale est tres nettement superieure a ce qu' elle etait a 200m 

(7,273g, 14,942g, 12,085g et 16,937g) ce qui represente, dans l 'ordre chronologique, 
des valeurs 2,8- 6, 7- 7,6 et 31 fois superieures. La biomasse a egalement augmente 
dans le temps ( le ler juin elle est 2,3 fois plus forte que le 14 avril). Cette 
augmentation est essentiellement due aux carnivores (fig. 2). 

-800-0m obliques ( fig.3): ce sont les peches les plus interessantes car elles 
integrent toutes les valeurs de la colonne et prennent egalement en compte une bonne 
partie des migrations verticales nycthemerales qui 1 'affectent. done la realite de 
ce qui s' y passe en 24 heures. La biomasse to tale passe de 9, 29lg le 15 mai, a 
13,806g le 1er juin; entre ces 2 dates la biomasse des carnivores a plus que double, 
celle des herbivores a ete divise par 5,2. On peut raisonnablement penser qu'apres 
une periode riche en herbivores survenant a la suite d 'une importante biomasse 
phytoplanctonique, le nombre des carnivores a augmente au detriment de ceux-ci. 
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P-I122 
Observations qualltatlves et quantltatlves 

sur le zooplancton de Ia mer de Monaco 

Y. CORLETT! et M. SOISSON 

Centre Scientifique de Monaco, 16 boulevard de Suisse, 
98030 Monaco Cedex (Principaute de Monaco) 

On rapporte ici quelques observations sur la composition 
relative du zooplancton pendant cinq annees de peches regu
lieres (1979-1983) et la composition quantitative des copepodes 
pelagiques determinee entre janvier 1982 et decembre 1983. Les 
peches verticales bimensuelles (WP2) ont ete faites sur quatre 
stations de prelevement du fond, a -200m jusqu'a la surface. 
Le zooplancton observe en mer de Monaco est tres diversifie. Il 
est compose en grande partie de copepodes pelagiques. 

Le pourcentage mensuel moyen de copepodes, toutes stations 
confondues, est toujours superieur a 60% des individus recoltes 
et peut atteindre 95%. Le pourcentage le plus eleve s'observe 
en fevrier et en novembre, le minimum en ete. 

Pour le reste de l'holoplancton on note : 

L • absence totale de Creseis acicula en 80 et 81 et son 
abondance en juillet 83 ; l'absence de Cavolinia tridentata et 
c. inflexa en 79 et 81, et sa faible presence en 80, 82 et 83 ; 
les salpides, presentes toutes les annees de mars a mai. Le 
genre Podon, present de juin a septembre de 79 a 81, en avril 
82, absence en 83. Pour le meroplancton, on remarque l'absence 
des larves d'echinodermes en hiver 80-81, alors qu'elles 
representent (40% du plancton en hiver 79-80). 

Les families des copepodes sont regroupees en quatre cate
gories selon leur frequence d'apparition 

- Presents toute l'annee : 

+ Famille des Calanidae, Paracalanidae et Pseudocalanidae 
abondance en fevrier 82 et mars 83, mais presence faible en 
aofit, septembre 82 et mai 83. 

+ Famille des Acartiidae : abondance a la cote de mars a 
aofit et une baisse quantitative d'octobre a decembre. 

+ Les Oithonidae : abondants entre decembre et juin sur 
les 4 stations. 

+ Les Oncaeidae : maximum en mai 1983, mais le pourcentage 
reste. 

+ Les Eucalanidae : pourcentage non negligeable de la 
population en novembre 1982 et fevrier 1983. Ils sont plus 
nombreux au temoin. 

+ Les Centropagidae : pourcentage tres faible en debut 
d'annee et plus important entre avril et juillet. 

+ Les Coryceidae avec deux minimum en avril et juin 1983. 
Faible pourcentage de la population·au temoin. 

+ Les Candacidae en faible quanti te, plus frequents sur 
les stations cotieres. 

+ Les Tachydiidae tres legers pies de janvier a avril et 
des quantites tres faibles en mai, aofit et septembre. 

- Famille presente a certaines periodes de l'annee 

* Les Temoridae de juin a octobre, apparitions sporadiques 
en debut d'annee mars 83. Tres faible pourcentage au temoin. 

* Les Metridiidae presents de septembre a mars en quantite 
reguliere, mais faible en ete uniquement au temoin. 

- Famille presente irregulierement et en faible quantite 

+ Les Euchaetidae surtout entre juin-juillet-aofit, plus 
frequents au large. 

+ Les Clytemnestridae lucicutiidae, les heterorhabdidae 
presents au Temoin sans periode particuliere. 

+ Les Augaptilidae : les deux premiers genres sont 
presence reguliere en janvier et fevrier sur les 4 stations. 

+ Les Phaennidae soot presents en faible quantite de 
juillet a septembre. 

+ Les Ectinosomidae et les Sapphirinidae s'observent.de 
juillet a novembre. Microsetella uniquement pres des cotes. 

L' ensemble des observations fai tes sur le zooplancton de 
la mer de Monaco montre que les peuplements rencontres ont une 
composition similaire a ceux trouves dans d'autres zones de la 
Mediteranee Nord-Occidentale. Les Copepodes pelagiques consti
tuent dans tous les cas, au moins, deux tiers de la population. 

La composition des populations montre des differences 
entre le Temoin (Eucalanidae, Metridiidae) et les stations 
situees sur le plateau continental (Acartia, Centropages, 
Temoridae) . 

on peut noter la presence d'especes consideres comme indi
catrices d' eau d • origine atlantique Hecynocera clausi, 
Pleuromamma abdominalis, Lucicutia flavicornis, ou de forme 
consideree comme mesopelagique : Pleuromamma gracilis. 

En periode estivale 82 et 83, on est amene a remarquer que 
la biomasse zooplanctonique comme le pourcentage de copepodes 
dans la population diminue alors que la situation est totale
ment opposee en 1972 dans la baie de Villefranche, (Seguin, 
1981). Cette difference peut etre due a une pratique de peche 
differente mais aussi a des differences dans les conditions 
hydrologiques propres a chaque baies ou aux periodes 
d'observations : entre 1980 et 1983, la salinite de Monaco a 
ete anormalement elevee et pourrai t limiter 1. abondance des 
especes neritiques. 

-.SEGUIN, 1981 ; Oceanol. Acta, 4, 4 pp. 405-414 
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P-II23 
Caracterlstlques du developpement quantltatlf 

et de Ia structure du zooplancton 
des eaux cOtleres roumalnes de Ia mer Noire, 

pendant Ia perlode 1981-1985 

Adriana PETRAN 

lnstitut Roumain de Recherches Marines, Constantza (Roumaniel 

Des ~tudes sui vies concernant 1' ~volution du zooplancton dans le secteur de Con

stantza et aux embouchures du Danube entre 1 Y70 et 1 Y80 t;,, ~, ~), ainsi que dans les 

eaux cotieres du littoral sud' entre 1972 et 1979 (;!)' ont mis en evidence quelques trans

formations subies par les communaut6s zooplanctoniques en conditions d' eutrophisation. 

Durant cette d~cenie, quand les agressions des diverses facteurs alt~ragenes se 

sont accentu~es dans les communaut~s cOti~res, nous avons continu~ les observations, 

toutle long du littoral roumain jusqu'a 30m de profondeur, dans un r~seau de 28 stations 

(18 stations correspondant aux zones affect~es par les eaux us~es du littoral sud et 10 

stations dans le nord du littoral influenc~s par les eaux du Danube). L• analyse de 864 

~chantillons zoo planctoniques pr~lev~s mensuellement sur ces stations entre 1981 et 1985, 

ont permis les remarques suivantes: 

-pendant la p~riode consid~r~e, le zooplancton des eaux cStieres situ~es au sud 

du littoral (de Constantza jusqu' a Varna Veche) 1.. une densit~ et une biomasse moyenne de 

9987 ind./m
3 

et 560,19 mg/m
3 

(la biomasse moyenne du m~me secteur des ann~es 1Y72-

1980 a lltll 508,46 mg/m
3
). Ainsi,le developpement actuel du zooplancton 'a un niveau qua

tre fois pluslllev~ que celui de la ~riode 1961-1965 (152 mgjm
3
). C 1 est en 1984 qu'on a 

enregistrllles grandes valeurs1 d~terminlls par les importantes biomasses de Noctiluca mi

liaris aux mois de juillet-aSut (jusqu'a 99% de la biomasse zooplanctonique globale). 

Tableau 1. Valeurs moyennes annuelles des densit~s (ind./m
3

) et des biomasses 

(mg/m
3

)du zooplancton total des eaux c$ti~res du littoral roumain de 

Ann lies 

Densitlls (ind./m
3

) 

Biomasse (mg/m
3

) 

la mer Noire. 

1981 1982 1983 1984 

zone sud (Constantza- Varna Veche) 
15241 4915 7403 17066 

746,46 131,45 550,19 1201,61 

1985 

5308 

171,22 

Densitll (ind./m3) 22545 zone n~~t}Con~~~;t:a- Su~;;J 176968 

=B=io=m=a=s=se=(m=g=/=m=
3

=) ==83=6='=33= 199, 2?: 976,76. 253,74 10867,09 

- pour le secteur situ~ au nord du littoral (de Constantza jusqu' aux embouchures 

du Danube), les valeurs moyennes sont quatre fois plus grandes qu'au sud: densitll 

yenne de 45.037 ind./m
3 

et biomasse moyenne de 2627,17 mg/m3• Les valeurs les plus 

lllevlls se situent en 1985: 176.968 ind./m
3 

et 10.867,09 mgjm 3 (donnlles toujours par Noc

tiluca miliaris (Tableau 1 li 
- au cours des quatre cycles annuels d' observations, pour les deux zones consid~

r~es, le dllveloppement maximal s' est produit en ~t~ (Tableau 2), maximum estival toujours 

constitull par un nombre rMuit d' esp~ces plus toMrantes qui pullulent dans les communau

tlls zooplanctoniques. En premier, on observe les pousslles de Noctiluca miliaris; c' est 

alors qu' on cons tate une dllstructuration du systeme zooplanctonique cotier; 

.- dans les zones cotieres affectlles directement par le dllversement des eaux uslles' 

les communautlls zoo planctoniques sont appauvries et peupMes par un petit nombre d • es

peces: Acartia .Clausi Giesbr. la plus frequente (98-100%),Pleopis polyphaemoides Leuck. 

avec une fr~quence de 75-83, 3%, especes caractllristiques des milieux fortement eutrophi

slls; plus rarement on rencontre deux autres cop~podes: Oithona nana Giesbr. et ~

lanus parvus Claus., des rotiferes et des larves de Cirripedes. 

Mois 

Tableau 2. Valeurs moyennes mensuelles (1981-1985) des densitlls et biomasses 

zooplanctoniques des eaux c~tieres roumaines de 1a mer Noire 

IV v VI vn vni IX X XI 
Densitlls (indo/m

3
) 

Biomasse (mg/m
3

) 

1109 

33,00 

3717 7926 18807 24544 4991 6107 3512 

95,72 486,03 880,63 1635,95 106,56 216,60 98,73 

- les d~veloppements explosifs de Noctiluca miliaris durant les mois d • ~t~ de la 

p~riode 1983-1985 (jusqu 1 a 99% de la biomasse du zooplancton total), repr~sentent 1a ca

ract~ristique la plus importante dans 1' ~volution du zooplancton cotier; 

-pour la totalitll de la zone lltudille, marqulle par une puissante eutrophisation, on 

a enregistr~ pendant ces annlles, unimportant d~veloppement quantitatif du zooplancton, 

mais les biomasses sont constitu~es par un tres petit nombre d • especes, organismes fil

treurs ou capables d•utiliser la mattere organique se trouvant en exces; 1a faible diver

sitll sp~cifique est illustr~e par les petites valeurs des indices de diversit~ de SHANNON 

(H = o,o1a 1 ,9J; 

- 1' organisation des populations varie llnormllment avec les saisons; on a constat~ 

une periode de forte dominance d• une ou deux especes au cours de 1' lit~. 
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P-II24 
Elements concernant Ia structure trophique 

des communautes zooplanctonlques cOtleres 
du littoral roumaln de Ia mer Noire 

en conditions de forte eutrophlsatlon 

Adriana PETRAN et Maria RUSU 

lnstitut Roumain de Recherches Marines, Constantza (Roumanie) 

Le renforcement de I' eutrophisation des eaux du littoral roumain de la mer Noire 

qui a d/;termin/; depuis la derniere d/;cenie des quantit~s accrues de phytoplancton, d' am

pies et fr~quents ph~nomenes de floraison (!) et une croissance remarquable du taux de 

d/;tritus organiques en suspension (~), a influenc~ aussi, au niveau del' ~cosysteme p~la

gique, 11 ~volution des populations zooplanctoniques, principales canso matrices de la pro

duction primaire., 

Entre 1983 et 1987, des recherches syn~cologique ont ~t~ effectu~es sur les com

munaut~s planctoniques du littoral roumain en vue de connaitre le d~roulement des ph~no

m~nes de floraison et leurs cons~quences sur l' ~cosystE!.me cStier. Les caract~ristiques 

fonctionelles des communaut~s planctoniques ~tant d/;t~rmin~es par les relations tro

phlques qni s' ~tablissent entre ses diff~rentes populations, no us avons ~tudi~ les relati

ons spatiales et temporalles phyto-zooplanctoniques et les fluctuations de la biomasse des 

diff~rents groupes trophlques du zooplancton. Nous avons analys~ 562 ~chantillons zoo

planctoniques provenant d• un r~seau dense de stations situ~es de la cote a 30 milles au 

large et del' extr~mit~ nord du littoral jusqu' au sud de Constantza. 

Les variations temporelles ont ~t~ d~duites de pr~levements mensuels effectu~s 

d•avril!.. octobre. 

Durant la p~riode analys~e, caract~ris~e par l' ampleur et la succession tres fr~

quente des ph~nom~nes de flo raison' parallE!.leme:>t a 1' augmentation des quantit~s de sub

stances organiques dissoutes (nourriture en quantitf, excessivement grande) quelques es

peces phytophages et d~tritophages ont domin~ les communaut~s zooplanctoniques cStieres. 

On remarque surtout 1' importante pr~d01n;.nance num~rique et pond~rale de 1' espece d~

tritophage Noctiluca miliaris; ses populations tres abondantes, produis.ent de vraies flo

raisons de mal a a'Out, imm~diatement apres les pousses phytoplanctoniques. Les quanti

t~s maximales de 1• espece (95-99% de la biomasse totale du zooplancton), ont ~t~ enregis

tr~es en juin 1983, aout 1984 et juillet 1986 et 1987. 

Du point de vue spatial, dans les secteurs fortement eutrophis~s et ou les floral

sons sent persistantes, comme aux embouchures du Danube, a Portita et sur la cSte de 

Constantza, les populations de Noctiluca miliaris ont constitu~ 99% de la biomasse totale 

du .plancton(valeurs maximales de 31.914,00 mg/m3 a Portita en 1984;126.396,5 mgjm3 

en 1986; 64.525 mgjm
3 

en 1987, dans l•espace predeltaique). 

Du point de vue de 1' ~volution dans le temps, le phytoplancton s' est montr~ en per

manence exc~dentaire, surtout apres les grandes pouss~es algales printani~res et bien 

que le zooplancton soit domi:Ili par les esp~ces herbivores qui assurent un grazing impor

tant. Les valeurs des coefficients de correlations entre les biomasses du phytoplancton 

et du zooplancton ont ete habituellement n~gatives ou bien positive mais tr~s faibles 

(R = O, 16 en avril1984; -0,39 en mal 1985; -0,6 en mal 1986 et -0,71 en juin 1987), sig~ 

nifiant une tr~s faible d~pendance en conditions de grandes quantites de phytoplancton. 

s 
IN 

-det:rl.....,_ 
Pour iltustrer. la: successian et 

___ nanophacea 1' importance des difflirents groupes 

- __ eurl...... trophlques dans la structure des 
-caraiYorea 

communaut~s zooplanctoniques on 

a choisi l'ann/;e 1986, car c•est 

au mois de juin que s' est produit, 

pour l' intervalle analyse, la plus 

21 importante des flo raisons d' ~ 

aella cordata (Fig. 1 ). 

trf If r/ rf!f VI IX l'f11/s Au mois de mal, dans les condi-

F'-• 1 - Proportion~ croapea troplllquea dana tions d' une premiere pouss~e algale, lllil co.munaut&a -plaactoaiquea de la zone Con-
._.taa, pendant la "'.._..• an-il-aept.ebre 19..,. avec des especes de petite taille, 

excellente nourriture pour le zoo

plancton herbivore, celui-ci a et/; domine par les nanophages comme les tintinnides' les 

m/;roplanctontes et les formes juv~niles de cop~podes 0 Malgr~ le broutage des zooplanc

tontes herbivores, 1' lichelon primaire toujours en exc~s, a engendr~ une grande quantit~ 

de d~tritus organiques. c• est ainsi qu' en juin et juillet, quand la floraison d' ~ 

~a et de Cyclotella cas pia a produit un accroissement du taux de d(itritus organiques, 

pour tousles secteurs /;tudi~s, le zooplancton ~tait domin~ par le detritophage ~· 

~. Dans le groupe des herbivores signalons maintenant les populations abondantes 

de Pleopis polyphaemoides et aussi 1• euriphage Acartia clausi qui pullulent dans les com

munaut~s du mois d' atut. A la meme epoque, les detritophages diminuent jusqu • a dispari

tion; aux especes herbivores s'ajoutent des zooplanctontes carnivores tels que le chaeto

gnathe Sagitta setosa et le ct/;nophore Pleurobrachia rhodopis. 

La tres grande production de d~tritus organiques a conduit a une s~lection des 

espl>ces zooplanctoniques. Les plus tol~rantes comme N.miliaris ont des d~veloppements 

explosifs qui contribuent eux aussi a l' accroissement du taux de d~tritus et a 1 • ~volution 

vers des communaut~s zooplanctoniques peu structur~es. 
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R-11 
Temporal distribution of long-lived radlonuclldes 

In marine sediments at Southern Coast of Spain 

C. GASCO', E.IRANZO and L ROMERO 

•1nstituto de Proteccion Radiologica y Medio Ambiente, CIEMAT, 
Avda de Ia Complulense 22, Madrid 28040 (Spain) 

This communication describes the studies carried out at 
the southern coast of Spain,area of special interest as an acciden
tal release of transuranides ocurred near the seaside in 1966. 

Sediment samples were taken by a box-corer and a shipek
-grab at this area in 1985.The vertical distribution of radionucli
des were performed in these corers, further searchs on sediments 
chronology give a wide spectrum of the hysterical deposition of 
radionuclides. 

FIGI.RE 1 : SAMPLII«3 SITES, 

The profiles of transuranides distribution show an 
increase of concentration at the southern of the Almanzora river 
mouth ,processes involved in this fact are investigated. 

The accuracy of radiochemical transuranides analysis was 
checked by analyzing standard material and duplicated samples 
IIBTBODOLOGY 
----The area choosen for the study was the southern coast of 
Spain, including the coastal area of Palomares,between Cape of Palos 
and Cape of Gata.Samples were collected at 50,100,200,500 and lOOOm
.depth.Sedimenta were sampled by a new desing box-corer and each co-

re was extr~~'19!~uHode:n~f ~'4£hi~:~e analyzed by ioc leal 
·se§'!'iation techniques and measured by u-spectrometry,Pb2fG ,Pb~f!l and 
Cs were- measur~~0by y spectrometry with Ge intrinsec detector. 

The Pb method has been applied to study the chronology 
of sediments. The model of Robbins has been assumed as a first 
approach. 

22 

26 

Actividad Puu1• Pul" Bq I Kg 
1.0 2.0 

0 PA 18 
0 PA 29 

A PA 3' 
• PA 12 

PA 30 

~ : CoocENTRPC!Cll DE Pu EN FltiCTION DE LA PROOLNDIDAD EN EL MJCL£0, 

RESULTS AlfD CONCLUSIONS 
The resui ts of the radionuclides analysis of some 

sediment corers are showed in the figures. 
The studies about differences between inventories of the 

stations and the processes controling these,will contribute to the 
knowledge of transuranides behaviour in Mediterranean sea. 
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R-12 
Blosystematlc analysis In the study of environmental 

radlocontamlnatlon In marine ecosystems 

Maria Grazla MEZZAORI, Vittorio PARISI, Roberta ZAMPICCININI and Monica GALLIANI 

Museo di Storia Naturale, Universitil, 43100 Parma (ltalia) 

The distribution and circulation of radionuclides in marine ecosr 

stems is regulated - as well as by physical-chemical factors - by the 
biological population, and often in a highly specific manner. Plan~ 

ton and coastal benthos play a different role in these processes, 
given also t-he special hydrological conditions of the neritic zone, 

which is more affected by continental contributions. 

This paper reports the methodological approach used in studying 

radiocontamination in a 20 Km-wide tract of sea extending from the Po 
River Delta to Cattolica. This research is part of a wider program 

sponsored by the Emilia Romagna Region for studying marine conditions 
in this area, especially as regards pollution. 

The main purpose of our research is to evaluate the role that rna 

crobenthic organisms play in the circulation of radionuclides in this 

stretch of sea, which is particularly influenced by the Po, whose 

waters are those chiefly responsible (in quantitative terms) for the 

conditions of environmental deterioration in the area (eutrophic~ 

tion, etc.). 

Generally, in determining the levels of radiocontamination in an 

environment, one is limited to gathering certain biological samples, 

which are then identified taxonomically and prepared for the radiom~ 

t ric ana 1 yses, without going on to study the env i ronmenta 1 context in 
which the species that have been coli ected 1 i ve. This type of approach 

cannot be adopted in studying the circulation of radionuclides in a 

given environment, since it doesn't provide information on the space

time and trophic connections among the species, knowledge of which is 
fundamenta 1 to an effective 1 y uti I i zab I e description of the rad ion~ 
elide distribution. 

The first essential 

terms, the demographic 
point is to define, even in approximative 

structure of the populations, particularly for 
the species that are quantitatively important in the area studied; 

this is necessary on one hand because of the different part that each 
group plays in the assumption of radionuclides, and on the other for 

evaluating the "state of health" of the population in question. 

This type of information can be found thanks to the biometrics of 

the animals which are to be prepared for the radiometric procedures. 

We determined the population structure of all those species which 

were subsequently subjected to rad i orne try. 

In the species in which it is possible, we go on to examine the 
"gut-content", so as to have as good an understanding as possible of 

the trophic role that the particular species sustains in the enviro_!! 

ment being considered. Remember that ill the species in a given area 
were gathered homogeneously within a limited space and time precisely 

so as to respect any trophic relationships and thus be able to reco_!! 

struct them. 

An efficient analysis of the contents of the alimentary canal is 

not possible for all species, and in some cases it is necessary to 

go by data in the I i terature regarding the species' potentia I diet. 

We were however able to examine successfully Astropecten irregularis 

and Phi 1 i ne aperta, obtaining among other things interesting inform~ 

tion on the animal population of the specific area with .respect to 

small species. 

The study of the fauna, 1 imi ted for technical reasons to the macrQ 

invertebrates, is important in characterizing the environment; in a~ 

dition, it furnishes accurate information regarding the probable role 

of the animal population in the circulation of radionuclides. 

In the area studied there are various type of macrobenthic associ~ 

tions: from highly simplified zoocoenoses close to the coast to 

comp 1 ex b i ocoenot i c structures further off- shore, with a character.!. 

stic distribution of the d'ifferent communities (Parisi~~·, in pr~ 

paration). 
In addition to .the distributive aspects of the species subjected 

to radiometric research, the data on the zoocoenoses .is essential to 

an understanding of the different ro I e that such communities may pI ay 

in the circulation of radionuclides. This examination requires that 

they be interpreted in terms of the presence of fi Iter-feeders, pred~ 

tors and scavengers, keeping in mind that there are no large herbi VQ 

res in the area, given the absence of phytomacrobenthos. The former 

are fundamental in transferring radionuclides from the water to the 

sediment (as occurs in zoocoenoses where Bivalves predominate); the 

latter two instead are important in the fine redistribution of radiQ 

nuclides in the sediment. 
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Preliminary data on 60Co uptake by the Black Sea Molluscs 
Mytllus galloproylnclalls Lam. and Mya arenarla L. 

under laboratory conditions 

Alexandru S. BOLOGA 

Romanian Marine Research Institute, 8700 Constantza (Romania) 

ABSTRACT 

t~~~i~~n~~ ~~~;m~f!c~l~;!e~i~~v~o:~~~~~~!i~~l{~~~~·~~!:)t~~r 
Romanian shore are given. 

RESUME 

Ce travail presente des facteurs de concentration (FC) preliminaires du 60co deter
mines en conditions exp§rimentales chez deux Mollusques Bivalves communs du littoral 
Roumain de la mer Noire. 

Quantitatively, Mytilus galloprovincialis and !z! ~ are 
among the most wide spread bivalve molluscs ot the Romanian coast. 
Former radioecological approaches initiated on these biota (BOLOGA, 
1984,1985) have confirmed their stature as bioindicators tor certain 
radionuclides (e.g. POLIKARPOV,l966; DAHLGAABD,l98l; GO~Z!! ~·• 
1986). These researches have continued under laboratory conditions 
(IAEA,l975) by the determination ot CFs tor 60co, which is a vital 
microelement and also an-important activation product, with a long 
halt-lite (5.25 y) and belonging to the upper medium radiotoxicity 
group. 

l!IAHRIALS AriD METHOD 
Adult specimens ot mussel and soft olam were collected at Con

stantza and ll-aia between June and AU&U&t 1987. The experimental 
procedure was previously described (BOLOGA,l984). For each species 
(shell, soft part, byssus and syphon) two uptake experiaents were 
performed in 'o l aquarie, with 4o unfed animals per experiment, by 
adding lll kBq 1-l aequous solution of 60coc12• The experiments 
lasted between lo-25 daya. 60co activity was moDitored durins uptake 
and measured aimultaneousl7 in water and three animals per sampliD& 
point, every 2 to ' d, with a mono-gamma counter IFI»-LS, coupled to 
a wall-type ~ai(Tl) scintillation or7stal; countiD& efficiency was 
about ~. The radioactive water was not changed during the experiments. 

rulSULTS, DISCUSSION, CO.NCJ.USIO» 

Table l. ;~ng~~!r~!i::~!~t~ ~!~tr:i:!ion to 
fresh weight) 

Species shell soft part byaaua snhoa 

!· sillt:tr 
6-17 15-,2 251-72, 

s lo-18 lo-5o 25,-754 

!· .!!:.!!!!!!.! ,_6 5-17 1,-40 
2- 6 ,-12 lo-'1 

The highest CFa in mussel were toun4 durin& the first experi
aent after 8 d in all samples aad during the second one after Ui, 
25 and lo d, respectivel7. In aoft clam these CFa were reached 
durins the first experiment after 6 d, and in the second after let Ill 
in all components. 

It seems that due to the short duration of these preliainar)' 
experiments in 1987, equilibrium concentrations have not been 
achieved tor the soft part ot mussel and tor all components of soft 
clam. 

As to other reference data, the resQ!ts obtained as 7et on the 
mussel from the Black Sea agree with those on Mxtilisepta v1rcat!f 
from the Pacific Ocean with the tollowins CFsa shell • 11, soft 
part • U and b)'saus • 658 (BISBIWAU ~ ~.,1981)1 with regard to 
the aott clam resuts are lower as compared to the rare data on the 
same species from the Pacific (HARRISON,l97,). 

The low CFa so tar obtained in the mentioned bivalves point 
out the necessity of further work in order to establish it these 
species would make suitable b1oindieators tor '•co eont .. ination 
in the .Black .Sea. 

rulFi:BEIC:IS: 
BOLOGA A.S., 1984 - Cereet.aar.-Rech.aar., 17, 285-295. 
BOLOGA A.S., 1985 - Rapp.Comm.int.ier iedit., 29, 7, 245-248. 
DAHLGAARD B., 1981 - in Im~zaets ot aidionuolide Releases into the 

Marine Environment, I A, '61-37o. 
GOMEZ L.S. ei it., 1986- Sandia Report, SAID85-26,l, July. 
HARRISON F .r., -r97' - in Radioactive Contamination ot the liarine 

Environment, IAEA, 45,-418. 
IAEA, 1975 - Desifn of Ra4iotracer E~eriaenta in ~arine Biological 
~. !AI , Techri.kep.Seriea o.i67. 

~ISHI~ et al., 1981- in Impacts of hadionuelide Releasee into 
the aarini livironment, IAEA, 4oi-419. 

POLIKARPOV G.G., 1966- R&dioecolo~ of Aquatic 0rganiama, Borth 
Holland Publ.Comp., Aiaterdaa- ew fork, '14 pp. 
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Polonlum-21 0 In marine Fish 

Fernando P. CARVALHO 

Laboratorio Nacional de Engenharia e Tecnologia Industrial 
Departamento de Prot~ e Segur~ Radiologies 

EN 1 0, 2685 Sacavem (Portugal) 

Po-210 is concentrated by marine organisms and concentration factors repported 

are typically about 10
4 

for zooplankton, 10
2
-10

3 
for fish muscle and reach 10

5 
for 

fish liver. 

Po-210 activity concentration levels in marine fish were found to be indepen

dent of water depth in ocean, and high concentrations are displayed by epipelagic 

teleosts as well as by deep sea teleosts. Epipelagic teleosts, as sardine and maecke

rel, which food heavily relies on zooplanktonic crustaceans, display the highest 
210

Po 

concentration found in fish muscle (2-21 Bq.Kg-l wet wt), while large predators as the 

blue-marlin and the oilfish display lower concentrations (0.4-0. 7 Bq .Kg -I). Varying 
210

Po concentration were also measured in muscle of mesopelag-ic and bathypelagic fish. 

In all oceanic and neritic domains studied, 
210

Po concentrations found in fish are 

explainable by food-chain transfer. 

A similar pattern of 
210

Po distribution in fish tissues was found in teleosts and 

elasmobranchs from all depths, but a clear cut exists between these two fish groups. 

Fig 1. Relative contribution of internal C
210Po, 

4
°K, U, Th) and external radiation 

sources (Ext) to the absorbed dose rate in the tissues of the Atlantic 

sardines. 

BONE 

MUSCLE 

LIVER 

PILORIC CAECCA STOMACH 

Sardina pilchardus 
( Epipelagic) 

GONAD 

INTESTINE 

Absorbed radiation doses in fish come from internally accumulated nuclides and 

external radiation sources. External sources, as cosmic radiation, dissolved 
4

°K in 

sea water and natural nuclides in bottom sediments, give, however, lower contribution 

than internal 
210

Po. Due to the variable 
210

Po concentration in fish tissues also the 

contribution of this nuclide to the absorbed radiation dose varies accordingly. Con

sidering for instance the common sardine, the 210Po contribution for the absorbed dose 

rate is always the most important in every tissue (Fig.!). Dose equivalent rates due 

to 
210

Po alone can be so high as 3xi0
2 

mSv.y -l in sardine liver and Sx!0
3 

mSv.y-l in 

intestinal walls. 

In epipelagic teleosts the external radiation sources contribute with about 1/3 

for the total absorbed dose rate in fish muscle. The remaining 2/3 contribution from 

the internal sources is mainly shared between 
210

Po and 
4

°K, while man-made radionu

clides, as 
137cs and 239+240

Pu, contribute with o:s% or Jess to the absorbed dose. 

l. O!erry, RD and Heyraud, M. Science 218, 54-56 (1982). 

2. Carvalho, FP. IVth Int. Symp. on Natural Radiation Environment, Lisbon 1987 

(in press). 

Research carried out with the support of CEC contract No.BI 6-B-198-P and IAEA Res. 

Cont. No. 4390/Rl/RB. 
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• National Centre for Marine Research, Aghios Kosmas, 16604 Hellinikon (Greece) 
•• Laboratoire de Chimie lnorganique et Nucleaire, Universite Catholique de Louvain, 

1348 Louvain-La-Neuve (Belgique) 
••• lnstitut Royal des Sciences Naturelles de Belgique, 1040 Bruxelles (Belgique) 

•••• Department of Biology, C.E.N.-S.C.K., 2400 Mol {Belgium) 

ABSTRACT 

laboratory experiments with two macroa lgae, collected a long the Belgian and Dutch 
coasts, have shown that the concentration of technetium (Tc-95m) was increased in 
1 ight and decreased in darkness. Moreover, it was lower at 4°C than at 2PC. In 
addition, inactivation of the algae at 50°C strongly inhibited technetium uptake. 

INTRODUCTION 

Radiochemical analyses of Tc-99 content of natural samples and laboratory 
experiments with Tc-95m have revea 1 ed that, among brown marine a 1 gae, some species 
belonging to the Fucales (Ascophyllum nodosum, Fucus serratus, Fucus spiralis and 
Fucus ves1culosus) show concentration factors\CfsTaTiaining 50,000 (see 
1 i terature in Bonotto et a 1., 1988). The high CFs observed for Tc-99 under natura 1 
conditions might result from an integrated accumulation process, the a 1 gae being 
exposed to 1 ow 1 eve 1 s of this radi onucl ide for quite a 1 ong time (up to a few 
years). Moreover, environmental and biological factors are thought to play an 
important role in the uptake, distribution and metabolism of technetium in marine 
algae. It was, thus, of interest to investigate the effect of light, darkness and 
temperature as well as the influence of the physiological conditions of the algae 
on the concentration of technetium. This paper reports results obtained with the 
species Fucus serratus and Fucus spiralis. 

RESUlTS AND DISCUSSION 

The uptake of Tc-95m by both species of Fucus was found to be dependent on 1 ight 
and temperature. In Fucus serratus, the amount of Tc-95m taken up in darkness was 
only one fifth of t1iafl ncorporated under 1 i ght conditions. Moreover, in algae 
kept at 4°C, a strong reduction (about 70%) of technetium fixation was observed in 
short-term experiments (up to 6 hours). In addition, heat inactivated algae 
incorporated only 0.3% of the activity measured in the normal ones. Nevertheless, 
it has been possible to visualize by autoradiography the localization of Tc-95m in 
inactivated algae, by exposing them to an X-ray film for several days (fig.l). 
This result shows that in heat inactivated algae, like in the normal ones, Tc-95m 
is heterogeneously distributed, being more concentrated in some apical regions, 
probably because the i nacti vati on was not comp 1 ete. Scanning e 1 ectron microscopy 
(SEM) of the surface of Fucus spiral is has shown that the cells were covered by an 
organic coating, which might bind some radionuclides. It was reported, in fact, 
that adsorption of americium (Am-243) occurs in the thin outer organic coating of 
the related species Fucus vesiculosus (Carvalho and Fowler, 1985). Although the 
experimental evidenceaccumulated ti 11 now suggests that Tc-95m uptake in Fucus 
serratus and Fucus spiralis is controlled by physiological processes, a limited 
surface adsorption of this radi onuc 1 ide might occur. 

~~f~~~diograph of Fucus serratus inactivated in sea water at 50°C {according to 
Topcuo§lu and Fowler;-1984) before to be supplied with Tc-95m and processed for 
autoradiography (according to Bonotto et a 1., 1986). Due to the very 1 ow 
incorporation, the alga was exposed to an X-ray film during 5 days. Note the more 
intense labeling of the midribs and of some apical regions. Scale = 1 em. 
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The effect of temperature on Mercury toxicity 

In the Mussel Mvtllus galloorovlnclalls 

T. ENGIZEK and B. SOYfURK 

Radiobiology and Health Physics, Research and Application Center, 
lstambul University, lstambul (Turkey) 

ABSTRACT. The effect of temperature on the toxicity of mercury in 
Mxtilus galloproyincial is collected from the shore of Bosporus, 
Turkey, was studied in experimental aquaria using Hg-203 as tracer. 
Results are referring to the experiments done in October and 
February in sea water temperature 22 and 15 Celsius respectively. 
An inverse ratio was found concerning the survival of mussels 
exposed to the mercury toxicity and the water temperature influence. 

INTRODUCTION. Mercury is a heavy metal introduced in the 
environment as a waste product due to the developing industry and 
technology. Mercury toxic effects in organisms have reached 
dangerous levels in certain cases ( 1, 2). It has been reported that 
season and temperature variations are functional parameters in the 
bioaccumulation of mercury by various organisms (3). 

EXPERIMENTAL. Mytilus galloprovincialis specimens (about 60 mm 
length), collected from Yenikoy shore of Bosporus (Istanbul, 
Turkey), were used for the experiments performed in October and 
February, in sea water temperature 22 and 15 Celsius respectively. 
0. 2 mgjl of sublethal quantity HgCl2 (24 uCi/1 Hg-203} were 
introduced into the experimental aquaria at both temperatures. 

RESULTS AND DISCUSSION. The experimental data of this work 
referring to the radioactivity percentage and death ratio for M. 
galloprovincialis exposed to Hg-203 at 15 and 22 Celsius are 
presented l.n !'ABLE 1. 

Biological accumulation is eithe: directly or indirectly 
depended on the species of the organ1.sms, the physicochemical 
characteristics of the contaminating substance and the physical 
condition of the medium ( 4). The effect of temperature and mercury 
concentration on the average survival of the mussel Mytilus edulis 
has been investigated (3). The average survival of musselS1il8 
mercury dose 2.5 m«/1, when the animals were kept at 16 Celsius was 
found to be 5.0 days, while for mussels exposed to the same dose but 
kept at 20 Celsius, a lower value 3.1 days was observed. These 
results are in accordance with the ours given in TABLE 1, where an 
inverse ratio in the survival of the mussels exposed to mercury 
toxicity and the water temperature influence can be postulated. 

TABLE 1. Radioactivity percentage in 
water (A/ml) and death ratio of mussels 

OCTOBER FEBRUARY 
----------------------------------------------------------

22 c 15 c 22 c 15 c 
------------- ----------- ------------- -----------

S.M. S.M. S.M. S.M. 

Days A/ml E. c. A/ml E. c. A/ml E. c. A/ml E. c. 
(%) (%) (%) (%) 

-------------------------------------------------------------------
1 
2 
3 
4 
7 
8 
9 

11 
15 
18 
24 

(S.M.): 
( E. ): 
( c. }: 

100 28 10 100 7 
76 27 10 28 7 
58 14 10 17 7 
44 4 10 13 7 

2 1 10 9 7 
2 10 8 7 

10 6 7 
10 5 7 
10 5 7 
10 3 7 
10 3 7 

Number of survived mussels 
Experimental 
Control 

7 100 10 10 100 7 7 
7 33 10 10 36 7 7 
7 18 10 10 20 7 7 
7 16 10 10 15 7 7 
7 13 2 10 10 7 7 
7 7 1 10 9 7 7 
7 6 10 7 7 7 
7 10 5 7 7 
7 10 4 7 7 
7 10 3 7 7 
7 10 3 7 7 

Mussels, in order to meet oxygen and nutrition requirements, 
use higher amount of water during their muscle movement. Thus 
mercury concentration in their organism is increased at higher 
temperatures. In relation to this phenomenon, the distribution rate 
of mercury taken up by the mussels increases due to the enhanced 
metabolic activity at high temperature and therefore the toxic 
effects are displayed faster. 

From the data reported in litterature and the results of our 
experiments it can be concluded that the temperature is an important 
factor in the attainment of mercury toxic effect in the organism. 
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Distribution, accumulation of Selenlum-75 
by time In different organs and tissues 
of Scard!nus erythrophta!mus (Linne) 

Arif BAYSAL 

Black Sea Technical University, Faculty of Sciences, 
Department of Biology, Trabzon (Turkey) 

Because of the importance of selenium in the metabolism of 
living organisms and its role in environmental pollution (l-5),a 

study on Scardinus erythrophthalmus ( LINNE.) which is important 
food was carried out by injecting 0.050 cc (0.34 yCi/ g) of sodium 

salt of selenium-75 isotope into the abdomen muscle of the fishes. 
11 fishes were dissected after 2 days and 3 fishes each after 4, 

6,8,10,12 and 14 days. The radioaetivity was measured on an Ecko 
N 530 G type scintillation detector with Nai (TI) crystal of 2x2 

ir,ch. The radioactivity was measured in one gram of the tissues 
and organ:..; and reported as per mille of dose injected. 

For all periods the t.iE:SE<cos ;.:.nd c,:cg.:nw of tl1e f.ishes can 
be cl:>ssified into three main groups according to the retention 

of selenium-75. The first group: liver, spleen, kidney, stomach, 
small and large intestine and gall bladder retained the highest. 

amounts of selenium-75.The second group: fins,heart, gill, blood, 

air bladder, scale, skin, llead, gonad, brain and fat tissue reta

ined medium levels,The third group: chest muscle, tail muscle and 

dorsal muucle retained the lowest amounts of selenium-75. 

Also the same organs and tissues did not give the same 

value by the time. 

0ome OI'gmw of the uarne structure and !'unction, for exalrip

le ventral awi anal fin::> .J,Jre:oent relatively different behaviors 
with rec~pect to the :retention of ueleniurn-75. 

The selenium-75 concentrations determined during long peri
ods after injection in tissues and organs of Carassius auratus 

gibelio (BLOCH) (6) and the results of the other investigations 

carried out on calves, lambs, pigs (7), rats (8) and human beings 

(9) support our findins relating the distributions of selenium-

75. 
In our study, the 

gall bladder retained 
digestive system, liver, spleen,kidney and 
the highest amounts of selenium-75. These 

organs are not used as human food. Since the muscle tissues reta
ined the lowest amount of selenium-75, the amount of selenillm-75 

taken by human body will be relatively lower by the use of this 
fish in feeding. 
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Biokinetics of Selenium 

in the Benthic Shrimp pa!aemon e!egans * 
E.H. SCHULTE, P. SCOPPA and A. SECONDINI* 

C.E.C., c/o ENEA, CREA S. Teresa, La Spezia (Italy) 
*ENEA 

Organic compounds, probably low molecular weight pep tides containing seleno-amino

acids, account for the most of the selenium dissolved in surface seawater. On the 

basis of this information, L-selenomethionine has been utilized for studying incor

poration, body-distribution and elimination of selenium by the shrimp 

elegans. Bioaccumulation of organic forms of selenium from seawater is 

pronounced than for inorganic forms such as selenite. More than 85% of the body 

burden of Se-75 was incorporated in high molecular weight proteins. Elimination 

of Se occurred following multiphasic kinetics, indicating the presence of at least 

three compartments, in which selenium shows different biological half-lives. The 

results obtained suggest the need of further studies on biomagnification and toxi

city of organic selenium compounds to marine organisms. 

INTRODUCTION 

In consideration of their high toxicity of some selenium compounds experiments 

have been performed in order to elucidate the environmental behaviour of selenium 

and its transfer through terrestrial and aquatic food chains (l). Because of the 

relative low concentration factors (CF) {less than 50) encountered in experiments 
with marine organisms utilizing inorganic forms of Se-75 (2,3), in our experiments 

the kinetics of accumulation and loss of Se-75 have been studied in the benthic 

crustacean Palaemon elegans using selena-methionine marked with Se-75. The seleno

aminoacid was chosen also because in marine surface waters selenium is predominantly 

present as organic compounds such as aminoacids and peptides of low molecular weight 

( (4). Therefore, it was appropriate to use seleno-L-methionine in our experiments 

in order to study accumulation, organ and tissue distribution as well as its release 

by the shrimp. 

EXPERIMENTAL 

The accumulation of 75-Se-L-methionine from water (370 kBq/lOL) by the shrimp was 

followed for 25 days using two groups of 30 specimens each. During the experiment 

the concentration of 75-Se-methionine had to be corr.ected several times because 

of absorption to the container walls and excrements ( 5). After 25 days of accumula

tion no equilibrium was reached by the shrimp and accumulation continued linearily. 

At the end of the accumulation phase 10 individuals were dissected and the organ 

distribution determined. 

RESULTS AND DISCUSSION 

After 25 days, when the accumulation phase was interrupted, the concentration factor 

of the whole organism had reached a value of more than 400. Most of the radioacti
vity w'as found in the hepato-pancreas wi-th a CF of about 4000 followed by gills 

( CF 1300) and stomach ( CF 800) . 
The release of Se-75-methionine by the shrimp was observed for 59 days. At regular 
time intervals five specimens were dissected and the distribution of the radioacti

vity determined in the various organs and tissues. The release kinetic of selenium 

by the shrimp was characterized by three distinct phases: a fast phase, responsible 

for the elimination of about 30% of the body burden of Se-75 fixed in the hepato

pancreas and stomach, a medium phase which represents 52% of the total Se-75 and 
regards most of the remaining organs and a slow phase eliminating 18% of the total 

radioactivity localized in muscle tissues. The bilogical half-lives of 75-Se-methio

nine in the three compartments have been calculated to 2.3 days (digestive system), 

15.4 days (remaining organs and tissues), and 138.6 days (muscle tissue). 

About 90% of the 75-Se-methionine have been found in proteins (precipitation 

by Trichloroacetic acid) while the remainder was present as selena-amino acids 

or pep tides. Thus J one can assume that 75-Se-L-methionine is incorporated into 

proteins and substitutes the essential amino acid L-methionine. 

During the experiments high mortalities could be observed in the shrimps which 

was attributed to the chemical toxicity of L-seleno-methionine, highly accumulated 

in some organs (digestive system) although the initial concentration in the water 

was extremely low ( 1nM). 

These results require further studies for a better evaluation and understanding 

of the behaviour of organic compounds of selenium in the aquatic environment consi

dering its bioavailabili ty and transfer through the food chain as well as the deter

mination of toxic levels for most sensitive species. 

1) COUGHTREY P.J., JACKSON D., THRONE M.C.; Selenium, In: Radionuclide distribution 

and transport in terrestrial and aquatic ecosystems: a critical review of data; 
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4) CUTTER G.A., BRULAND K.W.; The marine biogeochemistry of selenium: a re-evaluation. 
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Nutrizione Umana, N°192 (1985) 
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R-II7 
Remoblllzatlon of Technetium from sediments 

by Polychaetes at the sediment-water Interface * 
E.H. SCHULTE 

C.E.C., c/o ENEA, CREA S. Teresa, La Spezia (Italy) 

Literature data indicate that bioturbation strongly affects the recycling of radio

nuclides through the benthic boundary layer. Technetium bound firmly in reducing 
sediments may be resolubilized by the biological activities of benthic organisms 

of the in fauna. Results show that transfer of nuclides to fauna ingesting particles 

is very slow whereas transfer from interstitial water is probably the predominant 
source of technetium for sediment-dwelling fauna. 

INTRODUCTION 

In the geobiochemical cycling of many natural and man-made contaminants sediments 

may be considered as a final sink and/or ultimate pollutant reservoir in the marine 

environment. In addition to physical processes, bioturbation, generated by biologi
cal activities of the sediment-dwelling organisms, seems to be a principle mecha

nism in transfers and recycling of sediment-associated pollutants through benthic 

ecosystems ( 1 ,2). 
Reworking of the upper sediment s,trata by bottom-dwelling organisms may reach down 
to 20-30 em depth also in anoxic environments, thus oxidizing portions of anoxic 

sediments by pumping oxygen-rich surface water through their tubes. In this way 

contaminants such as radionuclides, reduced and immobilized in anoxic sediments, 
may be reoxidized and delivered to the water column. 

On the basis of former results on leaching and remobilization of Tc from sediments 
(3,4) further studies were performed in order to evaluate the influence of biologi

cal activities of the infauna on the biogeochemical cycling of Tc with special 

reference to the sediment-water interface. 

EXPERIMENTAL 

Two polychaete species were used having different feeding habits which may be impor
tant to the diStribution and fate of radionuclides in sediments. Nereis sp., a 

surface deposit feeder, may be especially_ important in vertical transport processes 

from the surface to deeper sediment layers, while Marphysa bellii, a subsurface 

feeder, may play an important role in the remobilization and recycling of radionu

clides from sediment to the water column. 
Aliquots (-lKg) of humid sediment was mixed with seawater to gain a slurry to which 

12 pCi ( 444 kBq) Tc-95m were added under strict anoxic conditions and stirred for 

more than 1 hour sustained by vigorous bubbling of nitrogen through the s~spension, 

then filled equally into five· tubes (¢ 3.2cm, 35cm length, surface Scm , medium 

depth of sediment 25cm) and let settle for three days. Only three tubes received 

Nereis sp. weighing 0.95, 1.17; 1.00, 2.73; and 1.78, 0.54g, respectively. The 
volume of the seawater overlaying the sediment was about 50ml at the beginning 
increasing daily because of compacting of the sediment by the activity of the worms. 
The oxygen content in the water was maintained constant by continous air-bubbling. 

The whole volume of overlaying water was sampled daily and measured for radioacti....., 
vity. 

RESULTS AND DISCUSSION 

The results showed a steady release of radioactivity from the sediment to the water. 

On the average 0.26-0.36% of the total Tc-95m present were remobilized per day 

in relation to the polychaete biomass present. In tube 2 with 3. 73g FW of worm 

0.36% of Tc were released daily while tube 1 (2.12g FW) and tube 3 (2.33g FW) 0.28% 

and 0.26% of Tc were remobilized per day, respectively. After 49 days the overall 

percentages of Tc-95m removed were 13.89%, 18.13%, and 13.07% for tube 1,2,and 3, 

respectively, w:hile in the same period the blank without worms lost only 4.36% 

of the total Tc which corrispond to 0. 089% per day. 

After centrifugation of the sediment of the blank the radioactivity content of 

Tc-95m in the interstitial water was found to be only 0,15-0.21% of the total Tc 

present in the sediment. Thus, it can be assumed that at the beginning of the expe

riment all Tc was bound to the sediment. The lost radioactivity from the blank 

may be explained by diffusion processes in the upper sediment layers and reoxida
tion in the water column. 

At day 28 of the experiment tube 4 received one specimen of Marphysa bellii (2.57g) 

which removed only 2". 21% of the Tc-95m in 20 days, i.e. 0.11% per day, This low 

value may be due to the lower physiological activity of this polychaete compared 
to Nereis. 

However, concentration factors (CF) calculated at the end of the 49 days period 

showed a medium value in Nereis of CF 13.5±4.6 while Marphysa reached a CF of 80.6, 

This higher CF may result from direct uptake of Tc-95m from the sediment since 

Marphysa ingests very often sediment and produces fecal pellets consisting totally 

of sediment grains. Transfer factors ( TF) of Tc-95m from sediments to worms were 

low and confirmed data from the literature (5,6, 7). Nereis showed medium values 
of TF 0.25 while in Marphysa the TF was about four times higher, i.e. TF 1.112 

confirming a higher sediment bound nutrition than in Nereis sp .. 

So far, the results of the laboratory experiments let presume that in areas of 

high polychaete population densities where Tc results bound in the upper 20cm of 

the sediment, a considerable amount of the radionuclide may be remobilized by the 

biological activities of the infauna. 
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Trivalent Cr-51 bloaccumulatlon study 

In two Mollusc species 
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National Center Research "Demokritos", Aghia Paraskevi, 15310 Attiki (Greece) 

ABSTRACT. The uptake and elimination of Cr 51 in 1,he t-rivalent 
for-m by t-he mol Jus<:s VP.neruJ!is sp. and Mytilus :·;p. were studied. The 
upt-ake exp<er·imeni,s l~daYs and the concentration factA>rs (K) 
found were !i5 for Mytilus ~· and 47 for Venerup·is !i£.. whi lc the 
biological half life values were 36.3 and 42.5 days respectively. 
The distr·ibut.ion pat.tern of Cr-51 in the body of both mollusc was 
also determined. 

IN'I'RODIH":TION. Large amounts of chromium are used in industry and 
to the environement include metal plating, fossil combustion 

ore refining, leather industry and others. The presence of Cr-51 in 
the marin., environment has been reported by several investigators 
(1). Radioactive ehromium is derived .from nuclear tests and from the 
disposal of radioactive waste of atomic plants. Moreover Cr-·51 is 
one of t,he corrosion products of nuc 1 ear power ships. The abi liLy of 
certain marine species to concentrate Cr-51 in the trivalent or 
hexavalent state has been reported (2,3,4}. In order to extend our 
knowledge on the acummulation of Cr·-51 by various mollusc species we 
studied the Cr ·51 biokinetics in Venerupi s ~· and Mytilus 
galloprovincialis. The species chosen have a commercial value and 
are used for human consumption. 

EXPERIMENTAL. Venerupis sp. and Myti lus ::g. were collected from 
Salamis Island in Saronicos Gulf (Greece). Sea water was also taken 
from the same area. Two uptake experiments were performed (n=10) for 
each species at a temperature (about 20 Centigrade} and salinity 
(38¥o ) using the gamma emitting radioisotope Cr·-51, H.L. 27.8 d. as 
chromium chloride { 40 uCi Cr-51/18 l sea water). The experiments 
lasted 20 days. In order to determine the distribution of Cr-51 
accumulated in the body of the molluscs certain individuals from 
each species were dh:sected at the end of the uptake experiments and 
the Cr-51 activit-y in the different parts of their body was counted. 
The elimination of Cr-51 in the two mollusc species was studied in 
order to determine the biological half life. Moreover leaching 
experiments were performed by placing the shells in 0. 5 N HCL. 

RESULTS AND DISCUSSION. The concentration of Cr-51 in Mytilus sp. 
reached a stable level within 10 days from the begin1ng of the 
uptake experiment and in Venerupis sp. within 8 days; the 
concentration factors were found to be K=o55 and K=47 respectively. 
The distribution of Cr·-51 in the whole body of Mytilus ~- and 
Yenerupjs .,SR.. is given in Table 1. 

TABLE 1. Distribution pattern of Cr-51 
radioactivity (%), in the whole body 

of the two molluscs after 20 d. exposure 

Organism Shell Soft Byssus Body 
parts fluid 

Mytilus 35. 2 33. 8 23.5 7. 5 

~ 
Venerupis 58.9 29.4 11.7 

~ 

In the soft tissues of the species studied the distribution pattern 
of Cr-51 was found to be as follows: MYtilus ~· (Visceral mass 
82. 6%, muscle 1. 7%, foot 0. 6%, gills 10. 1% and mantle 5. 0%}. 
Venerupis sp. (Visceral mass 85. 5%, muscle 2. 7%, foot 0. 7%, gills 
3. 1%, mantle 3. 8%, ventral siphon 1. 6% and dorsal siphon 2. 4%). The 
biological half life in Mytilus sp. was found to be 36.3 d. and in 
venerupis !!.P.· 42.5 d. --- -

Medium concentration factors for both mollusc species were found. 
In Venerupis ~ the larger part of the accumulated whole body 
radioactivity was found in the shell. This is in agreement with 
previous data concerning another mollusc species (3). However in 
MYtilus §£;only 35.2% of the Cr-51 activity was found in the shell, 
while a considerable part of the radioactivity was found in the 
byssus. Viscera found to be an important deposition site of Cr-51. 
This is in accordance with our previous data refering to the 
accumulation of trivalent chromium in viscera of the mollusc Venus 
verrucosa ( 3). --
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Bioaccumulatlon of 106Ru by marine Phytoplankton 
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ABSTRACT 

readil~=c~~!~~:~:y~g6::n:!!~!~:g t::~~:!e~!:c::~r=:~o:i;~~o!!a!:s:!::!~; r~;u:~:ana 
104 ,. respectively .. The uptake process is passive and is most likely related to sur-

::~:o:~:~~~:~. we:!g~ i~:~;k~n~~ i! ~ v:e:::r:e:~ ~~! 1=a~i~Y~:~=~~!~u~!a!:!!~:t:f tr56Ru 
noted after the arrival of Chernobyl fallout. 

IIITROD~!I~:dioisotopes of ruthenium, particularly 103Ru and 106Ru, are considered 
among the more important radioactive contaminants because of their relatively high 
yield from fission and their aoderately long half-lives. Ruthenium-106 (T\ "' 373 
days) has entered the marine environment primarily as fallout from previous nuclear 

~::t:e:::t i:c:~:~:t e!!l~::~~o!;~m r:::~~:! ~~c!e:j::p~:;:~s!~gt&~;:t~~ m!~~~~e:~:;; 
(Fowler et al., 1987). 

Thebehaviour of ruthenium in sea water is complex (IAEA, 1975) and a large 
fraction of the radionuclide concentration is associated with particulate matter 
(Coughtrey and Thorne, 1983). The relatively high reactivity of 106Ru results in 
its being readily accumulated by a variety of aarine organisms including phytoplank
ton. Data from recent Chernobyl fallout studies (Fowler et al., 1987; Keape and 
Nies, 1987) have suggested that phytoplankton is probablythevector by which 106Ru 
enters the pelagic food chain and is subsequently transported vertically through the 
water column. Since information on the mechanisms controlling 106Ru uptake by photo
plankton species is limited,. a series of experiments were undertaken to examine 1 R.u 
biokinetics in two COIIIDOn species of phytoplankton. 

METHODS AND MATERIALS 
The chlorophyte Dunaliella tertiolecta (clone DUN) and the diatom Thalassiosira 

pseudonana (clone 3H) ~in all experiments. Different concentrations of 
cells in mid to late log phase were exposed to 106Ru (as RuCl2) in the light and dark 
under rigorously controlled conditions similar to those described previously for 
other radionuclides (Fisher et al., 1983). In addition, heat-killed cells of both 
species were exposed in parallel with live cultures to examine the effect of aetabo
lism on uptake. All culture condi tioas filtration techniques, counting procedures 
and computation of volume concentation factors were identical to those employed by 
Fisher ~ ~- (1983) for these species. 

RESULTS AND DISCUSSION 
The results of two sets of experiments each carried out in triplicate are pre

sented in Table 1. It is clear that uptake by these two species is primarily a pas
sive adsorptive process since there vas virtually no difference in the accUIIIUlation 
pattern between live cells in the dark and dead cells. Furthermore, during the first 
24 hours, uptake by live cells in the light vas also identical to the other two 
treatments; however, between days 1 and 3 concentration factors decreased as cell 
density increased. This is •ost likely an effect of reduced uptake by biological 
dilution. Uptake was also noticeably higher in the green alga Dunaliella (VCF "' 105) 

Table 1. Bioaccumulation of 
106

Ru (Voluae concent:ration factor x 10
4

)+ over time in 
uptake experiments with ~· t:ertiolecta (DUN) and ! . pseudonana (3H}. 

A = alive; De = dead; L = light:; D = dark 

Species Treatment 1 hr. 1 d. 2 d. 3d. 
(VCF X 104) 

3H AL 0.174 2.55 1.72 1.10 
3H AD 0.112 5.65 9.85 14.0 
3H De 0.23 4.17 15.3 37.6 

DUN AL 0.95 36.8 25.1 16.8 
DUN AD 0.72 46.7 81.8 122 
DUN De 1.34 47.1 92.7 118 

+VCF values are averages of two experiments with three replicates each. 

than in the diatom Thalassiosira (VCF " 10
4
). This differs from the transuranic 

elements plutonium and americium with which the revyljge is found (Fisher ~ ~-, 
1983). In any event, the relatively high VCFs for Ru in these two species, which 
approach those reported for transuranics, indicate that 106Ru entering the sea would 
rapidly become associated with phytoplankton which could then be passed on to zoo
plankton grazing the cells. Thus, contaminated phytodetritus and zooplankton excreta 
would become prime vectors for rapidly aoving ruthenium downward in the water column 
as was seen to occur immediately following the Chernobyl accident in both the Medi
terranean (Fowler ~ ~-, 1987} and the North Sea (Kempe and Hies, 1987). 
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Apart from their function in osmoregulation and respiration the gills 
of marine organisms play an absorptive role in distributing a wide 
range of pollutants into the various tissues and organa. The role of 

~~= ~;;;;a p~~n:~i~~~t~;e B~:i09~f~~)~r~u~~h~i~;~~~~!i~~/~o~r~:ia~:!n 
solved in detail. Therefore, for a better understanding the transport of 
radioactive pollutant in epithelial gill cella we studied the transfer 
of Cs-137 across perfused isolated Carcinua gill preparations. Green 
crabs Carcinua medi terraneua Czrn., were obtained from the central Adriatic 
near the ;eland of Dug! Otok. Crabs were acclimated in diluted sea witter 
( 15 x 10- salinity), fed and kept at a constant room temperature ( 16 C). 
In the ex-periments described 3 posterior gill pairs were collected for the 
perfusion technique. Experimental details were described by Lucu and 
Siebera,l986; 1987. Radioactive caesium (3.7 kBq Ca-137/ml diluted sea 
water) was used for experimental purposes. Afferent and efferent blood 
vessels we conected by polyethylene capillary tubes and preparation was 
fixed by neoprene block immersed in thf_ bathing solution (20 - 40 ml). 
Identical diluted sea water (260 mM Na ) to the bathing solution was 

~~~~~~i!1 t~~~~\;~:e~~1i~e bha!m~!~~~a;;I~n~:pgii~e si~:n=~~~~i~!thing 
medium was measure! by an Ivell 1111 multimeter device. Ca-137 transport 
factor (% x 0.1 g- fresh weight of gills) was calculated according to: 

Transport factor"' 
137 

Cs transported across epithelia ( l) 
l37ca in bathing solution x W 

where W is the fresh gill weight in grams. 
Effects of diuretic amiloride (Merch Sharp Dohme, Munich) on caesium 
fluxes from the apical (bathing side) to the baaolateral haemolymph 
aide (influxes) and in the oppoai te direction (effluxes) were studied 
(Table 1.). Cs-137 and stable Ca effluxes are greate;r than influxes; 
showing that the basolaterally oriented gill aide is more permeable to 
Ca-137 than the apically oriented one. Therefore, the Ca-137 transport 
factors are larger from the haemol.ymph aide to the bathing aide (effluxes) 
than the fluxes in the opposite direction (Table 1.). In addition, 
influxes and effluxes of Cs-137 (and stable caesium) was inhibited by 
amiloride (0.1 mM), added to the bathing solution. 

~~i~a t:ei~~l~iilo~i~~~o~~;n~~~~~~n s~~e a:~l~~~~~t=~o~;dL~c~i~i~i:{~~~: 
1986. Since Ca have similar phyaic~-chemical ~eh~viour to K (Bryan,l961) 
we suggest that Ca competes with K for the K /H exchanger located on 
the apical membrane side. Since amiloride failed to affect this mechanism 
at the lower concentrations the presence of an ion channel interaction 
was precluded. Transport factor TBP Caesium fluxe 

(%of l37ca x 0.1 g-lh-1 ) (mV) (;umol x g-l h-1} 

Control 1.65"!:0.20 6.49:!:1.04 -3.1 0.99;!<).09 2.28-0.70 

Amiloride 0.93"!:0.11 4. 70:!:0.46 -7.5 0.56"!:0.01 1.51"!:0.01 

Table 1. Caesium fluxes through the isolated perfused Cfrsiiua 
gill epithelia. Mean values of 6 observations •• 
TBP= tranebranchial potential (in mV). -
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ABSTRACT 
Mean annual cephalopod catch ~n GreeK waters amounted to 2154 t 1n 
1964-1985 of wh~ch 64.7/. are f~shed w~th trawlers, 34.3;~ wHh boats 
involved 1n the coastal f1shery and 11. w1th purse-se1ners. F~sh1ng 

effort 1n recent years 1s Significantly higher than opt1mum 
effort, Fopt, for both coastal and trawl f1sher1es. Th1s clearly 
ind~cates that cephalopod resources are ove;rf~shed and author1ties 
must taKe ~mmed1ate measures. Possible measures for the protection of 
cephalopods are· d1scussed. 

IHTRODUCTIOH 
The total cephalopod catch in the Mediterranean Sea amounted to 

50,971 t in 1983 (1) representing 2.7;~ of the total Mediterranean 
catch. Here the cephalopod fishery resources 1n GreeK waters are 
reviewed for 1964-1985. In add1 tion, the state of the cephalopod 
resources 1s assessed us1ng FOX's surplus-yield model (2). 

MATERIAL AHD METHODS 
GreeK catches of cephalopods as well as fishing effort 1n HP of 

the fishing fleet have been recorded on a monthlY bas1s s1nce 1964 
(3). The catches of boats involved in the coastal fishery with 
horsepower less than 19HP are not recorded since 1969 (the1r total 
landings are estimated to be about 28,000 t). Catches and f1sh1ng 
effort are used in the exponential surplus-yield model assuming 
exponential growth (2). The :following relationship iS used: U=u ... e-bF 
where U=catch per unit e:ffort (here in Kgr/HP), u .. = catch/effort 
proport1ona1 to maximum population .size, F=fish1ng effort (here in HP) 
and b=:functional regression coefficient. 

RESULTS 
The mean annual catch of cephalopods in 1964-1981 amounted to 

5237.1 t of wh1ch 1997 t (36.17.) were fished in GreeK waters, whilst 
the rest was fished in the Atlantic and North coast of Africa (4). 
Mean annual cephalopod catch in GreeK waters amounted to 2154 t in 
1964-1985 (Table 1) of which 1393.8 t (64.7r.) are fished with 
trawlers, 738.8 t (34.31.) with boats involved in the coastal fishery 
and 21.2 t (1/.) with purse-seiners (Table 1). Total cephalopod catch 
in 1983 represented 5.21. of the total Mediterranean catch in that year 
(50,971 t). Mean trawl cephalopod catch in 1964-1981 was alloted as 
follows: 11.9/. to lollginid squids, 52.91. to octopods, 20.81. to 
cuttlefishes and 14.47. to ommastrephid squids (5). Mean coastal catch 
in 1964-1981 was mainly composed of cuttlefish, 50.81., whilst squids, 
octopods and flying squids represented 25.91., 227. and 1.47. 
respectively (6). The catches of cephalopods attributed to 
purse-seiners are very low (Table 1) and are mainly composed of squids 
(more than 607.) (STERGIOU unpubl. data). 

Cephalopod resources are very well described by the 'exponential 
surplus-yield model (Table 1). Fishing effort in recent years is 
significantly higher than optimum fishing effort, Fopt, for both 
coastal and trawl fisheries. This clearly indicates that cephalopod 
resources are overfished and authorities must taKe immediate measures. 
The- mult1species nature of the :fishery in the Mediterranean poses 
certain difficulties in drawing uniform measures for the protection of 
the resources. Measures that are favorable for some species may not 
be so for other. Experimental closing and opening of different areas 
and/or seasons and uce~ restriction may be used beneficially :for 
the protection and management of the overexploited trawl and coastal 
fishery resources in GreeK waters. A codend mesh size of 40mm, 

TABLE 1. catches of cephalopods (T=trawl, 
P= purse -seine, C=coastal) and ef:fort in 
HP (2= trawlers including effort of mixed 
boats, 1 = coastal fishery) 

YEAR 

1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

MEAN 
7. 

481l70 
51362 
56034 
61650 
79675 
86552 
60226 
68779 
70029 
90663 

101513 
117814 
127819 
153750 
180337 
201596 
226517 
251463 
279890 
308288 
330005 
346516 

T 

954. 5 
1171.2 
1022. 1 

987. 3 
1064 
1229. 3 
1349.5 
1427.4 
1259. 5 
1305. 7 
1483.9 
1693. 3 
1671. 9 
1360.8 
1610. 1 
1598. 3 
1534.6 
1541.8 
174/l. 9 
1666.9 
11l79. ll 
1507. 3 

p 

14. 5 
4. 7 

14.1 
11. 7 
12. 2 

6. 2 
9. 9 

12. 6 
13.4 
16.8 
58. 3 
11.9 
15. 2 

61 
20.4 
14. 3 
23. 3 
ll3. ll 
2/l. 9 
32. 2 
27. 2 
17. 8 

c 

928. 8 
1000. 6 
962.6 
999 
976. 1 
844.8 
328 
296. 1 
337. 7 
345 
379. 2 
530. 3 
569.7 
731. 5 
921. 5 
791 
865. 6 
756. 3 
6!57. 9 
938. 8 
902 

1191. 3 

1393.8 21.2 738.8 
64. 7 1. 0 34. 3 

50047 
50643 
51313 
53814 
56227 
58730 
63497 
65786 
64115 
86263 
9442/l 

107337 
111759 
107352 
114648 
118088 
123360 
128659 
132168 
135703 
139156 
135819 

stretched, 1n trawlers as 
opposed to 28mm usea 1n 
Greece, is also essential 
for the protection of 
demersal resources (7). 

It has been shown that 
cephalopod catches in 
1928-1939, a period of 
minimal exploitation, 
were significantly, 
positively correlated 
with the air temperatures 
during the migration, 
prespawning and spawning 
period (8). This implies 
that abiotic factors, 
Which have been repeat
edly shown to greatly 
affect the abundance of 
marine organisms (9, 10), 
may hold a Key 1n the 
abundance of cephalopods. 
However, anthropogenic 
pressure in recent years 
seems to great 1 y affect 
the abundance of marine 
populations and may masK, 
or be superimposed on, 
natural changes. Hence, 
rational management calls 
for the study of both 
natural and anthropogenic 
feed-bacK on mar1ne 
ecosystems. 

TABLE 2. Results of the exponential surplus-yield model (Fopt in HP, 
Uopt and u.. in Kgr;HP and Ymax in t) 

FISHERY 

COASTAl 
TRAWL 
TOTAL 

0. 51 
0. 89 
0. 90 

Uopt Fopt Ymax 

-0. 0000048124 4. 2 207798 882 
-0. 0000067937 10.9 147194 1606 
-0. 0000031737 8. 0 315087 2530 
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V-12 
La peche artisanale aux Cephalopodes 

Pilar SANCHEZ 

Institute de Ciencias del Mar, Paseo Nacional s/n, 08003 Barcelona (Espal'ia) 

Le presente etude s'inscrit dans le programme "La pesca en Catalufia" subventionne par 
la Direction Generale XIV de la Communaute i;conomique Europeene. 

CHALUT- En Catalogue on n 'utilise que des engins de chalutage de fond. Le probleme 
principal de la peche au chalut est de tenir ouverte la bouche du filet pendant la 
navigation de 1a barque. C'est pourquoi on a introduit differentes modifications pour 
cet engin. Les pieces constituant l'engin sont formees par differentes mailles, de 
sorte qu'elles sont plus serrees au fur et a mesure qu'on arrive au sommet. Pour ouvrir 
l 'eng in horizontalement on utilise, de fa~on exclusive, les panneaux. Au cours du 
temps on a modifie leur forme. De cette fa~on nous trouvons des panneaux 
rectangulaires, ova1es et mixtes. A l 'aide de ce type d 'eng in on peut pecher toutes les 
especes de cephalopodes qui existent dans ces endroits. Cependant la capture de 
quelques especes, comme ~ ~. est sporadique. Actuellement 11 existe, 
reglementee de fa,.an provisoire, la peche du petit poulpe <E..l.el1lln.e. ct.u:.b.l:!s.il.l qui se 
pravtique dans les memes fonds que le reste de la peche au chalut, mais a l'aide d'une 
maille plus serree. On etablit un maximum de cinq mois par an consacres dans chaque 
port a cette pecherie, et les barques pechant le petit poulpe sont obligees de porter 
sur le pont un cercle rouge d'identification. 

NASSES- La nasse est un attirail de fond fixe constituee par une bourse d'entree 
facile et sortie difficile. On attire les proies moyennant un applit place a 1 'interieur 
des bourses. Leur forme est variable. Elles peuvent etre calees au bien indiviellement, 
au bien en groupes. Au cas d'etre calees en groupe, elles sont attachees a une corde 
principale, •mere", en les intercalant chaque 5-13 m. En principe la nasse est calee a 
une profondeur faible (5-7 ml. On laisse les nasses calees sur 1e fond pendant des 
mois, mais elles sont controlees chaque jour au touts les 3 a 4 jours. La saison de 
peche est tres variable, et elle depend de 1 'espece-cible; ainsi nous sa vans que la 
nasse destinee a la seiche <Sepia. ~l est calee de mars a aout. L'espece a 
capturer depend de 1 'appat, de la forme au de 1a place au l 'on cale 1es nasses. Dans 
quelques ports du nord de la Catalogne on les utilise a la peche du poulpe <~ 
lll.llglu::i5_l. Par centre, aux ports du sud, principalement au delta de l'Ebro, on les 
utilise habituellement pour pecher la seiche (Sepia. offjcinalis). En ce cas-lt• on place 
a l'interieur une branche de houx (~ ~); c'est alors que la seiche y 
entre pour deposer sa ponte. 

CADUPS- Les "cadups• constituent un engin specifique pour la peche du pou1pe <~ 
lll.llglu::15,>; on profite de la conduite singuliere des organismes qui cherchent ou 
fabriquent des "nids". On connait ce systeme depuis longtemps . En Calatogne cette 
methode de peche n'avait pas reussi grandement jusqu'aux temps les plus recants ou la 
hausse spectacu1aire des prix du poulpe a converti les "cadups" en un attirail utilise 
professionellement. Le "cadup" est un recipient cale au fond a faible profondeur sans 
aucun type d'app!t. Le poulpe entre dans ce vase et on le capture en ramassant 
l'attirail. On a utilise nombre de recipients. Celui qui est traditionnel est un vase en 
poterie et on 1 'utilise comme attirail a peche a pres a voir pratique un trou dans son 
fond. On cale ces eng1ns de fa«on presque pareille a celles des nasses. On laisse 
cales les "cadups• sur place pendant toute 1a saison en les revisant chaque jour par 
mauvais temps et chaque deux jours s'il fait beau. Pour 1'enlevement du pou1pe de 
l'interieur du •cadup" on verse une petite quantite de lessive, v1naigre ou sel a 
travers le trou. En general les barques vouees A cette pecherie sont petites et elles 
alternent cette t!che avec d'autres, selon la saison. 

PJl:CHE DE LA SEICHE "A LA FEXELLE"- La peche de seiches A la femelle <~ 
~> consiste a capturer des males de cette espece en utilisant une femelle 
comme leurre. D'une fa,.on on d'une autre on capture d'abord une seiche femelle . On 
cloue un hame<;on sur le manteau en cherchant a traverser l'os de fa(fon qu'elle ne 
soit pas dechiree et perdue. On traine cette femelle avec un fil de longueur 2 a 4 m 
leste· d'un plomb, la barque a vitesse faible, par jours de mer calme. De temps a autre 
on segague un peu de fil et si on voit que le m!le suit la femelle on le capture avec 
un haveneau. On peut utiliser la mllme femelle plusieurs fois.' C'est une pecherie 
particuliere du printemps. Nous ne pouvons pas la considerer comme une peche 
commerciale, bien qu'elle soit pra.otiquee par des professionnels des petits metiers 
comme une fa,.an supplementaire de capture. A cause de la simplicite de !'operation et 
du materiel necessaire, on peut considerer que l'on pratique le long de toute la cote 
catalane. 
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"POTERA"- La "potera" est un type d'hame<;on en forme d'un plomb fusiforme pare de 
couleurs brillantes jouant le role d'app!t, et pourvu d'une couronne d'hame<;ons sans 
languette <des aiguilles flechies>. L'espece-cible de la peche a "potera" est le calamar 
<LQ.ligc. lll.llglu::15,>. Generalement on peche a la "potera" de nuit, a l'aide d'une lampe <a 
gaz ou generateur>, la barque arretee et ancree. Le fond approprie est de 11 a 25 m. 
La lumiere attire les poissons et le calmar accourt pour manger. Le pecheur largue et 
segague du fil de sorte que la "potera• voyage a partir de mi-eau jusqu'au fond; on la 
remonte de nouveau et on recommence !'operation. Les canots faisant cette peche sont 
equipes d'une lampe par des pecheurs braconneurs ou demi-professionnels, parfois des 
professionnels la pratiquent comme une activite complementaire des autres modeles de 
peche comme le tremail et les methodes semblables. La saison ou se fait ce type de 
pllche commence en Juillet et finit en !iovembre. C'est en Septembre et Octobre que les 
calmars sent les plus grands. 

TR:El!!IL- Le tremail est un engin de filet fixe <de fond> forme de trois pieces dent 
deux sent pareilles a maille grande, et la troisieme, au milieu des deux autres, a 1a 
maille plus serree mais mince et ses mesures soot beaucoup plus grandes, presque 
doub1ees, afin de former des bourses, placees entre les autres deux mailles. Il s'agit 
d'un engin ou la proie reste dans les bourses de la maille centrale. C'est une des 
methodes de petit metier plus traditionnel, important a Catalogne. Un tremail complet 
est forme d'un nombre variable de pieces, generalement entre 20 et 50 chacune, de 50 a 
100 de longueur <on considere 1es pieces doubles etant celles qui sent utilisees a 
1 'actualite; c'est pourquoi un tremail arme mesure entre 25 et 50 ml. La longueur du 
tremail depend, finalement, de l'espece-cible, de la reglementation de chaque port, et 
de l'habitude de chaque pecheur. La hauteur des pieces se trouve entre 1 et 1.5 m. 
L'espece-cible determine le type de tremail et la dimension de la mail1e centrale. On 
emp1oie des mailles de 6 p/p pour la seiche. 

Octopus vulgaris 
Eledone cirrbosa 

CHALUT HASSE CADUP POTERA "FEXELLE" TR:EIIAIL 

E. cirrbosa (jovenes) xxx 
Loligo vulgaris xx 
Sepia officinalis 
Sepia orbignyana 
Alloteutbis spp 
Ommastrephidae 

x Capture occasionnellement. xx= Capture copieusement, mais il ne s'agit pas d'un 
engin specifique de cette espece. xxx= C' est un eng in <au une variante de 1' eng in) 
specifique pour cette espece. 
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V-13 

Predictive use of length-weight regression 
In Eledone clrrhosa 

R. BAINO, P. MANNINI and C. VOLPI 

lstituto Scientifico Tecnico di ldrobiologia e Pesca, Uvorno (ltalia) 

ABSTRACT : Statistical error both in weight and length measurement of 
octopods, normally distributed data frequency and low correlation 
coefficients suggest the use of predictive (ordinary or inverted) 
regression to be often preferable to the functional one. 

Body length measurements have been a classical problem in many 
species of octopods. Because of the physical mouldy structure, dorsal 
mantle length recordings still cause various and dissimilar results, 
especial! y with respect to estimation of length-weight correl-ations. 

Pereira ~< Bravo de Laguna <1980) report good examples of such a 
problem by analysing different length-weight relationships described 
in literature. Correlation coefficients are usually lower than in 
most vertebrate species: this is mainly due to high variability, 
both in weight estimate and in length measurements <Caddy, 1983). The 
present paper deals with estimation and use of length-weight functions 
for the species Eledone cirrhosa. 

A three years trawl survey <5 campaigns> has been carried out in 
northern Tyrrhenian Sea by means of 148 tows. Global catches of 
E. cirrhosa <1500 individuals) have been subsampled , frozen at -20 
•c and weeks later used for morphometric analyses. Dorsal mantle 
length and total body weight measurements were collected upon 823 
specimens (340 males and 483 females) and log-transformed with the 
common technique (Ricker 1975>. 

Three kinds of L-W regression have been considered: 
- The ordinary predictive regression. - The inverse predictive 
regression. - The functional regression. 

April 1985 
August 1985 
May 1986 
September 1986 
April 1987 
grouped springs 
grouped summers 
all grouped 

MALES 

0.87 66 
0.95 55 
0.98 59 
0.95 46 
0.96 114 
0.94 239 
0.95 101 
0. 94 340 

FEMALES 

0.93 128 
0.95 81 
0.97 86 
0.95 42 
0. 91 146 
0.94 360 
0.96 123 
0.97 483 

Tab. 1 Correlation coefficient (rl and 
specimen number (nl of the 16 
sets data of E. cirrhosa. 

The 
coefficients 
computed for 

correlation 
have been 

each survey 
and sex separately (see 
table 1). Grouping 
together these sets of 
data gives no advantage 
resulting in similar r 
values. The regression 
results of the 16 groups 
of data have been 
compared and analysed. 
Main common features can 
be summarized into four 
points. 

1) The result precision (i.e. correlation coefficient) is quite 
unlinked to the number of specimens used, but it is 1 i kel y determined 
by the sex and the gonadic development stage. 
2) The correlation coefficient is almost never close to 1, then 
the application of the GM regression for predictive use is not 
correct <Jensen, 19861. This can be done only if the basic 
assumptions of the parametric regression, such as random sampling 
and variance homoscedasticity, are not met <Ricker 1973). 
3> The lower r , the higher results the difference between the 
ordinary and the inverse predictive regression lines (e.g. fig.1). In 
our samples, the weight estimated from a length datum with the two 
ways gives up to 10-20 'l. differences in the extreme sizes (see tab.2J. 

4.5 

3.5 

1.1 u 1.1 2 2.2 2.4 2.£ 2.8 

In< L > 
Fig.1 Predictive and functional regres
sions: sample of 146 females (April 87). 

4) E. cirrhosa is a 
short-1 i ved species 
(about 18 months>, and by 

of fishing 
sampling, it normally 
shows a single age class. 
Consequent! y all 
frequency distributions 
satisfy the Normal 
distribution at 99% level 
if tested with the 
Kol mogorov-Smi rnov 
procedure. 

In E. cirrhosa, and 
likely in other octopods, 
variability is due to 
both length and weight 
measurement, and 

regression assumptions 
are usually met. 

So, r being never close to 
different, any predictive use, 
length or length from weight, 
respective minimization. 

and 
namely to 

regression lines 
estimate weight from 

must be done with the 
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V-14 
Length-weight relationship in males and females 

of Sepia orblgnyana and Sepia elegans 
(Cephalopoda : Seplidae) 

Giambattista BELLO 

Laboratorio di Biologia Marina, Molo Pizzoli, 70123 Sari (ltalia) 

Cephalopods are dioecious and, exce-pt a few species, the two sexes do not show 

marked differenceS:· Sexual dimorphism is mostly limited to hectocotylization in males 

and to different body proportions, which can be displayed as different length-weight 

relationships. 
The genus Sepia is characterized by the presence of the rigid cuttlebone which 

allows precise measurement of mantle length. The genus is represented by three 
species in the Mediterranean: Sepia officinaLis L., 1758, Sepia orbignyana Ferussac, 

1826, and Sepia e~egans Blainville, 1827, all of which exhibit some degree of sexual 
dimorphism, mostly evident in the posterior part of the cuttleboney which is broader 

in females to hold the large egg mass. Sexual dimorphism is less distinct in the 
latter two species (NAEF, 1923), in both of which females attain a larger size than 
males (MANGOLD-WIRZ, 1963). According to ADAM (1952) as well, in both S. orbignyana 
and S. e~egans females a;,.e slightly larger than males, also the cuttlebone is larger; 
males have longer arms than females. ADAM & REES (1966), who quote the data of ADAM 
(op. cit.), state that in S. e~egans "there is no noteworthy difference in the re1a

ti ve measurements of the two sexes''. 
To detect possible sexual differences in body proportions in S. orbignyana and S. 

e ~egans, the mantle length-weight relationships of the two sexes of each species were 
compared. 

Specimens of the two species were collected in the South Adriatic Sea by a trawler 
from Mola di Bari (Italy) at a depth of 130 m, in May 1986. Mantle length (ML) was 

measured to the nearest 0.1 em, and weight (W) to the nearest 0.1 gr. The parameters 

oj' the ML/W regression curves of each sex for the two species were calculated using 

the power curve equati?n: W = a MLb. For statistical analysis these curves were then 

transformed into straight line equations using natural logarithms; 

ln W = ln a + b ln ML. The pairs of straight lines of each species were compared by 

the Student's t-test, with the method of the "axe majeur reduit" (MAYRAT, 1959), 
being ln ML the independent variable (table 1) . 

slope position Range of 

ML (em) P(%) d[ t d(%) d(%) 

r! 38 3.6-7.1 0.208 2.558 0.982 <0.1 
S. OJ'bignyana 

S. e~egans 

.j! 51 2.3-9.0 0.224 2.560 0.992 <0.1 

d' 51 3.2-6.3 0.208 2.500 0.956 <0.1 

.j! 52 3.2-6.2 0.196 2.606 0.980 <0.1 

85 0.266 20.4 4.453 >99.9 

99 0.317 24.8 5.358 >99.9 

n = number of specimens; a, b = parameters of power curve {W = a MLb); r = correlation 

coefficient; P = significance level of r; df = degree of freedom; t = Student's t; 
c L = confidence level of difference. 

J. 
ML/W regression lines 

A; Sepia orbignyana 

male(--) 

ln W = -1. 568 + 2. 558 ln ML 

female (- - -) 

ln W = -1.497 + 2. 560 ln ML 

B; Sepia e Legans 

male(--) 

ln W = -1.569 + 2. 500 ln ML 

female (- - -) 

ln W = -1.628 + 2.606 ln ML 

1.1 1.4 t.l 1.1 1.0 1.0 1.1 1.4 1.1 1.1 1.0 In MI. 

In both species the differences between the male and the female ML/W regression 

curves are very highly significant (c~ > 99.9%), limited to their position; on the 
contrary, as regards their slope, the pairs of curves do not differ significantly 

(cL <-90%)(table 1). Therefore it can be assumed that in both sexes the individual 

growth in weight basically follows the same physiological rules; whereas the signifi
cant differences in position show that :females of both species are statistically 

heavier than males. Bearing in mind that males have longer arms than females (ADAM, 

1952) , and that there is no noticeable difference in mantle thickness, it follows 

that the body is proportionally broader in females than in males. The comparatively 

small size of the samples should not affect negatively the present test. Actually an 
increase in size of samples should increase the t value and, thus, further increase 
the level of confidence (MAYRAT, 1959). 

Finally all four regression curves have the value of the exponent b less than 3, 

which shows that in both sexes of both species growth in weight is negatively allo

metric, i.e. Cuttlefishes become more slender as size increases, as already pointed 
out by NAEF (1923) and, limited to S. e~egans, by ADAM (1952). 

REFERENCES: ADAM w., 1952. Cephalopodes. Res. uZt. sci. Exp. oceanogr. be~ge Eaux 
cot. afr. Atl. Sud 1948-49, 3(3); 1-142. - ADAM W. & W.J. REES, 1966. A Review of 

the Cephalopod Family Sepiidae. John MuJ'ray Exp. 1933-34 Sci. Rep., 11(1); iv+165 pp. 

- MANGOLD-WIRZ K., 1963. Biologie des Cephalopodes benthiques et nectoniques de la 

Mer Catalane. Vie MiLieu, suppl. 13: 285 pp. - MAYRAT A., 1959. Nouvelle methode 

pour 1 I etude comparee d I une croissance relative dans deux echantillon. Application a 
la carapace de Penaeus keJ'athurus (FORSKAL). Bull. IFAN, 21, ser. A(1); 21-59. 

NAEFA., 1923. DieCephalopoden. FaunaF~oraGo~f. NeapeL, 3(1, I): 863pp. 
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Further considerations on growth of Cephalopods 
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• lstituto di Anatomia Comparata, Universita di Genova, Via Balbi 5, 16126 Genova (ltalia) 
•• Dipartimento di Scienze deii'Ambiente e del Territorio, Universita di Pisa, 

Via A. Volta 6, 56100 Pisa (ltalia) 

In the recent volumes "Cephalopod life cycles" (part 1 ana !!) ed1ted 

by BOYLE, contributors rev1ewed what is known about cephalopod growth 

from both laboratory and field studies. The authors again stressed 

that cephalopods are short-lived and fast-growing animals. As 1n the 

previous work by MANGOLD 11983) they reported a number of quite 

different growth curves for various species. Most of the reviewed 

articles are based on laboratory research: the authors in fact agreed 

on the unreliability of the field studies because of the bias 1n the 

samples and the lac~ of population structure analysis techniques 

(BOYLE, 1983; WORMS, 1983; FORSYTHE and VAN HEUKELEM, 1987; see also 

BOYLE and KNOBLOCH, 1982). These reviews incite to a critical 

discussion on this aspect of the cephalopod biology not yet 

completely defined and described. Problems arise from the proposed 

lite spans. In some cases ideal curves and observations based on a 

poor sample or a single specimen reared under aquarium conditions 

have been used to support that the life of the considered species 

spans one year or less. For instance, the observed laboratory growth 

at Eledone cirrhosa (FORSYTHE and VAN HEUKELEM, 19B7) is 

considered only on the basis of the exponential "ideal curve of 

maximum growth" computed by BOYLE and KNOBLOCH (1982) on the basis of 

a 315 days life, ignoring the typical sigmoid shape of the gr6wth 

observed by the same authors on individual animals under artificial 

conditions. On the other hand, BOYLE himself (1983) proposed a 

composite model of the life cycle of E. cirrhosa based on a 

life span of two years. The general opinion that the field data 

not sufficient to investigate growth in cephalopods is supported by 

the subjective weight given by the authors to some negative factors. 

Besides an equal number of negative factors affects the laboratory 

results, mainly the reduced number of specimens involved in the 

experiment and the general aquarium conditions (shape, colour, size, 

chemistry of the tanks; feeding, activity etc.). Nevertheless these 

factors seem to be accepted, while the statistical and mathematical 

techniques which can improve the field results seem to be neglected. 

Sampling optimization and frequency distribution decomposition 

methods have been described and succes~ully used (SCHWEIGERT and 

SIBERT, 1983; AKAMINE, 1985; MATRICARDI et al., 1987) also tor 

species with a long recruitment and with a consequent overlap of age 

classes. Although many authors in Boyle's reviews devote a large part 

of their work to discuss quite different mathematical models in the 

cephalopod growth, the problem is not yet defined. Asymptotic 

equation is recognized to be inadequate (SAVILLE, 1987), but the 

significance of the parameters of this model is often misunderstood 

(PRUITT et al., 1979) and the equation sometimes is inappropriately 

forced on an incomplete data set (WORMS, 1983). This model was found 

inadequate to describe the growth during early stages and the cyclic 

trends in the cephalopod life. About this latter aspect PAULY (1985) 

introduced a modification in the model to improve its fitting which 

must yet be applied and thus confirmed or rejected. Some aspects of 

the other mathematical models proposed for various cephalopod species 

need further discussion: i.e. the confidence limits of the linear and 

exponential growth obtained by a regression on few data (TURK et al., 

1986) or the attempt to empl~y two equations (exponential and 

logarithmic) to describe a growth cur;ve which is clearly sigmoid. The 

arguments are inciting enough to continue along this line. 
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V-I6 
Feeding of Sepietta oweniana {d'Orbigny 1839} 

along the slope of the Ligurian Sea : a preliminary note 

Lidia ORSI RELINI and Daniela MASSI 

lstituto di Zoologia, Laboratori di Biologia Marina ed Ecologia Animale, 
Universita di Genova, Genova (ltalia) 

In a random stratified sampling effected in spring and summer in the range 0-700 
m (Research programme on trawl fisheries "Evaluation of demersal resources", Ministe
ro della Marina Mercantile, Italy., 1985-87) S. oweniana was sporadically captured on 

the shelf, while the most important concentrations were observed in summer between 
400 and 500 m depth. This Sepiolid apparently alternates reproductive migrations in 
circalittoral waters where the eggs are laid (Mangold Wirz 1963) with trophic migra
tions along the slope. These brief notes describe the diet in this latter environ
ment. 

As the sampling design was based on day-time hauls, each lasting one hour, it was 

possible to analyse the stomach content of specimens caught at different times. Ad

ditional sampling was carried out in autumn and winter, so that all seasons would be 

represented. A very large number of animals had to be examined before a total of one 

hundred stomachs with f?od remains (table 1) could be assembled; similar ratios pro

bably due to quick digestion were observed in many species of Cephalopods (Nixon 

1987). Feeding however did occur at different times (tab. l). An average of about 

1.5 food items per animal was obtained, which shows a definite preference for a few 
specific prey types (Mangold 1983). As the categories "vegetable remains" and "Ce

phalopods" - as explained later - seem to be "false" food, the percentage composi

tion of total stomach content was: Crustacea 65.4%, Osteichthyes 28. 3%, other orga
nisms 6.3%. 

--Crustacea Decapoda and mainly the pelagic eurybathic Pasiphaea sivado are the 

most important prey, both in terms of size and energy value. The importance of P. 
sivado may be even greater considering that a fraction of unidentified Decapods pro
bably belongs to it. Crustacea Peracarida were also frequently recorded, with a mar

ked preference for the benthic isopod Cirol.ana borealis; however, in terms of size, 
they have a lesser role. Osteichthyes formed the most frequent food item, but their 
occurrence was in most cases limited to skin and scales or fragments of fins. Len
ses, vertebrae or other very small bones were found only in a few cases. Are these 
simply discarded after the soft tissue has been eaten, as has been seen in squids 

(Nixon 1987)? In view of the feeding habits observed in captivity (Bergstrom l983a, 

b) this seems not to be the case. Remains of' Cephalopods belong invariably to Sepio

lidae. There have been cases of an entire club and an arm tip of S. oweniana, fre

shly ingested (in the net or perhaps on the deck when the animal was dying), a frag

mented, partially digested segment of an arm and isolated suckers (6 records of 1 

or 2). Probably S. oweniana fights for food or is somewhat clumsy in pulling the 

prey to its mouth. Vegetables are mainly fragments of wood or leaves of terrestrial 

plants (only one instance of weed). 

Considering table 1 in more detail, blocks A and B compare morning and afternoon 
records in a deep· environment: among similar numbers of prey, a tendency to rest on 
the bottom in the afternoon (cf. Boletzky et al. 1971} is indicated by the reduction 

of the ratio pelagic to benthic crustaceans. Blocks C,D,E,F compare different sea

sons: the scarcity of Decapods in winter and spring, only in small part balanced by 

Table 1. Feeding of S. oweniana on bathyal bottoms. 

A -450 m summer 7-8.30 30 13 

B -450 m summer 15.30-17 30 10 10 

C -250 m summer 11.30-13 10 

D -250 m autumn 11.30-13 10 

E -250 m winter 11.30-13 10 

F -250m spring 11.30-13 10 

Numbers of S. oweniana 100 31 14 21 14 36 10 

"' "" "" 0 0 
Ao 0 
0 

"' ~ : ~ 
u E-t •.-1 

43 

41 

14 

19 

19 

10 

146 

Meganyetiph.mies norvegiea, ·seems to force S. oweniana to ·eat benthic prey such as 

Leptometra sp. or directly vegetable remains settled on the bottom; the latter howe-

ver appea!" undigested. 

_An important feature of this preliminaljy diet analysis is, in our opinion, the 
central role of Pasiphaea sivado in the feeding of bathyal benthic organisms. Analo

gous records were obtained in the analysis of stomach contents of Selachians, Anacan

thini, red shrimps and in Geryon Zongipes of the Ligurian Sea. On the other hand, the 

natural foraging of S. oweniana was studied in animals trawled in Gullmar Fjord, mo

stly at 90-100 m (Bergstrom 1983). In this case Euphasiids were 56.7% of the prey. 

Mediterranean· S. oweniana, although it utilizes to some extent M. n.orvegica, seems 

to be a specialized hunter of Pasiphaea sivado; also the sununer concentrations of S. 
oweniana on the edge of mesobathyal levels could be explained in relation to the ver
tic.al movements of this prey (Franqueville 1971). 
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V-17 

Preliminary observations on laboratory-reared 
Sepia orblgnyana (Mollusca, Cephalopoda} 

S. v. BOLETZKY 

Laboratoire Arago, C.N.R.S. and University of Paris VI, 66650 Banyuls-sur-Mer (France) 

~P~ .2!:El,gny~, a rather small species of cuttlefish, is found 
at depths ranging from 50 to 370 m in the area of Banyuls-sur
Mer (Mangold-Wirz, 1963). Over the past few years, the eggs of 
this species, which spawns all the year round, were collected 
regularly from various sponges sampled at a depth of about 100 m 
on the west side of the "rech Lacaze-Duthiers" (420 30'-35' N, 
3o22'-23'E). 

Rearing experiments made under natural daylight conditions, 
using standard techniques (Boletzky &. Hanlon, 1983), were suc
cessful only up to 2 months after hatching. Why the animals 
ceased feeding and died after this time is not clear. From a 
series of experiments set up at constant artificial dim light, 
in an underground laboratory with running sea water, only two 
individuals kept in a 50 1 tank from hatching (15 Oct. 1986) 
survived to reach the adult stage. In contrast to other experi
mental batches that were kept either on pure mud substrate, 
smooth hard substrate or on plastic netting, these two animals 
lived on a "mixed" substrate composed of clean, decaying crab 
exoskeletons, sand and mud. 

The newly hatched animals, which measured about 6 mm in dorsal 
mantle length ( ML), settled on the substrate and generally ap
peared only to move over short distances, either by active 
swimming or by slowly "walking" (using their ventral arms) along 
the bottom. They fed on small prawns and mysids of a size simi
lar to their own. No direct observations on feeding were possible 
for the early months of rearing, but after about 5 months the 
animals were repeatedly seen to ingest palaemonid shrimps. 

Apparently ~· .Q£Eigny~ does not bury itself in soft substrate. 
The covering behaviour, which is so characteristic of ~. 2.f.!l..si
.U!!.lli and other species (cf. Boletzky, 1983), was never observed 
at any growth stage, either under strong or under feeble light. 
On the other hand, colour patterns, skin papillation and arm 
displays were very similar to what is known of ~. officinalis. 
In very young .?_, orbigny~, the lateral _waving of raised dorsal 
arms is much quicker and more pronounced than in §.. officinalis. 
The attachment to a hard substrate by means of ventral skin 
("sucker") adhesion is also very pronounced in young ~. orbig!!.Y

S!!.S!.• 

A very slight difference became apparent after a few weeks in the 
growth of these two individuals (Fig. 1), but it remained rather 
insignificant up to an age of about 4 months. Over the following 
two months it became very distinct, after which similar growth 
rates resulted in virtually parallel growth trajectories. After 
9 months the smaller individual had some skin damage on the fins 
and was found swimming at the water surface. After a few days it 
was found dead (16 July 1987). It should be noted that tempera
ture of the circulating sea water was rising, finally to a level 
about 10°C above water temperatures in winter (In its natural 
environment ~. orbig!lYL!.S lives at 12-130[ all the year round). 
Dissection of the animal, which measured 36.5 mm ML, showed that 
it was an immature female with nidamental glands only 2 mm in 
length. The cuttlebone had 63 lamellae (last loculus 13.5 mm in 
length); the lamellar index was 0. 52. The larger individual soon 
after this showed some tissue degeneration at the mantle tip 
(around the spine); it was sacrificed on 25 July and turned out 
to be a mature male with spermatophores ( 3 mm in length) stored 
in the Needham sac. The cuttlebone had 68 lamellae (last loculus 
13.5 mm in length); the lamellar index was 0.54. This is low com
pared to the lamellar index of wild-caught ~· orbig!!.Y~ which 
generally ranges from about 0. 65 to 0. 75; it suggests a reduced 
growth rate under aquarium conditions ( cf. Boletzky, 1983). 
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Fig. l. - The growth of two individuals of ~ • .Q£Eigny~ reared 
under artificial light condi tiona and at varying temperatures. 
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V-Is 
On an anomaly of the tentacular club 

in Loligo vulgaris Lamarck, 1798 

P. JEREB and S. RAGONESE 

I.T.P.P., CNR, Mazara del Vallo (ltalia) 

The most reliable macroscopic character to distinguish L. vulgaris 
from L. forbesi is the relative size of the suckers on the tentacle 
club (for literature see MANGOLD & BOLETZKY, 1987)_ A peculiar speci
men of L. vulgaris· was. trawled at about 15 miles SE of Marsala (Western 
Sicily), at a depth of about 214m_, in November 1986 (Fig.l).The most 
noticeable feature of this specimen is the dimorphism in the two tenta
cular clubs (Fig_ 2): the left tentacular club corresponded to L_ vulgaris 
the right to L. forbesi .according to the average ratio between the re
lative suckers diameters (JEREB & RAGONESE, in press) and the dentition 
of the suckers rings. The specimen. can nevertheless be identified as a 
female of Loligo vulgaris.(*), following other characters such as the 
chromatophoric pattern, the fins - mantle length ratio and the morpho
logy of the beak. This female has a well developed ovary but no eggs 
in the oviducts_ Biometric parameters, taken on the thawed specimen, are 
given in the TABLE. Both tentacles were intact and perfectly formed, 
with no sign of regeneration although such cases have been observed on 
Loligo specimens from the English Channel (FERAL, 1978) _ As far as the 
authors know, this is the first report of such an anomaly recorded in 
the Mediterranean Sea; an analogous case has been reported for Allo
teuthis subulata from the belgian coast (ADAM, 1932) _ If the true spe
cific identity can be ascertained in this and similar cases of unila
teral "malformation" or "aberrancy", the question remains as to whe
ther bilateral/ symmetrical modification of the sa.me (essentially fun
ctional) type would be recognized by a taxonomist. The ultimate que
.stion· thus is whether a subspecies or even a species described on the 
basis of a single specimen differing from a known species by only one 
character can be considered valid_ 

TAB_- All the parameters 
following ROPER & VOSS, 1983 

T_W. (gr.) 187,8 
T.L. (mm.) 446 
M.L. 189 
M_W. 49 
F_L. 126 
F.W. 114 
H.W. 33 
H-L .. 37 
E_D. 22 

Tentacles: Left Right 

Tt.L. (nun) 228 200 
Cl.L_" 67 62 
Dc.L. " 21 18 
Mn_L. " } Cr.L. " 

46 44 

Cl. L. Club length 
Dc.L. ~ Dactylus length 
Mn.L. Manus length 

,., Cr. L. ~ Carpus length 

FIG. 2 - a) right tentacle 
h l left tentacle 
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V-19 
A new record of long-continued spawning 

in Sepia officinalis (Mollusca, Cephalopoda) 

S. v. BOLETZKY 

Laboratoire Arago, C.N.R.S. and University of Paris VI, 66650 Banyuls-sur-Mer (France) 

Females of the common cuttlefish Sepia officinalis are known to 
spawn over a period of several we;ks before becoming exhausted 
(see Boletzky, 1983). Precise data on the total length of indi
vidual spawning, and the total number of eggs laid by an indivi
dual are now available from aquarium studies (Boletzky, 1987). 
Up till now, a period of about four months appeared to represent 
the maximum length of intermittent or chronic spawning for an 
individual female of ~pia. The present note reports a new maxi
mum of seven months obtained under aquarium conditions. 

The individual under consideration was one of a batch of animals 
reared from hatching in late July, 1984. It lived under continu
ous artificial dim light in an underground facility with running 
sea water at temperatures ranging from 220C at the time of hatch
ing to a minimum of 10°C in winter. During the first month the 
animal lived on amphipods present in large numbers in the rear
ing tank; later it was fed small prawns, and finally crabs and 
large prawns. It attained its final size of 15 em ML (dorsal 
mantle length) after about 17 months from hatching. It was mated 
for the first time after 15 months. The first eggs were laid at 
age 16t months, in mid December 1985, at temperatures around 
12.5°C. Within a few days, the animal produced about 200 eggs 
(Fig. 1). This and subsequent batches were removed to a differ
ent tank for development, except a few eggs that were left on 
the spawning site as a visual stimulus. The second batch of ca 
300 eggs was laid about 40 days later, within only two days. As 
no more egg laying was observed for nearly two months, a male 
was introduced again, and two days later the female laid about 
275 eggs within three days. After another interval of 24 days, 
the animal laid about 300 eggs, 86 of which failed to develop 
(7 unfertilized). Thus within 4 months, a total of over 1000 
eggs was produced (with about 980 eggs developing normally into 
viable hatchlings measuring 7 t~ 8 mm ML). After another inter
val of about three weeks, during which another mating was achiev
ed, the female continued spawning and produced a batch of more 
than 750 eggs within two weeks. With short intervals lasting 4 
to 7 days each, it thereafter laid five batches of 328, 262, 276, 
240 and 277 eggs, respectively. The last batch, laid exactly 7 
months after the first eggs, was accompanied by a series of ab
errant eggs. The total volume of the more than 3000 ova produced 
during the whole time of spawning must have been close to 10 
times the instantaneous holding capacitv of the ovarian sac. 

The animal was still active after the last egg laying when it 
was aged nearly 2 years, but it had degenerating skin and soon 
became moribund. Its body size had not increased during spawn
ing. The final fresh weight of the animal was 425 g. The cuttle
bone had 147 lamellae of decreasing length towards the anterior 
end (last loculus 35 mm in length), resulting in a lamellar in
dex of 0.93 (cf. Boletzky, 1983). 

egg no. 
3000 

1000 

100 200 days 

Fig. 1. - Cumulative curve givirlg total number of eggs laid over 
the whole period of spawning in a laboratory-reared Sepia .!:!..f.fi£i-
~· 

These results emphasize once more that terminal reproduction in 
cephalopods can be drawn out over a relatively long time during 
which the spawning female feeds regularly (cf. Mangold, 1983); 
thus reproduction can hardly be called "suicidal" under these 
circumstances (cf. Geraerts, 1986). However, the fact that the 
physiology of the animal allows long-continued spawning does not 
prove that this capacity is always fully exploited under natural 
conditionSJ it only proves that the p o s s i b i 1 i t y of 
such protracted spawning really exists, and it suggests that 
this possibility becomes important under certain environmental 
conditions to counterbalance high mortality rates. 
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V-III 
Essal de speciation biochimique de six especes 

de Goblides du littoral Languedocien 

B. FOCANT" et J.-C. JOYEUX .. 

• Laboratoire de Biologie Cellulaire et Tissulaire, Universite de Liege, 
20 rue de Pitteurs, 4020 Liege (Belgique) 

•• Laboratoire d'lchthyologie at de Parasitologie Generals, 
Universite des Sciences et Techniques du Languedoc, Place E. Bataillon, 34060 Montpellier (France) 

INTRODUCTION - Les Gobi ides atlantomediterraneens presentent une grande richesse, 
tant gene rique que specifique (MILLER ,1986) : de grandes ressemblances morphoanato
miques entre de nombreuses esp€:ces, meme a l '8.ge adulte, rendent leur distinction 
malaisee. De plus 1 'acquisition des caract€res specifiques essentiels, les organes 
ciatiformes (SANZ0,19ll), sur lesquels se fonde la systematique de cette famille, 
est progressive, ce qui pose le probleme ardu de la determination des larves et des 
juveniles, stades particuli€rement importants pour la comprehension des mecanisrnes 
de peuplement. C' est done tant pour apporter d' eventuelles precisions au ni veau 
taxonomique de certaines especes que pour connaitre les possibilites d 'identifica
tion des stades jeunes de ces poissons que nous avons entrepris 1 'etude des prot8ines 
musculaires de 6 esp8:ces sympatriques des cOtes languedociennes. L 'analyse de 
proteines musculaires sarcoplasmiques (parvalbumines, PA) et de structure (chaines 
legeres de la myosines, LC) au moyen des techniques de separation electrophoretiques 
sur gel de polyacrylamide de plusieurs especes tres proches de poissons marins 
(FOCANT et PEQUEUX,l985; FOCANT et al.,1986) et d 1 eau douce (HURIAUX et FOCANT,1985; 
FOCANT et VANDEWALLE,1987) a demontre la valeur de ce critere biochimique de 
speciation. 
RESULTATS - Nous avons applique ces techniques a une serie d' especes de la famille 
des Gobiides : Pomatoschistus marmoratus(RISSO, 1810) ,Pomatoschistus minutus(PALLAS, 
1770) ,Pomatoschistus microps(KR0l'ER,1838) ,Gobi us niger LINNE,1758 ,Gobi us paganellus 
LINNE,1758 et Zosterisessor ophiocephalus(PALLAS ,1811) provenant du littoral 

languedocien. Les muscles du tronc sont preleves immediatement apres la mort et 
conserves dans une solution glycerinee de pH neutre ii -18°C de 1 ii 12 mois. Apres 
centrifugation, la mise en evidence des PA est r€alisee a partir de la solution 
surnageante tandis que la myosine est extraite par une solution saline a partir des 
myofibrilles. L 1 electrophorerogramme de la FIG.1 (gel ii 10% en acrylamide en presence 
de glycerine a pH 8.6) illustre la separation des differentes isoformes des PA de 
ces 6 especes. Sui vant ce critere, les Gobiides etudi€:S se repartissent en 4 groupes 
distincts comprenant : (a) P .marmoratus et (d) P .microps avec chacun une PA dominante 
typique, (b) G.paganellus et Z.ophiocephalus et (c) G.niger et P.minutus possedant 
chacun 2 PA de mobilites legerement differentes et de proportions propres. La FIG.2 
(gel ii 20% en acrylamide en presence de dodecylsulphate de sodium ii pH 8.8) met en 
evidence, en fonction de leurs poids moleculaires, les differentes chaines legeres 
de la myosine des especes etudiees. Il apparait nettement qu 1 elles sont toutes 
caracteristiques de 1 'espece. 

P.mar. G.pag. Z.oph. G.nig. P.min. P.mic. 

+ 

FIG.l 

P.mar. G.pag. Z.oph. G.nig. P.min. P.mic. 

+ 

FIG.2 

FIG.! : Electrophoretogramme des parvalbumines sur gel de polyacrylamide en 
presence d 1 uree ii pH 8. 6. La fleche indique la zone de migration des parvalbumines. 

FIG. 2 : Electrophoretogramme des chaines legeres des myosines sur gel de poly
acrylamide en presence de SDS ii pH 8.8. La fleche indique la zone de migration 
des chaines legeres. 

Ce travail est subsidie par le Fonds national de la Recherche Scientifique de 
Belgique. B.F. est "Chercheur qualifie" de cette fondation. (contrat N° :3.4513.85) 

DISCUSSION - L 1 electrophorese de ces proteines musculaires fournit une "signature" 
typique de 1 1 espece et apporte une aide biochimique appreciable a la systematique 
reputee difficile des Gobiides. Applicable ii de faibles quantites de muscle (0.1 gr.), 
cette methode, independante des caracteres anatomiques, permet d 'envisager la 
reconnaissance precoce des jeunes stades (larves et juveniles). 
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V-I12 
Biochemical analysis of parvalbumlns 

and myosin light chains from Mediterranean Serranids 
first application to the systematic 

B. FOCANT*, C. VltADIU** and P. VANDEWALLE*** 

• Laboratoire de Biologie Cellulaire et Tissulaire, Universite de Liege, 
20 rue de Pitteurs, 4020 Liege (Belgique) 

•• Departament de Biologia Animal, Universitat de Barcelona, 645 Avgda Diagonal, 
08028 Barcelona (Espana) 

***Laboratoire de Morphologie Fonctionnelle, Universite de Liege, 22 quai Van Beneden, 
4020 Liege (Belgique) 

INTRODUCI'ION - Researchs in adaptative strategies of mediterranean Serranid fishes 
(sensu lata) involve multidirectional investigations. Their behaviour was the 
subject of different studies (for ex.: LEJEUNE et al. ,1980) and the morphology of 
their muscles is now under analysis in our laboratories (for ex.: BENMOUNA et al., 
1984). On the other hand, the classification of the Serranid species is always 
based on classical systematic methods (external morphological characteristics) 
(for ex.: STARCK,l961). 
A first biochemical systematic investigation was attempted from two mediterranean 
Serranids : Serranus scriba L. and Serranus cabrilla L. obviously showing reprodu
ctible differences at the level of sarcoplasmic parvalbumins and myosin light 
chains between the muscles of the two species (FOCANT et al., 1.986). 
Parvalbumins (PA) are specific low molecular weight calcium-binding proteins present 
in relatively large amount in fish muscle sarcoplasm. Myosin is the major muscle 
contractile protein containing light subunits, the myosin light chains (LC); they 
can also be specific. Biochemical differences between these proteins from various 
species are put forward by electrophoretic technics discriminating between them by 
their specific electric charge and molecular weight. 

RESULTS - These hopeful results have to be verified from a greater number of species 
originating from different places of the north--west mediterranean sea. We obtained 
from Barcelona (Spain) 3 Dicentrarchus labrax L., 2 Anthias anthias L., 5 Serranus 
scriba L. and 3 Serranus cabrilla L.; from Montpellier (France) 3 Serranus hePatU5L.; 
from Solenzara, Corsica (France) 1 Dicentrarchus labrax L. and from Calvi, Corsica 
(France) 6 Serranus scriba L. and 6 Serranus cabrilla L •• 
We present in this paper the preliminary results : 
Essentially two types of gel electrophoresis (PAGE) were successfully used : 8 M 
urea or 10% glycerol-PAGE for the separation of specific PA isoforms according to 
their electric charge and SDS-PAGE on which myosin LC solely migrate on the basis 
of their molecular weight (FOCANT et al. ,1981). 
The two schematic electrophoretograms (Fig. 1 and 2) together allow a clearcut 
separation of the 5 Serranid species, based on PA for the 3 Serranus , D.labrax 
and A.anthias, on myosin LC

1 
for S.scriba and S.cabrilla and on myosin LC3 for 

D.labrax, A.anthias and S.hepatus. 

DISCUSSION - The electrophoretic method possesses an excellent discriminating 
ability for Serranid species. The specificity of muscle proteins examined appears 
invariable and unconnected with the geographical localisation of the species. The 
biochemical differences observed are similar to that encountered between the 
members of other fish families. Divergences between two species of the same genus, 
Serranus scriba and Serranus cabrilla are more considerable than between two 
fishes from distinct genus, Serranus scriba and Dicentrarchus labrax. These 
differences do not allow us to establish phyletic relations between species, unless 
the systematic could be standing in error. 
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FIGURES 1 AND 2 - Schematic electrophoretograms showing the separation of the PA 
isoforms (Fig.l, 10% glycerol-PAGE) and of myosin LC subunits (Fig.2, SDS-PAGE) 
from the muscle of 5 Serranids species : D.labrax (D.l), A.anthias (A.a), S.hepatus 
(S.h), S.cabrilla (S.c) and S.scriba (S.s). 
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V-II3 
Donnees sur quelques caracteres numerlques 

des especes du genre ~ (Polssons, Teleosteens) 
des c6tes Tunlslennes 

Fredj KART AS et Monia TRABELSI 

Laboratoire de Biologie Marine et d'Oceanographie, Faculte des Sciences, 
Campus Universitaire, 1060 Tunis (Tunisia) 

A fin de caract€:riser biometriquement les populations des deux esp€.ces d' or
phie presentes sur les cotes tunisiennes Betone be.tone. gtutu.e.w Lowe, ·19 39 et Beto
ne. l.>ve.-tovidov.<. Collette et Parin, 1970, nous avons effectue des observations sur 
des lots de poissons p@ches en mer dans le secteur de Bizerte et de Monastir et en 
lagune dans le lac de Bizerte et de l' Ichkeul. La taille des individus etudies va
rie entre 12 et 45 em de longueur du corps (distance comprise entre le bord paste
rieur de 1' opercule et la base de la nageoire caudal e). Cinq caracteres numeriques 
sent consid€res : le nombre de rayons aux nageoires dorsale et anale, le nombre 
total de vertebres, le nombre total de branchiospines sur le premier arc branchial 
et le nombre de dents situ€:es ami-longueur de la machoire superieure sur une lon
gueur €gale au diametre orbi taire. Les r€sul tats obtenus sent cons ignes dans le ta
bleau ci-apres. Il en ressort les points suivants : 
- Au sein d 1 un meme milieu,. marin ou lagunaire, les caracteres num€:riques des popu
lations de B.b.gtut~ ne different pas significativement d'un secteur marin a un 
autre ou d'une lagune a une autre. Il en est de meme des populations marines de B. 
l.>vetov.<.dov.<.. Ceci denote une remarquable homogenei te des populations d' orphies peu
plant les eaux tunisiennes. 
- En revanche, les populations lagunaires de B.b.gtutu.e.w se distinguent tres net
tement des populations marines notannnent par la moyenne vertebrale particulierement 
basse (75, 79 contre 79,68) et par le nombre de rayons aux nageoires dorsale et ana
le plus eleve. Ces orphies a faible moyenne vertebrale se reproduisent dans les la
gunes. Elles constituent des stacks independants des populations franchement mari
nes. 
Ce phenomene n' est pas propre aux orphies ; chez d' autres poissons connne 1' anchois 
par exemple, il a ete mis en evidence des populations a faible moyenne vertebrale 
dont les individus pondent en milieu lagunaire. 
- Les valeurs que donnent COLLETTE et PARIN ( 1970) pour caracteriser Bcl'.one bcl'.one. 
de Mediterranee sont a 1' exception du nombre de rayons a la nageoire dorsale, tres 
differentes de celles trouvees pour les populations marines des cotes tunisiennes. 
Elles sont en effet plus faibles pour les branchiospines (32,02 contre 34, 77), pour 
les vertebres (78,44 contre 79,68) et pour le nombre de rayons a la nageoire dorsa
le (17,39 contre 17,53) mais plus fortes pour les dents(8,95 contre 7,37). 
-Pour ce qui est de Bcl'.one l.>vetov.<.dav.<., les valeurs relevees par COLLETTE et PARIN 
sont semblables a celles des populations tunisiennes pour le nombre de vertebres 
et celui des rayons a la nageoire dorsale ; elles sont au contraire plus faibles 
pour le nombre de branchiospines (43,00 contre 45,40) et le nombre de rayons a la 
nageoire anale (21,34 contre 21,76) et plus fortes pour les dents (!5,03 contre 14,10). 
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COLLETTE, B.B. et PARIN, N. V. 1970.- Needlefishes (Belonidae) of the eastern Atlan
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V-II4 
Quelques caracteristlques numerlques 

d'Hyporhamphus picartl (Valenciennes, 1846} 
(Teleosteen, Hemlramphldae} des c6tes de Tunlsle. 

Comparaison avec les populations atlanto-medlterraneennes 

Mania TRABELSI et Fredj KART AS 

Laboratoire de Biologie Marine et d'Oceanographie, Faculte des Sciences, 
Campus Universitaire, 1060 Tunis (Tunisia) 

La famille des HEimiramphid€:s est representee en M€:diterranee, prin
~ipalement sur sa rive sud par deux especes Hemiramphus far (Forskal, 1775) 
et Hyporhamphus picarti (Valenciennes, 1846) • Il semble que seule cette 
derniere frequente les eaux tunisiennes. Nous en avons capture durant 1 tete 
1985, une premiere fois, cinq cents individus a l'entree dulac Ichkeul et, 
une deuxi€:me fois quelques exemplaires au large de Monastir. 

Afin de contribuer a preciser les caracteristiques des populations 
tunisien~es, nous avons precede, pour un nombre de 131 individus mesurant 
entre 6 et 12 em de longueur totale et provenant du lac Ichkeul a 1• analyse 
de cinq caracteres meristiques : le nombre de rayons aux nageoires dorsale , 
anale et pectorales, le nombre de vertebres et le nombre de branchiospines 
sur le premier arc branchial. De plus, nous avons confronte nos resultats 
avec ceux obtenus par COLLETTE ( 1965) d' apres 1' ex amen de cinq echantillons 
dent l'un provient, pour l'essentiel des cOtes d•Egypte et d'Israel et les 
quatre autres des cOtes atlantiques ouest-africaines. vu 1 'homogeneitS des 
populations atlantiques nous avons repris les donnees les concernant en les 
regroupant et en €:tablissant de nouveaux calculs. Les resultats consignes 
dans le tableau ci-dessous, permettent de tirer les conclusions suivantes : 
- L'existence, au niveau des populations etudiees, de divergences plus ou 
mains importantes selon le caractere pris en compte met clairemeflt en €vi
dence 1' aspect polymorphe de H .·pi carti • 
- Quel que soit le caractere considere, la population de l'Ichk.eul se dis
tingue nettement des autres par des valeurs moyennes elevees. Celles-ci 
seraient induites par les temperatures relativement basses des eaux baignant 
les cOtes nord de la Tunisie. 
- Contrairement a ce que releve COLLETTE pour les populations atlantiques, 
celles ~e la ME!:diterranee sent tres hBterogenes. cette heterogenEdte qui af
fecte Eigalement d • autreS poissons mediterraneens reste encore difficile a 
expliquer. 
- Les populations du sud-est m€.diterraneen, bien qu'elles occupent une posi
tion intermEidiaire entre les populations tunisiennes et celles atlantiques, 
presentent plus d'affinites avec ces dernieres et ce, tres vraisemblablement 
en raison de la similitude des carcteristiques hydrologiques du bassin levan
tin et du secteur sud-est atlantique. 
- Enfin l'etude de l'echantillon dulac Ichkeul fait apparaitre une relation 
lineaire entre le nombre de branchiospines et la longueur totale du poisson 
se traduisant par !'equation : Br = 0,043 LT + 29,392. 

Bibliographie. 
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COLLETTE B .B., 1965. - Hemiramphidae (Pisces, Synentognathi) from Tropical 

West Africa. kteantA.de RepolLt, 8 : 217-235. 
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V-IIs 
Movements of the pharyngeal bones of Serranus scriba 

(Pisces, Serranidae) : preliminary analysis 

Pierre VANDEWALLE···. Geert CLAES••.•• and Fritz DE VREE"" 

• University of Liege, 22 quai Van Beneden, 4020 Liege (Belgium) 
•• University of Antwerpen (UIA), Universiteitplein 1, 2610 Wilrijk (Belgium) 

• Research Associate of the FNRS 
•• Research Worker of the IRSIA 

SUHMARY. In Serranus scriba, the pharyngeal ja1·1s move in quite diverse,synchronous 
or opposite, v1ays. Left bones may move independently from the right ones.· Such 
movements are maybe related to an unspecialized diet. 

RESUHE. Les as pharyngiens de Serranus scriba presentent des mouvements tres varies 
synchronises ou opposes. Les pieces gauches peuvent ~tre roues independammant des 
pi8ces droites. Ces mouvements sont sans doute en rapport avec un regime alimentaire 
peu specialise. 

INTRODUCTION. Hany teleosts perform succion feeding by a rapid expansion of ·the 
bucca-pharyngeal cavity (ELSHOUD-OLDENHAVE and OSSE, 1976; LAUDER, 1980; VANDEWALLE, 
1980; CYRUS and BLADER, 1982; VAN LEEUWEN and MULLER, 1984; .•• ). We observed the same 
behaviour in mediterranean serranid fishes. That way of feeding thus makes it 
necessary to handle the food items in the bucca-pharyngeal cavity without any work 
of the jaws. That is why we have investigated the movements of the pharyngeal jaws 
during food catching in Serranus scriba. The aim of this paper is restricted to the 
presentation of movement possibilities of the pharyngeal jaws as seem in lateral 
view. In Serranus scriba, each of lower pharyngeal jaw consists of a 5th 
ceratobranchial. The upper jaws are composed of distinct 2nd, 3rd and 4th 
pharyngobranchials (BENNOUNA et al., 1984). 

HATERIAL and METHODS. Pharyngeal jaws were labeled v1ith lead points (Fig.l) 
and food injected with baritine. Food catching and handling were recorded by 
means of cineradiography using an Arri flex 16 mm camera at 50 frames/sec. 

OBSERVATIONS. In the rest position, the pharyngeal jaws are placed one in front of 
the other at a slight distance. When food i terns come at their level, they move in 
very different ways : - upper and lower jaws may be elevated or lowered; 

- they may be protracted or retracted; 
- they may be rotated around a transverse axis; 
- the right jaws may be moved independently from the left ones; 
- any combination of the above mentioned movements is 

possible (fig.2). 

DISCUSSION. LIEH ( 1978) gives the first description of movements of the pharyngeal 
jaws of Perciforms based on cineradiography. Novements are very simple : the jaws 
move forward or rearward or rotate together. LIEH and SANDERSON (1986) and LIE11 
(1986) describe very regular and well-synchronized cycles of movements of the 
pharyngeal boens during mastication and swallowing in Labridae and Embiotocidae. In 
the· ·same year ,AE~TS et al. ( 1986)observe opposite movements of the upper and· lower 
pharyngeal jaws during mastication in the cichlid Oreochromis niloticus. CLAES and 
DE VREE (1988) report in the same species asymmetrical mastication increased upper 
jaw movements and muscles activity at the active side. 
In Serranus scriba, movements are even more diversified. Relationships between food 
type and kinematic pattern are not yet established. So large diversity of movements 
is possibly related to an unspecialized diet for which simple and not too rigid 
pharyngeal jaws· would be convenient. On the other hand increasing alimentary 
specialization could result in increasing stiffness and decreasing mobility of the 
pharyngeal jaw apparatus. In Serranids, the four pharyngeal jaVJs are able to move 
independently and the upper ones seem to be flexible. Cichlids possess only one 
functional lower jaw and two rigid upper ones whereas in Lab rids, the single lower 
pharyngeal jaw moreover articulates on the pectoral girdle (LIEN and GREENWOOD, 
1981) . 
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fig.l. Radiograph in lateral view 
of the head of Serranus scriba 
showing implanted lead dots marking 
the location of bones. 1,2, neuro
cranium; 3, premaxillary; 4, hyoid 
arch; 5, left upper pharyngeal 
jaw; 6, left lower pharyngeal jaw; 
7, 8, 9, right upper pharyngea 1 
jaw; 10, 11, 12, right lower 
pharyngeal jaw. 
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fig.2. Some different positions of the pellets marking the location of pharyngeal 
bones during the feeding in Serranus scriba. The first drawing is considered as thE' 
rest position and is repeated m the other ones. For the numbers, see fig.l. 
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V-II6 
Pathologie du Loup en elevage 

au Centre National Aquacole de Monastlr 

O.K. BEN HASSINE et B. BOUSSAID 

Faculte des Sciences de Tunis, Campus Universitaire du Belvedere, Tunis (Tunisie) 

ABSTRACT : A study of diseases in the sea-bass, Dicentrarchus Zabrax, Fish-farmed at 
-the National Center of Monastir (Tunisia) is carried out. The more frequent observed 
diseases are: -the copepodosis in genitors = this disease is due to a parasitic Co
pepod, Caiigus minirrrus, fixed both into the buccal cavity and on the body of fishes. 

- the incomplete inflation or the non inflation of swim bladder in fingerlings and 
juveniles 

- the abdominal distension, spinal curvature and incomplete operculum in the same 
figerlings and juveniles. 

un suivi regulier pendant un an (Octobre 1985-0ctobre 1986) a permis de mettre en 
evidence differentes affections qui surviennent chez le loup, Dicentr>archus Z.abr>ax, 
au cours de la croissance (a lev ins juveniles) et chez les g€niteurs. 

A.- Chez les geniteurs 
l) Cop€podose : Il s'agit d'une affection grave, due ala pullulation d'un Cop€.

pode parasite, Caligus minimus. Les poissons parasites sent porteurs de plusieurs di
zaines de Caligides, non seulement dans la cavit€: buccale, mais aussi sur tout le 
corps, particulierement au niveau de la t€:te et des nageoires. Chez ces poissons, 
nous avons remarqu€ : un arret de la prise de nourriture, un amaigrissement important 
une coloration sombre, des plages dikhiquet€.es et h€.morragiques, surtout au niveau 
des nageoires. 

2) N€crose du p€doncule caudal et ulcere de la peau: Des g€niteurs maigres pr€
sentent des l€.sions cutan€es caract€ris€es par la presence, au niveau du p€.doncule 
caudal, de plages €.rod€.es et blanchatres. Les poissons a tteints montrent une nage 
difficile, un arret de la prise de nourriture et ils finissent par succomber. L'exa
men des l€sions externes a re.v€1€ la presence d 'ulcerations t€gumentaires congestion
n€.es, p€.n€.trant dans les nruscles superficiels. Au voisinage des zones n€.cros€.es, la 
peau a tendance a la desquamation. Les myxobact€ries provoquent souvent ce genre d 1 

affection (De Kinkel in et call., 1985) 

B.- Chez les alevins et les juveniles 
l) Distension abdominale : Nous avons remarqu€., parmi les populations de juveni

les, de nombreux individus pr€sentant un "gros ventre". Chez certains poissons, la 
distension abdominale est la seule affection rencontr€.e. Chez d'autres, au contraire, 
celle-ci est associ€.e a la deviation, aux anomalies de la colonne vert€brale et de la 
vessie gazeuse. Dans taus les cas, 1' autopsie a r€.v€.1€. la presence d 'un d€.p0t anor
mal de graisse,peridig~stif. Ces poissons ont ece nourris avec un aliment compos€ 
dent plus de la moiti€ est formee de chair de sardines. Or, un r€:gime de ce genre, 
riche en lipides et en prot€ines, produit des loups dent la croissance ponderale est 
correcte mais dent le coefficient de condition et la teneur en graisses sent beaucoup 
trap eleves (Roche et call., I 984). Il est probable que ces "loups metabolisent 
pr€f€rentiellement les prot€ines, alors qu' ils stockent les lipides dont 1 'exces con
duit a des depots graisseux" (Roche et coll., 1984). A ceci, il faut ajouter que les 
poissons presentant des deformations du squelette ainsi qu 'une calcification anormale 
des os, montrent souvent un d€p6t g1:aisseux peridigestif (Tacon, 1986). 

2) Anomalies de la vessie gazeuse : Deux anomalies principales sont mises en evi
dence sur des images radiographiques : 
- reduction du volume et modification de la position de la vessie : cette anomalie 
semble en relation avec le tassement des vertebres et de myomeres. Ai nsi, les indivi
dus pr€sentant un nombre important de vertebres tass€es ont une vessie tres €cart€e 
de sa position normale, horizontale. Chez ces poissons, une autre anomalie peut af
fecter le volume de la vessie qui se trouve alors reduit. 
- absence totale de vessie :les images radiographiques d 'autres jeunes poissons ont 
r€v€.1€ 1' absence to tale de vessie gazeuse. Le non gonflement de la vessie est une af
fection connue chez le loup. On pense qu'elle est le r€sultat d'anomalies affectant 
le conduit pneumatique au moment du gonflement initial (Giavenni et Do.imi, 1983). En 
outre, ces poissop.s peuvent montrer des tassements de vertebres, mais aussi, et dans 
tous les cas, des deviations de la colonne vert€brale de type lordose. Les alevins et 
les juveniles pr€sentant ces deux types d' anomalies ont une nage continue,oblique, 
parfois meme verticale et coulent des qu' ils s 'arretent de nager. Parmi ceux-ci, cer
tains sent fortement amaigris. D'autres poissons sent incapables de nager et se po
sent en permanence sur le fond cU. ils finis sent par mourir. 

3) Deformations du corps : Diverses deformations du corps ont ete observ€es. 
Elles sont, pour la plupart, liees aux d€formations de la colonne vert€brale et done 
aux anomalies de la vessie gazeuse. Les gib~sit€s, en particulier .au niveau du dos, 
les torsions du corps et les deformations de la t€te et de la bouche sont les anoma
lies les plus fr€quemment rencontrees4 

4) Anomalies des nageoires : Chez les jeunes loups presentant diverses deforma
tions du corps, des anomalies affectant la forme, la position des nageoires ainsi 
que le nombre de rayons durs ont ete observes. Nous avons note chez quelques indivi
dus 1 • atrophie ou !'absence to tale de certaines nageoires. 

5) Entassement et modification des ecailles : Chez les poissons montrant un tas
sement important des vertebres et des myomeres, nous avons remarque un empilement des 
€.cailles B. ce niveau. Dans ces regions 11=s ecailles se chevauchent, formant des pla
ges epaisses et rugueuses. Elles gardent cependant une forme et une taille normale. 
Ce chevauchement interesse €.galement les €.cailles de la ligne laterale qui ne sont 
plus percees dans leur champ ant€rieur de 1 1 orifice laissant passer le canal apparte
nant au systeme lateral. 

6) Les malformations des os operculaires : Chez certains alevins et juveniles 
la chambre branchiale incompletement couverte, laissait entrevoir les branchies dont 
une partie, plus ou moins importante selon le degre de l'affection, etait seule visi
ble. Dans les cas extremes 1' ensemble des branchies €tai t decouvert. Ces atteintes 
peuvent 8tre symetriques ou n'int€resser que le cOt€ droit ou gauche. Elles peuvent 
etre associees ou non a des deformations du corps resultant elles-memes de deforma
tions et anomalies de la colonne vertebrale. L'examen des os couvrant la chambre 
branchiale nous a permis de cons tater que les anomalies observ€:es resultent d 'une a
trophie et d'une tors¥>n de 1 'opercule ou du sous-operc.ule, ou encore des deux. 

CONCLUSION : Cette etude nous a permis de connaitre les differentes affections du 
loup €lev€: a la station de Monastir. Parmi celles-ci, les plus frequentes sent : la 
cop€podose chez les geniteurs, 1 'inflation incomplete ou le non gonflement de laves
sie.gazeuse chez les alevins et les juveniles, la distension abdominale, les malfor
mat1ons du rachis et des os operculaires chez les memes alevins et juveniles. 

Dan~ ~e premier cas, l'affection est due ala fixation d'un Copepode parasite,CaZ.i
gus rrn..n-urrus ~ Dans les autres cas la cause des affections reste indeterminee. Celles
ci ont deja ece signa lees dans de nombreuses installations mediterran€:ennes d f €leva
ge intensif du loup ou on a souvent incrimine les conditions generales de !'installa
tion aquacole dans l 'apparition de ces affections, sans pouvoir etablir un lien avec 
un facteur precis, reellement responsable. 
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V-II7 
L'absorption de Ia glucosamine par l'intestin 
de I'Anguille (Anguilla anguilla, Linne 1758) : 

effets de Ia temperature et de Ia concentration 

B. TRITAR', S. CHf;BCHOUB-ELLOUz· et G. PERES .. 

• Laboratoire de Physiologie Animale, Faculte des Sciences de Tunis, 
Campus Universitaire du Belvedere, 1060 Tunis (Tunisie) 

•• Laboratoire Maritime de Physiologie, lnstitut Michel Pacha, 83000 Tamaris (France) 

Poursui vant ncs travaux sur 1 • absorption intestina1e chez 1 'Angui1le 

(TRITAR et co1l. 1986) nous avons etudie l'influence de la terrgoerature et de la 

concentration sur 1' absorption digestive de la glucosamine. 

I.es experiences sont effectuees in vivo selon ln1 protocole gui a ete pre

cedermEnt decrit {PERES et coll.1973) et qui consiste en l.J!le perlusion continue de 1' in

testin du poisson. I.e perfusat est prepare a partir de Ringer a 9%o de Nacl et de glu

cosami.ne M/4 de fao;:on a arrener la concentration en sucre amine a Q,SrrM. La presence 

d'un rnarqueur radio-isotopique (g1urosamine 14c) pemet la detennination des quantites 

de g1usqcamine abso:rbi§es par l'intestin. 

Des perfusions a six tenperatuns differentes ant ete realisees : 5 •c' W°C' 

l5°C, 20°, 25°C et 3Q°C. La dur€e de chaque perfusion est de 30 minutes et la roncen-

tration en su=e amine est de o, 5rrM • 

I.es resu1tats dJterrus m::ntrent qu 'une 

elevation de 1a terrgoerature provcque "in vivo" 

\.U"Ie augirentation de 1' absorption intestinale de 

la gluc:oSamine. C·'est ce qQenontre 1a diagramre 

realise a partir des rroyennes des quantites de 

glurosamine absorl:Jees par les douzes animaux aux 

s:i.x tenp§ratures (Fig.1). 

I.es valeuxs du a:Jefficient thetmique ou QW : 

1,78 dans l'interval1e 5°C, 1o•c; 2,02 dans les 

intervalles W°C - 20°C, et 15°C, 25°C ;1, 74 dans 

1' intervalle 20°C -30°C, m::ntrent que 1' acticn de 

1a tenperature s 'exerce ncn seulerrent sur la dif

fusion passive mais aussi sur un transport a ca
ractere metabolique (BRYAN et coll.1971, PERES 

et coli. 1974). 

A .UH de gluco8a111ine/g 
d 1 inte1tin {Tai• 

1,8 

1,6 

1.4 

1,2 

0,4 

FlGUR~ f .- EHET DE LA VARTATJOH OF. LA 
TEHPERATURF. SUR L' ABSORPTION 
DE LA CLIJCOSAHTN-f: A O,S !!!H. 
CHEZ Anguilla anguilla 

Des perlusions a cinq concentrations differentes en sucre amine 

ont ete envisagees o,SrrM, InM, 2lrM, 5nfl!, et 10 rrM. La duree de perfusion est 

de 30 minutes et 1a tenperature est maintenue constante a 2o•c. 

Concentration en 
glucosamine 

FIGURE ~.- INFLUENCE DE LA CONCENTRATION 
EN GLUCOSAHINE (~o. 5 mH-( mM-
2 mH- 5 mtl- 10 mH} cht-z 
1' anp.uille. 

21 

0,10,1!\5 

fiGURE 3, Etude de 1 1 absorption de di(ftirentes 
concentrations de ta· ~d ucol'>.1llline p.1r 
1 • i nt est in de t' l'ln~u i 11 <'. Rrr rr !' c-nt a
t ion selon LltlE\tiEAVER et BUP.K (1934). 

I.es resultats obtenus m::ntrent que 1' absorption de 1a g1urosamine croit 

avec 1' augmentation de la concentration en substratet fait 8H,)araitre un phencxnene 

de saturation au de1a de Srrf.l;: (Fig.2). 

I.e pourcentage d' absorption de 1a glucosamine evolue en sens inv'ers.e de ce1ui 

de la a:ncentration de ce sucr-e amine soit 21,42% pour o,SrrM, 14,5% pour InM, 8,95% 

iJOur :znt.!, 4,17% pour SrrM et 2,22% pour 10rM. 

I.es resultats analyses selon la methode preconisee par LINEWEAVER et BURK 

(1934) donnent une representation grapuque sous 1a fo:rne d'~ droite (fig.3) d'§qua

tion y= 7,61 x + 12,89. L'application de la theorie de MHEIELIS et MENTEN (1973) donne 

une ronstante de MICllAELIS km egale a 0,59 nfll et une vitesse maxiroale vm =0,08 _...uM par 

grantre d'intestin frais et par minute. La valeur faible de la constante de MI01l\ELIS et 

MENl'EN {km = 0,59 uM) reve1e une forte affinite du systi!ne de transport pour la gluco

samine {BRYJ\N et coll.1971) • 

Ces etudes sur la roncentration non trent que 1' absorption de 1a glurosarnine 

se presente came un pMnotl\i!ne a caractere metabolique .• 

BRYAN E.L et FORSTNER G.C. {1971) Biochi.m, Bicphys. Acta, 261 pp 253 -364. 

LINl'WEAVER.H et BURK.D(1934) 1\Irer .J. O!em. Soc. 56 W 658 - 666. 

MICllAELIS.L. MENl'EN M.L. (1913) Biochern Z. 49 pp. 333-369. 

PERES.G BOSE. G., CXlLIN.D et RIG~'.. A, (1974) Rapp. c:dnn. int. M:!r. M:!dit. 22 (7) ,pp.59-60. 

PERES.G, RIGIIL.A. et BCGE.G (1973) Ann. Int. Michel Pacha -18-25. 

TRITAR.B, SAID.K, BCGE.G et PERES.G {1986) Rapp. Coltn. Inter. M:!r M:!dit. ,30,2. 
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V-IIs 
A new method for classifying the prey of fish 

Elisabeth ROSECCHI 

Laboratoire d'lchthyologie, U.S.T.L., 34060 Montpellier (France) 

Analysis of stomach contents is commonly used in studies of fish diet. Once prey 
are identified, food preferences can be assessed by calculating the relative propor
tions of each major prey category in terms of percent number, percent weight, or 
frequency of occurrence. These methods and others, with their advantages and disad
vantages, are the subject of many papers like that of Berg (1979). In addition to 
this direct approach various indices of dietary preference have been developed which 
combine two or three of these measures. Some authors have proposed to classify the 
major prey categories of fish, in terms of preference, with regard to their dietary 
index value. In the present study three dietary indices and prey classification me
thods are applied to two sparid fish (DipZodus sargus and PageUus eryth:rinus) 
mach data. 

MFI = (~) x W 

2 
(Zander, 1982) 

Q = N x P 

(Hureau, 1970) 

where N = 100 x N.lmber of Individuals of Prey i 
Total Number of Prey 

F = I 00 Number of Stomachs containing Prey i 

IA=~ 

100 
(Lauzanne, 1975) 

W = I 00 x Weight of Prey i 
Total Weight of Prey 

Total Number of Stomachs Containing Food 

With the MFI and IA indices all prey appear to have almost the same importance 
and major prey cannot be distinguished (Table I). These indices do not discriminate 
enough prey categories, especially when these are numerous. Hureau 's ( 1970) classi
fication of categories can be applied successfully to sparid fish since all prey are 
distributed in the three proposed categories. These methods of classifying dietary 
items were adapted to the species studied by their proposing authors, but the cate
gories and their limits are empirical and cannot be applied to all predators. A more 
reliable distinction between prey categories may be required, for example when com
paring two fish species or several classes within one fish species. 

The following method is proposed : Stomach content data are first analyzed by any 
dietary index (N,F,Q,MFI, etc) and the total index value of all prey categories is 
calculated. Each individual value is then expressed as a percentage of the total va
lue. As a result all indices are transformed to the same scale and comparisons (bet
ween fish species or classes within a species) become simpler. Prey categories are 
ranked by decreasing order, with regard to their index value. From prey of rank 1 to 
prey of rank n, the transformed index values of each prey are summed until 50% is 
reached. It is suggested that these prey are termed PREFERENTIAL. The values of the 
following prey are added up to 75% of the total index and it is proposed to call 
these prey SECONDARY. The remaining prey in the list are considered as ACCESSORY. 

There are situations, however, where one has to be cautious when applying this 
method. When the index values of prey are very close it can be impossible to separa
te them between preferential and secondary. 1st ex. : 50%, 49%, I%. 2nd ex. : 40%, 
10%, 9%, 3%. When the combined percent values of the first and second prey repre
sent almost 50% but the third prey has a very low value, it is unacceptable to in
clude it in the group of Preferential prey. Ex. : 30%, 19%, 4%. 

As a example the proposed method has been applied to DipZodus sm>gus stomach data 
(Table 2). Whatever index is considered (IA, MFI, or Q) a distinction is made bet
ween preferential prey and others, which was not always the case with the other me
thods. The present method always provides a prey ranking, for every kind of preda
tor. It can be used to compare several fish diets even if the original data were not 
analyzed usinq the same index. In traditional classifications key values are fixed 
a priori, or based on data obtained with a given species. Prey are distributed in
dividually in each category according to their index value. With our proposed clas
sification it is not only the individual index value which is taken _into account, 
but also the cumulative index values of all prey. 

INDICES 

IA 50-100 
25- 50 
10- 25 
0- 10 

MFI :> 75 
51- 75 
25- 50 

< 26 

Q :> 200 

20-200 

PREY 

Main 
Essential 
Not negligeable 
Secondary 

Main 
Principal 
Secondary 
Accessory 

Preferential 

Secondary 

DipZodus sargus 

All Prey 

All Prey 

Molluscs 

Page Uus erythrinus 

Annelids 

Other Prey 

Annelids 
Other Prey 

Annelids 
Decapods 
Holluscs 
Echinoderms 
Amphipods 

< 20 Accidental 

Fish 
Decapods 
Annelids 
Echinoderms 
Othet· Prey Other Prey 

Table 1 : Classifications proposed by 3 authors with regard to the 
dietary indices. Application to two spa rid species. 

%IA %MFI %Q 

PREFERENTIAL PREY Fish •••..•... 33 Molluscs •••.. I9 Molluscs ••••• 45 
Molluscs ..... 22 Fish ......... 19 Fish ......... 18 

Dec a pods. . . . . I 3 
Annelids ...•• I3 

SECONDARY PREY Decapods..... I 5 Echinoderms.. Decapods..... I 0 
Annelids ..... 13 Plant remains Annelids ..... II 

ACCESSORY PREY Echinoderms.. 6 Amphipods... • 5 Echinoderms .. 
Plant remains 6 Amp hi pods .••• 

Table 2 : New prey classification, example of DipZodus sm>gus. 

LITERATURE CITED 

BERG (J.) 1979,Mar.Biol., 50, 263-273. 
HUREAU (J.C.) 1970,Bull.Inst.Oceanogr. Monaco, 68 (1391) : 1-250. 
LAUZANNE (L.) 1975,Cah. ORSTOM, Ser. Hydrobiol.-:-9 (2) 105-12I. 
ZANDER (C.D.) 1982, Vie et Milieu, E : 1-IO. -

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

261 

V-II9 
Food items of Saurida undosguamis 

in the Northern Cilician Basin (Eastern Mediterranean) 

Ferit BINGEL and Dursun AVSAR 

Middle East Technical University, Institute of Marine Sciences, 
P.K. 28, 33731 Erdemli-lcel (Turkey) 

Lizard fish 1s Hnown as a carnivorous f'istl (RAO, 19tH). This 
species emigrated into th~ eastern Mediterranean Sea and 
bearne coJrun~rcially Jmportilnt along tlJe coastline of the 
Levantine Basin in the rnld fifties (BEH-YAMl and GLASER, 
1973). In 1952 tlJi.s sp~cit's was not found Jn the Gul:f o£ 
Mersin and its TWiflhboUl'lH!l wat~rs {GO'l"l'LIEB and DEH-TUVIA, 
1953, in DEN-YAMI and GLASER, 1973). In tlle same years AlCYUZ 
(195'1) had not inellHl~<l I..izard fish in the specles list o£ 
Indo··Pacific ernlt::J·ant s. Tills f 1 sll is now commercial species 
in Uw inshot'e recton oJ the east tTil N~<li terranean coast o:f 
'l'Url~ey (BIIWEL, 1951, 1957). 

Nevertheless, vet'Y littlP ls J<nown about the feeding habit of 
Lizard f1sll in tl1e Levant ine BaslrJ. 

Material collected in two stations at'e approximately 17 
nautical miles apart fi'Om each otl1er•. Samples were taken 
be:fore noon, iced on boaJ'd and kept frozen in the laboratory. 

Food specimens in tlle stomaclJs of LiZ<H'd :fish were tried to 
be identified at species level. Totally 5223 individuals 
:from both stations were collected monthly between July 1980-
September 19tH and ex<llnlned. 

It is found tl1at Lizard r.tsll ft•t1 mainly Oll fi:<ll (97. 3 ;q. 
The signi:ficant food 1 tPms consisted of MULLIDAE 40. 1 X, 
SPARIDAE 13. 5·x, LEIOGNATlllDAE 12.4 X and SYHODONTIDAE 7.4 

'l'able 1: J<'ood compositiou of S. undosqnamLs in the northern 
Cilician Basin. 

Food 
organisms 

H. barbatus 
L. klunzingeri 
S. undosquamis 
Diplodus sp. 
H. chryselis 
Sardine sp. 
u. molucccnsis 
Gobius sp. 
Page 11 us sp. 
B. boops 
T. trachurus 
E. encrasiccolus 
S. aurata 
'l'rigla sp. 
P. salt a tor 
'l'racllinus sp. 
A. laterna 
c. 1 inguatula 
Spllyraena sp. 
Siganus sp. 
H. merluccius 

Loligo & Sepia s~ 

Penaeidae 

Others 

'l'otal 

REFERENCES 

Numl>cr of identified specimens 
July 1980 - September 1981 

Numbers 

134 
45 
2'/ 
36 
23 
17 
12 
10 
10 

5 
7 
5 

2 

6 

36. 8 
12.4 
7.4 
9. 9 
6. 3 
4. 7 
3. 3 
2. 7 
2. 7 
2. 2 
1.9 
1.4 
1.4 
0.8 
0. 8 
0. 8 
0. 5 
0. 3 
0. 3 
0. 3 
0.3 

1.6 

0. 8 

0. 3 

100. 0 
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V-II10 
Time series of the stomach fillings of Saurida undosauamis 

in the Northern Cilician Basin (Eastern Mediterranean) 

Ferit BINGEL and Dursun AVSAR 

Middle East Technical University, Institute of Marine Sciences, 
P .K. 28, 33731 Erdemli-lcel (Turkey) 

The Lizard fish emigrated into the eastern Mediterranean Sea 
via the Suez canal and b!"came comnercially important along 
U1e coastline of the I.evantine Basin in the mid "fi-fties (BEN
YAM! and GLASER, 1973). 'l'hls fish is today one of the most 
important commercial species in the inshore region o£ the 
eastern Mediterranean coast of TurKey (BINGEL, 1981, 1987). 

As far as Known Uwre is no special work dealing with the 
cabanges of stomach content of this fish in the northern 
Cilician Basin. 

For the analysts of temporal differences of the stomach 
filling of this fish two stations were chosen and sampled 
from July 1980 to September 1981. 

Lizard fish feeds little during day tim!" but most intensively 
during the early morning, 1. e., two hours after sun rise 
(TORIYAHA, (1956). Therefore samples were taKen before noon, 
iced on board and kept frozen in the laboratory. 

Food specimens in the stomaclls of Lizard fish were trle<t to 
be identified at species level. The stomachs were simply 
categorized as full if they contained food or otherwise as 
emPty, and totally 5223 indivi<tuals from both.stations (2801 
in Goksu-River-Delta and 2422 in Tirtar region) were 
collected monthly bet'ween July 1980-September 1981 and 
examined. 

In the Tirtar region relatively intensive feeding starts in 
July-August and reaches its maximum in September-october and 
slows down towards November-December. In this perio<t (July
December) 73.07 Y. o£ the total food consumed annuallY ls 
already taKen. In contrast to the Tirtar station, feedine 
intensity was found rather low in July-August in Goksu 
station, where higher rates were observed in September
December, with a maximum in November-December. During this 
time (July--December) Lizard fish consumed 70.59 Y. of its 
total annual food ~.requirement (Figure 1). 

As snown in Figure 1 this fish feeds intensively between 
April-July and most intensively between September and 
November . BINGEL (1985) stressed that Lizard fish spawns 
twice a year. The times of the spawning period and the times 
of inytensive feeding overlaps in both stations. This is in 
contrast to the known behaviour of fish in colder climates 
such as in northern Europe. 

{"f.) Numb~r of fish wilh f!A stomach 
2 tt (•f.) of ,,. total numbf'r 

TIRTAR 

Figure 1: Three times running averages of stomach filling. 
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V-IIll 
Prey size of Saurida undosquamis 

in the Northern Cilician Basin (Eastern Mediterranean) 

Ferit BINGEL 

Middle East Technical University, Institute of Marine Sciences, 
P.K. 28, 33731 Erdemli-lcel (Turkey) 

Food is the most .1mport ant component wlli<:ll determines growth. 
Nevertheless, very littiP ls luJown about the feeding habit 
and especially about tht· prey si7.P of Lizard fish in the 
Levantine Basin, wl1ere it rnost ly feed on JJullus l>arl>atus, 
L.ciognatlms ]{Junzingel'.l and .s·alll'.ida 11nctosquamis in the 
northern Cilician Basin (BHIGEL & AVSAH, l9llB a). 

In November 1982 for a determination of the prey sizes 35 
individuals in Uw GoKsu river delta and '13 individuals in 
the Tirtar region were examined with full stomachs and the 
"food specimens in the stomaclls of Lizard fish were tried to 
be identified at species level. 
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'I'he distrilmtion of prey sizes of Lizard fish is given in 
Table 1. As theoretically expected the prey size increases 
with increasing fisll lFngUL But the weights of prey did not 
always follow this trend. 

In the Tirtar .station, tlte largest prey ever taken by a 
Lizard fish of 31.6 em 111 length, was the same species with a 
length of 15.7 em and weiChing 2?..03 g. Jn the Goksu 
station, tlle l<H't:Pst prey was a common sole (P.O. 39 g and 
14.7 em) swallowecl by a Lizard fJsll of 33.8 em in length. 

Minimum prey size i .s u.<:nal I y ol>.<:f,rved by fcrnal es and juvenile 
individuals at both station.<:. 'J'lw mean weigllt of the prey 
ranged between ·o. 6 5. 11 g. 'l'llP st:o~ndard deviations and the 
var'iances of tltP rnPans werf' fonncl high ('I'abl e 1). 

Utilizing the m<,an pl'f'i' weights (male, fnnale & juveniles) 
(3. 75 g) and assuming that this value reflects the mean daily 
ration of Hlis f.tsll at time.<: of rPlatively intense feeding 
(July-December=6 rnontl1.<: BlltGF:l. & AV.SAII, 1988 b), than, one 
may end up with 57q g flsll ilt,stJ consumption per specimen/6 
months. ConsldPr.tng t11e total durat .ion of sampling an annual 
consumption of 750 g prey;yearjspeeirrwn was calculated. This 
will result in a production of fish flesh of 75 gjyear on the 
basis of 1/10 food transfer. Based on t11e data presented in 
the report of BINGEL ( l9f>l) tlle 1 ength and weights for 
different age gronps ancl Un.- obtainable flesh production in 
view of above suggestions wtll be as follows: 

As seen from the t~ble below the expected weights calculated 
from food consumption for <llfferPnt age groups aggree well 
with the mean weights, At least these have the same order of 
magni tucle. 

Age He an J1ean Wei gl1t expected 
Group Length Weight from food consumption 

0 5. 9 3. l 
I til. 3 49. 3 75 
II 26.4 120.9 150 
III 31.8 190.7 225 
IV 35. 3 246. 3 300 

Table 1: Minimum, maximum and mpan prey sizes of Salu•.i.da 
undosquamis ill the northern Cilician Basin. 

'I' I R 'I' A R M A L E S 
Il !Hn Max Mean s s' 

Length (nun) 22 '!9 1?.3 92. 5 19.6 367. 8 
Weight (g) 22 1.6 10. 2 5.4 2. 5 5.7 

'I' I II '1' A R F JC M A I. E S 
Length (mm) 42 33 208 81. 5 32.6 1035. 1 
Weight (g) 42 0. 2 22.0 4. P. 3. 8 13. 7 

T 1 R 'I' A R J u v E ll I L E s 
Length (lllm) 9 24 9B 49. 3 22. 3 4q0. 2 
Weight (g) 9 0. 2 l.3 0. 6 0.4 0. 1 

G 0 K s u J1 A L E S 
Length (lllln) 6 37 14lJ 54. 2 qo. o 1333. 1 
Weight (g) 6 0. 6 14. 3 5. 2 5 20.7 

G 0 K s tJ F I~ M A I.E s 
Length (llllll) 21 35 !WI 65. 7 33. 3 1058.0 
Wei gt1t (g) 21 0. 2 20. 4 5. q 5. 8 31. lj. 

G 0 K s u J u v E N 1 L E S 
Length (mm) 8 q2 76 60 12. 7 140. 3 
Weiglit (g) B o. 5 4. 5 1.7 i,q 1.7 
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V-II12 
Food preferences of juvenile Red Mullet Mullus barbatus 

in Western Adriatic nursery ground (Osteichthyes : Mullidae) 

Car1oFROGLIA 

lstituto di Ricerche sulla Pesca Marittima, C.N.R., Ancona (ltalia) 

Red mullet (M..illus barbatus) is a very important species for the MediterraYJean 
fishery, and food preferences of adults (Total length >9 em) were investigated 
by several Authors (Wirzubsky, 1953; Planas aYJd Vives, 1956; Haidar, 1970; 
Jukic, 1972; Focardi et al., 1980; Caragitsou and Tsimenidis, 1982a-b). 
Food preferences of juveniles, that in sumner months concentrate in coastal 
nursery grounds, are briefly discussed only by Garbi and Ktari ( 1979). 
To investigate this topic, samples of Red mullet were collected with a bottom 
trawl at 3 selected depths ( 7-10-13 m) in a coastal area about 10 miles NW of 
Ancona (central Adriatic Sea) between August and November 1975, in daylight 
hours, when feeding activity and vulnerability of Red mullet are the highest 
(Caragitsou and Tsimenidis, 1982b; Froglia and Gramitto, 1986). 
A total of 474 stomachs from fish in the size range 5 - 9 em (T.L.) were 
examined; only 13 were found empty (Vc = 0.03). 
Standard techniques (for a review see: !'erg, 1979) were followed in the analysis 
of stomach contents, but frequently I found impossible to number individuals in 
the bulk of Polychaete and Bivalve remains. 
Peracarid Crustaceans were found to be by far the most important food item, 
followed by small Decapods (size range 1-20 mm T. L.), Polychaete worms and 
Bivalves ( "pullus" and juveniles measuring 0. 8 - 4 mm shell length). 
For the 8 most important food items observed, the "Frequency of occurrence" and 
the "Percentage of (wet) weight" are summarized in Fig. 1 separately for the 
three depths considered. 
Importance of different food i terns remarkably changes among the depths 
considered also if the sampled areas are only one mile apart from each other and 
the depth range is only 5 meters. 
Grab samples of benthic communi ties collected contemporaneously to trawl 
samples, suggest a density-dependent prey selection by the young Red mullets, at 
least for some Crustacean food i terns ( Tanaids and Apeliscidae). 
M::>reover, as predator grows, it shifts its diet to larger preys. 
In samples collected at 10m depth small Peracarids, like Cumacea, were recorded 
with a mean number of 6.1 individuals per stomach in 96% of the Red mullets of 6 
em length, whereas their mean number decreased to 2. 7 individuals and the 
frequency dropped to 22"/o in the Red mullets of 9 em TL. 
In samples obtained at 13 m depth, predation on large shrimps (Processa sp.) 
was found higher among larger fishes: mean number 1. 7, frequency 13% for Red 
mullets of 6 em, and mean number 2.5, frequency 36% for Red mullets of 9 em. 
Wthin a single food i tern, the largest sizes recorded in the stomachs increased 
with the predator size, whereas the smallest sizes were roughly constant, but 
their abundance markedly decreased, as if larger Red mullets would search for 
larger preys but not disregard the small one encountered by chance. 

depth 10m 

n: 198 
depth 13m 
n: 190 

0 Polychaeta 

fir!i Cumacea 

[ill Bivalvia 

~ Processa sp. 

IIJ Ampeliscidae 

lml Philocheras sp. 

~ Tanaidacea 

~ Brachyura 

Fig. 1 - Food preferences of juvenile Red mullet. 

For example the largest prawns recorded in stomachs of Red mullets of 5 and 9 em 
(TL) measured respectively 5 and 20 mm in total length, whereas the size of the 
smallest Cumacean was about 2 mm throughout the whole size range of predators. 
Such a feeding behavior seems to me the most efficient in terms of energy gain 
from available food resources. 
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V-IIB 
Food ·habits and dietary overlap 

of Lepldotrlglla cavlllone In Greek Seas 

E. CARAGITSOU and C. PAPACQ'.JSTANTINOU 

National Center for Marine Research, Hellenikon, 16604 Athens (Greece) 

IB"TRODUCTIOI 
Lepidotrigla cavillone <Large scale gurnard) is aDIIlog the most 

abundant triglid fish species in demersal coliDilnities in the Greek seas 
<PAPACOISTAliTIIOU, 1982, 1983). In order to know liiiDre about the role of 
this fish in its ecological co:aamnities, including co:nopetitive- preda
tory relationships, liiiDre data are required on their food habits. The 
objectives of this study were 1) to describe the food habits of the k.. 
cavillone that is very com.>n in trawl catches in the Greek seas, 2) to 
evaluate the possible effects of size of fish, season of capture and 
geographic area on its food habits. 

XATBRIAL DD JIETHODS 
A total of 1437 sto-ch sallples :fro• L.cavillone was collected 

during a bottom trawl survey in Greek waters from SUlllaBr 1977 to spring 
1978.Sallples of sto-chs were taken in four areas: Saronikos Gulf <437) 
Pagassitikos Gulf <270>; Ther-ikos Gulf <303); Thracian Sea <427>. In 
the laboratory the preserved stm .. chs were individually opened and 
their contents e11ptied onto a 0, 25 - -..11 openimog '¥'reen sieve to 
permit washing without loss of any food ite... The sto,..ch contents 
were shorted, identified and counted. Jlajor prey ite_, and colWDDnly 
occurring but relatively minor prey, in ter_, of weight and number, 
were identified to species whenever possible. The weight of all stolllach 
content groups was deter•ined to the nearest 0, 01g and all inforJDa.tion 
recorded. A sto-ch was considered e.pty when no food iteJIIS could be 
identified and the -te- rial found in the stoliiBch weighted <O. 01 g. 
Iiche overlap was calculated using the. for:.ula proposed by PIAIKA<1973) 

LEpihpjhl 
Aij = -----------------

£:Ep-2ih :Ep~2jhl 
where Aij is the overlap of species j on species i, Pih is the porpo
tion <percentage weight> of a particular food h <h=1 ... , s> in the diet 
of species i; and Pjh is the proportion of the same food h in the diet 
of species j. Values for the overlap index -y vary between 0, if no 
overlap occurrs, and 100 for co11plete overlap. 

TABLE I. Percent by ...,ight, number and frequency of occurrence that 
mysidacea food taxa co:zoposed the diet of L. cavil lone in Greek Seas 

THBRXAIKOS : PAGASSITIKOS : SAROIIKOS : THRAKIKOI 

: f :V :I :B : : f :V : li:B : : f :V : I:B : : f :V : I :B : 

winter 91:80:92:27: 95:85:84:26: 
spring : 77:57:64:15: : 77:66:66: 9: : 77:76:66:11: : 74: 67: 50:10: 
SlUDer : 91:79:97: 6: : 61:36:46: 6: : 77:72:67:10: :100:100:100: 3: 
fall : 94:67:96:10: : 45:36:59: 6: : 91:88:95:14: : 94: 86: 93:40: 

f= frequency of occurrence, V= percentage ...,ight, I=number percentage. 
B= ,_ ellpty sto-chs. 

RESULTS DD DISCUSSIOll 
Of the 1434 sto-chs that were eXAlllined, 211 were e11pty. The 

proportion of empty sto .. chs -s re-rkably varied among the four 
geographical areas thronght the ysar. The sw...r shmos a lo-r propor
tion in empty sto-chs, while the winter a larger one <Table I>. The 
proportion <by ...,ight> of the -jar ta,... in ths diet of L.cavillone 
-re so_,t1mes liiBI'kedly different a.ang areas. Prey CDllpOBition and 
availability -y be functions of sedi.,nt, depth and season. The first 
two paraJEters characterize each geographical area. Xysids constituted 
over 75,_ of the diet on a weight basis in Ther-ikos, Saronikos Gulf 
and Thracian saa al.,.;t all round the year, while in Pagaseiti.ltos gulf 
only during winter arrived 85" <Table I>. In. the last area decapod.s 
'Were the -jar food iteJIIS in the diet for the three other seasons. A 
coaplete list of .yaids prey iteJIIS in term of nWIIbers, weight and 
frequency is presented by season and geographical area in Table I. 
Lophotes typicus and Para!!Ysis helleri were the do•inant mysids 
consu..d, while the Siriella clausi occurred among the proportion of 
prey taxa of secondary i11portance. 

Vhithin these geographical areas, differences occurred a110ng the 
proportions of prey taliZl of secondary i11portance. C~cea ...,re liiiDre 
abundant during spring and ~r in the Pagaeai ti.ltoa Gulf and Thracian 
Sea, during winter and spring in tha TherliiBi.ltoa Gulf and s~r in the 
Saronikoa Gulf. Ga-.sridea ...,re rarely :found in the diet. The capture 
of a fish prey BlJ888Sts that they .. y also prey on a.tll :fish. Fro• the 
feeding spectrWII analysis of L. cavil lone it is suggested that it feeds 
as an active predator on the just above the bottom utilizing -inly 
nectonic or pelagic invertabratea. 

TABLE II. Si•ilarity indices for the diets of L.cavillone within dif
ferent seasons in the study area. 

classes :fish llo: code :2 :3 :4 :5 :6 :7 :8 :9 :10:11:12:13:14: 

Sar/koa, spring 140 <1> :~:~:~:~:0:~:~:~:~:~:~:~:~: 
su...r 162 (2) :~:~:~:~:$:50:~:~:~:50:U:~: 
fall 135 (3) :50:~:«:~:5~«:~:~:~:~:~: 

PaS::/koa winter 53 <4> :~:0:~:50:6:~:~:~:~:~: 
spring 54 (5) :3~$:~:00:~:~:~:~:~: 
su...r 76 <6> :49: ~.54.: 29:31:36:26:31: 
fall 65 (7} :37:46:33:33:39:26:33: 

Ther/kos winter 79 (8} :47:48:50: 4.9:48:50: 
spring 118 (9) :44:44:48:41:45: 
SllliDBr 49 : <10) :50:47:46:48: 
fall 57 : (11) :48:49:50: 

Thracian spring 269 : <12> :45:49: .. SlUDer 30 : <13} :49: 
fall 128 : <14> 

To illustrate the si•ilaritiea of the food habits of L.cavillone 
8.110ng season and geographical areas .... constructed a .. triz using the 
PIAIKA <1973> index. A value >30 is significant and ones >70 are consi
dered high <KEAST, 1978). The L.cavillone co..unities in Greek aeas 
showed a considerable degree of :food overlap <Table I I>. This is a re
flection of the dOBinance of JI)'Bids and decapods in its diet. The 
greatest dietary overlap occurred between Pagaseitikoa and Thracian Sea 
during spring and Bu..!r. In addition, only three code-pairs had over
lap value <30. This is attributed to feeding priority fro• .yaids in 
the Thracian Sea during smmer. 
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V-1114 
Relations masse-longueur, sex-ratio et reproduction 

(salson de ponte, tecondltes) de Sardlnella aurlta 
(Val. 1847) des cOtes Oranalses (Algerie) 

A. BENSAHLA TALET*, Y. MORTET" et J.A. TOMASINI** 

• Laboratoire de Biologie Marine, Universit~ d'Oran, B.P. 16, Es Senia, W-Oran {Aig~rie) 
•• Laboratoire d'lchthyologie, U.S.T.L., 34060 Montpellier Cedex {France) 

~: La periode de reproduction de l'allache de la region 
oranaise se deroule de juillet a septembre. Durant cette 
periode le pourcentage des femelles est superieur a celui des 
m§.les. La fecondite absolue, tres variable , augmente avec la 
masse et la taille du poisson. La fecondite relative, 
egalement variable, a des valeurs voisines de celles fournies 
pour d' aut res secte~J.rs medi terraneens. 

D' octobre 1985 a octobre 1986 nous avons etudie la 
biometrie, le cycle sexuel et la fecondit~ de Sardinella 
~ exploitee sur les c5tes oranaises. 797 femelles et 555 
mll.les ont ete echantillonnes. 

Apres ouverture de la cavite abdominale, le sexe des 
poissons est determine et pour chacun d' eux les parametres 
suivants sont evalues : longueur totale (LT) et longueur a la 
fourche {LF) au millimetre pres, masse des poissons. (M) a 0, 1 
g. pres, masse des gonades ( Mg) au mi 11 igramme pres. 

Pour l'etude de la reproduction, nous n'avons considere 
que les femelles. Les ovaires sont peses et leur stade de 
maturi te determine selon 1' echelle de FONTANA ( 1969). Les 
gonades selectionnees sont mises soi t entierement dans du 
liquide de Gilson pour etude de la fecondite (ovaires de 
stade IV), soit dans du Bouin alcoolique pour etude 
histologique. 

RESULTATS 

Les relations masse-taille des femelles ( 141mm~LT{310mm, 
125~LF~292mm, 17,0g.~~254,0g. ) sont les suivantes : 

M = 2, 477. 1o-.. LF·"'7
"" r= 0, 990 

M = 2, 974. 1o-"' LT"'· ... ., r= 0, 988 
Le sex-ratio annuel est voisin de l'unite pour les 

individus (. 180mm et, pour ceux de plus grande taille, on 
constate une legere dominar,ce des femelles (55, 9%) qui 
augmente avec la taille, du mains jusqu'a LF = 230mm(au 
del a, l' effect if tra:!:te est trop faible pour confirmer cette 
tendance). Durant la saison de reproduction qui s'etend de 
juillet a septembre, au moment des maxima thermiques, avec une 
ponte maximale en aoat et septembre, cette superiorite 
numerique des femelles est plus marquee (59, 5%). 

La fecondite absolue (F) est tres variable : 26000 a 
216000 oeufs, et augmente avec la taille et la masse des 
poissons 

F = 585,8 M- 7115,7 r = 0,951 
F = 1149,7 LF- 180171,1 r = 0,913 

La fecondite relative oscille entre 246 et 933 oeufs/g. 
de poisson non eviscere. 

Les femelles ayant des gonades de stade IV sont rares 
dans les echantillons. Ceci pourrait 1ltre dQ soit a la 
fugacite de ce stade, soit au fait qu'elles restent hers de 
portee des engins de p@che au moment de la ponte. 

DISCUSSION 
Les resultats concernant le sex-ratio sont conformes 

a ceux de DIEUZEIDE et ROLAND ( 1957) en Algerie et de KART AS 
(1981) en Tunisia. Il est voisin de l'unite et le pourcentage 
de femelles augmente avec la taille. 

La peri ode de reproduction est tout a fait ou a un mois 
pres semblable a celle enregistree dans de nombreuses regions 
mediterraneennes, elle correspond au moment ou les eaux sont 
a leur maximum thermique ( Algerie : BOUNHIOL, 1921; 
DIEUZEIDE et ROLAND, 1957; Tunisie : KART AS, 1981; Baleares : 
NAVARRO, 1927; ANDREU et RODRIGUEZ-RODA, 1951; Golfe du Lion: 
LEE, 1961; mer Egee : ANANIADE, 1952). Dans les ovaires mars 
de l'allache d'Oran, on ne trouve, en plus du stock general, 
qu' un seul lot d' ovocytes. Done, comme dans d' aut res secteurs 
mediterraneens et contrairement a 1' Atlantique, la ponte 
s'effectuerait en une seule emission d'ovocytes. Le diametre 
des oeufs de ce lot varie entre 250 et 650 fm avec un mode a 
470 ym. En Tunisie (KARTAS, 1981), il est compris entre 100 
et 850 ym avec un mode a 500Jilll. 

Les valeurs des fecondites absolues trouvees a Oran sent 
voisines de celles de Tunisie (KARTAS, 1981) ou elles sont 
comprises entre 37000 et 220000 ovocytes. Par centre les 
fecondites relatives de l'ouest algerien semblent plus 
faibles qu'en Tunisia ou elles oscillent entre 1260 et 1670 
ovocytes/g. de poisson plein pour des femelles de 25 a 120g. 
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V-1115 

Etude comparative de Ia relation taille-polds de Ia Bogue : 
Boops boops (Linne, 1758), Poisson Teleosteen Sparldae 

des cotes Tunlsiennes (Mediterranee occidentale) 
et Beninolses (Atlantique oriental) 

Comlanvi Basile ANA TO' et Mohamed Hedi KTARI .. 

• Faculte des Sciences et Techniques (Zoologie), B.P. 526, Cotonou (Benin) 
•• Faculte des Sciences, 1060 Tunis (Tunisie) 

INTRODUCTION 
La bogue est generaiement capt\de sur lea c8tes tunisiennes et be

ninoises presqu•aux memes pro:fondeurs {50 a 100 m et par:t'ois plus); mais, 
la temperature (T°C) et la sal:!.n:!.te {S~) au n:!.veau des l:!.eux de capture 
d:!.:f:ferent notab1ement, so:!.t 1 eaux relativement :froides et plus salees 
dans le goli'e de Tunis {14°4~T0 ~16°C et .)6,7~5%.."'37,6\llo; AZOUZ 1974); 
eaux chs.udes et moine salees dans le. gol:fe du Benin { 16°<: T0 ~ 18°0 et 
.35• 7~Sl{., -E;36~, communication personnelle), ce qui peut influencer la 
physiologie de ce poisson. 

JIETHODES fE . .TUDE 
Lea equations de la relation tai le-poids des bogues echantillonnees 

(262 poissons dans le golfe de Tunis et 176 dans celui du Benin) ont ete 
etablies par la methode des moindres rectangles coni"onnement a la fonnule 
log.We=n.logLst+log.a {We; poids eviscere en g, Let; longueur standard en 
em, n; coefficient d'allometrie ou taux de croissance et "a"; une constan
te).. 

J.lAYRAT, A. - 1959 -Nouvelle methode pour l'etude comparee d'une crois
sance relative dans deux echantillons. 
Application a la carapace de :Penaeus kerathurus (FORSKAL). 
Bull. I.F.A.N., A, 21 (1) : 21-$9. 

~ 
effec ~a~ poids 

s log. Wecn.log Jst,t. Jo ea r Sdy Sdx _tif 
~encl l:llllito.s tpe tpo 

z Ill> eng) 

goli'e/Tunie log '(i,c2jB74Jq;lst-\6156 0,9932 0,0252 O,CXll7 262 8-22 11-176 ~~~ 2,\b 

goli'e/Beni.n flog~Ve:J,D21J log 1st-1,7943 p,9491 O,OJ.39 0,0112 176 
(+) 

11-17 22-84 

·~ 5'"' 
~~ 

"' 
~: .,. .... 

1st 8 10 12 14 16 18 20 21,61 22 

T~s 9,81 8,70 p1,65 49,40 72/>4 tt,\b 1.38,.35 17.3,01 1<2,18 

-~ 8,59 16,86 29,26 46,61 69,78 .99,60 1.36,9.3 17.3,01 182,62 

*We 1,22 1,84 2~9 2, 79 2,86 2,46 1,42 o,oo - '*We c 2,14 

~ : Equations de la relation taille-poide avec comparaison des 
pentea (tpe), des positions (tpo) des AliR et valeurs estimees 
du poida eviacere (We en g) des bogues des golfes de TUNIS 
et du BENIN; =F We et 4= We: Differences en poids et la moyenne. 

Lee pentes et lea positions des axes majeure reduits (A • .M.R) ont ete 

~~~im~!e~~e~~p~~ m!tf~d~af:u~~ ~~ 1~~!~r~! i:s s~~i!!c~!ig¥t4~ih ;e=~~t 
un coefficient de securite egal a 95%. 

RESULTATS ET TiiTERl'RETATIONS 
L'analyse des equations de la reiat~on taille-poids des bogues etu

diees revi:lle ce qui suit (Tabl.1; Fig.1) : 
- lee valeurs du coefficient de co=elation "r" dans lee deux cas 

(gol:fes de Tunis et du Benin) sont proches de l'unite, so it respectivement 
0, ~982 et o, 9491 done superieures a o, 70; ce qui attests la valid:!.te des 
ajustements realises; 

- lea droites representatives des equations ne presentent pas une d:!.:f
ference de pente significative (tpe=1, 70; securite comprise entre ~o et 
~5%); mais leur difference de position est assez significative (tpo=2,06; 
securite comprise entre 95 et ~8%). 

Cette difference de position des A • .M.R.se traduit, en effet, par une 
difference de poids de 02,14 g en moyenne en faveur des bogues des cotes 
tunisiennes a tailles egales avec celles des cotes beninoises et c 'est 
seulement a 21,61 em (Let) que lea echantillons provenant des deux golfes 
ont le meme poids soit We=1l3,01 g. 

looWe 
" 

2,24 -------------------C------------------------1. ,.: 
/! ,. : 

~ : 
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~· : 
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/.· : 

~~··· i 
I' ' 

,~.... ! ,.. : 
,/./ ! 
,; i 

/~/ ! 
/.' : 
~/ i 

1,6 

1,5 

L ____ i loolst 
1,1 p 1,33 

fig.1: Droites representatives des equations 
de la relation taille-poids (A.Ili.R.) 

~td~o~ENn/(.:.?.~:~~s de TUNIS (---) 

-CONCLUSION-
Il ressort de cette etude comparative de la relation taille-poids des 

bogues echantillonnees que les differences de' conditions ecologiques peu
vent avoir un impact sur la physiologie de cette espece. De.ns lea limites 
de tail1es et de poidi! des specimens etudies, nous pouvons dire que l'evo
lution ponderale de ce poisson est meilleure sur lea cotes tunisiennes 
que sur lee cotes beninoises. 
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V-III6 
Croissance llnealre absolue des Rascasses 

(Scorpaena porcus et S. scrotal du golfe de Gabes (Tunlsie) 

Mad Nejmeddine BRADAI" at Abderrahmen BOUAIN'" 

• lnstitut National Scientifique at Technique d'Oceanographie at de Pllche (Annexa de Sfax), 
3029 Sfax (Tunisia) 

•• Econe Nationale d'lngenieurs, 3038 Sfax (Tunisia) 

ABSTRACT : The age and growth ot the scarp i on-t ish (Soorpena porous and 
s.sorofaT"Ti"Vifi9 in the gulf of Gabes have been studied by the seal irnetric method 
and the theor i ca I growth equations ca I cuI ated. 

RESUME : i<ous avons etudie Ia croissance I ineaire en fonction de I 'age par 
seal imetrie, chez Soorpena porous et s. sorofa du golfa de Gabes. 

ESTIMATION DE L'AGE : D'apres I 'obsarvation des ecai lies, les stries d'ar
ret de croissance appara i ssent pr inc i paIement en Novemb re pour I es deux especes. 
La ponte a lieu entre Juin et Aout pours. porous et entre Juillet et Septembre pour 
s. sorofa, ce yui nous a permis d'etablir !'age approximatit des rascasses a !'ap
parition de chaque anneau d 1 arret de croissance (tab I. 1 l. 

Anneaux 

Age (moisl 14-17 26-29 38-41 50 - 53 62-65 74-77 86-89 9>3-101 

S.scrofa 70,03 100,08 131-32 152,38 170,83 195,23 213,35 231,67 
23 

m§!es 65,65 96,22 124,41 150,41 174,38 196,49 216,88 235,68 

s.scrofa. 62,90 91,34 127,18 148, 13 161,22 179,47 
31 

feme lies 52,32 89,67 117,66 137,38 167,28 189,23 

Age (moisl 15-18 27-30 39-42 51-54 63-66 75-78 

S. porcus 71,00 95,92 117,39 131,62 140,87 154,39 
148 

femelles 69,86 

S. porcus 64,40 

m§!es 65,04 

Tableau n° I : 

93,60 113,57 130,37 144,50 156,38 

85,42 104,22 i 17,40 
48 

ao,04 103,27 117,40 

et tai lie (Lst en mml calculee par seal imetrie ~og Lst " 
log RJ (Alet a partir du modele de Von BERTALANFFY (8) 

: Effectif. 

CROISSANCE LINEA IRE : Les equations de regression reI i ant I a I ongueu r stan
dard du poisson (Lst en mm) au rayon total de I 'ecai lie (R en mml figurent dans le 
tableau n° 2. 

A partir de ces equations nous avons ca I cuI e I a ta i I I e des poi ssons a I 'ap
parition de chaque anneau d'arret de croissance (table. ll. 

t40DELE THEORIQUE DE LA CROISSANCE : Pour etabl ir les parametres de I 'equa
tion theorique de Von GERTALANFFY, nous avons pris en consideration I 'age minimum 
estime (tab!. 1l a I 'apparition de chaque anneau de croissance. Ces parametres 
f igurent dans I e tab I eau n° 3. 

Especes Equations Sdx Sdy 

s. porousO' Log Lst = 0, 642 log R • 4,335 58 0,865 o, 109 0,081 
s. porous~ Log Lst = 0, 663 I og R • 4,386 211 0, 793 0,101 0,085 
S. sorofaa" Log Lst = 0, 907 log R + 3,850 46 0,937 0,075 0,072 
s. scrota~ Log Lst = 0, 967 log R + 3, 754 41 0, 936 0,064 0,066 

Tableau n° 2: Relation log Lst = t (log Rl,; n effectif; r: coefficient 

Especes 

s. porousd' 
s. porous!j!, 
S. sorofai:i' 
s. scrota~ 

de correlation ; Sdx et Sdy erreurs standards d'estimation. 

Lst = (mml to (ansl 

181 '95 0,198 - 0, 984 
219,31 o, 173 - o, 967 
458' 53 0,081 - 0, 741 
449,41 0,081 - 0,671 

Tableau n° 3 Parametres de I 'equation theorique de Von BERTALANFFY des 
rascasses du go I fe de Gabes. 

Discussion Les valeurs des longueurs standards theoriques en fonction de 
I 'age (modele de Von BERTALANFFYl (tab. 1 l sont tres proches de celles obtenues par 
le calcul retrospectif , done ce modele s'appl ique a Ia croissance des rascasses. 

- Les feme II es de s. porcus grand i ssent pI us vi te que I es m51 es, a I ors 
que chez s. sorofa on note le phenomene inverse. (Tabl. 1; Fig. 1). 

-A partir de Ia troisieme annee de vies. sorofa croit plus vite que 
S. porous (tabl. 1 ; Fig. 1). 

Figure 1~ 0 1 

lst(mm) 

20 

100 S. scrofa cl' 
~: ;~~!:~~ 
s. porcus fiC 

Croissance I ineaire absolue en fonction de 1 'age (modele 
de Von BERTAfjFFY) des rascasses du go I fe de Gabes. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

V-III7 
Growth rate of Gllthead Bream Sparus aurata L 

Elham A. WASSEF 

National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

AB.S'TRACT 
Growth rates of the gilthead bream Sparus aurata L. in its natural habi

tat (Egyptian Mediterranean waters) have been determined,Absolute grow
th, annual increment and percentage annual gain (in length as well as :in 

weight) were estimated from scale readings,The regression equation rep!'
esenting fish length I scale radius relationship is given.A length I 
weight formula is also derived,Maximum expected length (L .,o) and weight 
( W .,o) were computed adopting Bertalamffy 1 s growth equation. 

Age Av. total lengtli(cm) Annual 
(yr) at calc. theor. increm. 

ca ture 

Av. total weight(g) Annual 
calc. theor. increm. 

l 23.7 17.4 17 • .5 17.4 66.6 67.4 66.6 
2 29.0 27.3 26.8 9.9 262.3 269 • .5 19.5.7 
3 3.5.1 34 • .1 34.1 6.8 537.1 .592.2 271t.8 
4 lt2.7 39.7 40.2 5.6 906.1 986.1 369.0 
5 lt6.7 4.5.1 44.8 5.1t 1360.3 1403.7 '+.54.2 

Table (1)- Comparison between calculated (sum of average increment) and 

FIGURES 

-

.. 

theroretical (Bertalamffy 's equation) lengths and weights at 
different years of life of gilthead bream Sparus ~. 

\ 
\ 

4-<Jbsolutr qrowth 

B---incr~ment 

C-·-l'"t.'lolltiv~ growth 

\ Fig (1 )-Growtth in length with 

\ age of Sparus aurata. 
\..., ., 

' .... ,, ·....,_·-·-·-·-·-·-tCJ 
""'- ... ___________ ,81 

tCl---re'tative' growth 
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V-Ilis 

Growth of Poor Cod Tr!sooterus mlnutus capelanus 
(Lacepede) (Pisces, Gadidae) In the Central Adriatic Sea 

Gianfranco GIANNETTI and Maria Emilia GRAMITTO 

lstituto di Ricerche sulla Pesca Marittima, C.N.R., Ancona (ltalia) 

The poor cod (Trisopterus minutus capelanus) is a very conrnon species in 
the Central Adriatic Sea, living on soft bottoms at depths ranging from 40 
to 250 m, and it is actively exploited by bottom trawlers. 
In spite of its corrrnercial importance, data on biology of the species in 
this area were supported only by Froglia ( 1981) . 
To investigate on age and grcwth of Trisopterus minutus capelanus otoliths 
(Sagitta) from 747 specimens, ranging between 3 and 25 em of total length, 
were collected during trawl fishery investigations in 1986 and 1987 in a 
coastal area 15 miles NNW of Ancona at 50-55 m depth. 
Fish total length was recorded to the centimeter below, weight to the 0.1 

gram. 
Specimens were sexed by macroscopical observation of gonads, but especially 
in surrrner samples the youngest immature specimens born in the same year 
could not be sexed without gonad sectioning, and were recorded as 
"indeterminate". 
To determinate age, we used thin otolith sections (0.25-0.40 mm thickness), 
obtained with the "thin cross section technique" (see GFCM, 1982), placed 
in ethanol 75% and examined under reflected light with a stereomicroscope 
by both authors. Unreadible otoliths and discordant readings were 
discarded. Finally 639 otolith readings were retained for length-age 
computations. 
The rings pattern (altemance of op:.que and hyaline zones) was find to be 
the classic one of cold-temperate species. 
In the Medi terraneart Sea sexual maturity is reached at the end of the first 
year of life; ripe females are found from January to early May and probably 
the species is a partial spawner (Vives and Suau, 1956; Froglia, 1981). 
CMing to this, conventional birthday was allocated at the first of January. 
Age was computed in months. 
Parameters of the von Bertalanffy growth equation were computed separately 
for the two sexes, using the program VONBER by K.R. Allen (Sims, 1985). 
The young specimens (n ~ 93) up to a size of 12 em T.L. which could not be 
sexed were used in computing both the equations (Tab. 1). 

Tab. 1 - Parameters (with 95% confidence limits) of the von Bertalanffy 
growth equations obtained for males and females ofT. m. capelanus. 

SEX L"' (em) 

if 23.59 ( ±1. 73) 0.0387 

Q 24.72 (±1.00) 0.0668 

30 Length (em) 

25 

20 

15 

10 

5 

0 0 12 24 

(±O. 0065) 

(±0.0074) 

36 

t 0 (months) 

-4.778 (± 1.165) 

-0.348 (±0.594) 

210+93 

336+93 

Age (months) 

48 60 72 

Fig. 1 - Von Berta 1 anffy growth curves and experiment a 1 average 1 ength/age 
values for males ( 0} and females ( 0) of Trisopterus minutus 
capelanus in the Adriatic Sea. 

A significative difference in growth rate between males and females can be 
noted (Fig. 1); at the same age females attain a larger size than males. 
CUr data show a faster growth compared with that of the nominal species 
reported by Menon ( 1950) for the Plymouth area, while are in good agreement 
with those given for the Mediterranean Sea (Vives and Suau, 1956; Froglia 
and Zoppini, 1981). 
Finally the length-weight relationship was computed as G.M. Functional 
Regression for the two sexes separately: 

MALES W ~ 0.005986 L 3.186 FEMALES W = 0.005098 L 3.265 

\>.here W is weight in grams and L is total length in centimeters. 

V-II19 
Age and growth of Anchovy, Engraulls encraslcolus (L.) 

In the Middle Adriatic 

Gorenka SINOVCIC 

Institute of Oceanography and Fisheries, Split (Yugoslavia} 

INTRODUCTION 

Anchovy, Engraulis encrasicolus (L.) are rather widely distributed in the 

Adriatic and play an important role in Yugoslav commercial fisheries. The knowledge 

of growth parameters are of utmost importance in biology and fisheries studies. 

Nevertheless, growth parameters of the anchovy from the Adriatic has not been 

studied at all. Hence, the present paper deals with anchovy growth parameters. 

MATERIAL AND METHODS 

Anchovy data were collected between April and December 1979. from Kastela Bay 

(inshore waters) and from the region of Vis and Bisevo Islands (offshore waters). 

A total of 1510 individuals were examined. Data on anchovy length reffering to their 

total length are expressed in centimetres. Age of anchovy was studied by sagitta 

readings. 

RESULTS 

Anchovy specimens ranged from 7.0 to 19.0 em. in total length. Four age classes 

were found. 

Values of growth parameters were obtained from mean anchovy lenths at a defined 

age class .Mean lengths as well as length range in each age class for males, females 

and combined sexes for anchovy in the middle Adriatic are presented in table 1. 

Table 1. Number of fish sample size (n) and their mean length (x
1

) ± standard 
deviation in centimetres as well as length range in each age class for 
males, females and combined sexes for anchovy in the middle Adriatic in 
1979. 

Age M~le. Fe~ale Comb;!;ned sexes Length range 
class X X X (em) 

25 11.8 ± 0.90 65 12.4 ± 0.56 90 11.9 ± 0.98 10.2- 14.1 

310 14.7±0.26 295 15.2 ± 0.27 605 14.8 ± 0.28 11.8 - 16.7 

215 16.5 ± 0.32 540 17.0 ± 0.33 755 16.8 ± 0.36 13.1- 17.7 

5 17.3 ± 0.95 55 17.8 ± 0.34 60 17.6 ± 0.97 16.8- 18.4 

Total 555 955 1 510 

Calculated growth parameters for anchovy population from the middle Adriatic 

Male Female Combined sexes 

L~ = 18.6 em. 19.3 em. 19.4 em. 

K = 0.58 0.56 0.57 

t = -0.6 
0 

-0.7 -0.5 

According to these parameters, exponential growth equation for anchovy 

population in the middle Adriatic has this form, 

for male: 

\ = 18 • 6 [ l-e-0.58 (t + 0.6)] 

for female: 

\ ~ 19.3 [1-e-0.56 (t + 0.7) l 
and for combined sexes: 

\ = 19.4 ll-e -0.57 (t + 0.5) ] 

Growth rate varied with area as well 

as with sex. Namely, anchovy from Vis and 

Bisevo area grew faster than those from 

Kastela Bay. Males grew faster too 

(K = 0.58) but attain to lower asymptotic 

length (L~ = 18.6 em) than females 

(L,. ~ 19.3 em). 

' .. ------:~-.:--,---,----
4toly .. nl 
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V-I12o 
Parametres de croissance de Sardina pllchardus 

(Walbaum, 1792}, de Ia bale de Beni-Saf (Algerie} 

J.-L. BOUCHEREAU' et M. GHAZI .. 

• Laboratoire d'lchthyologie et de Parasitologie Generale, U.S.T.L., Place E. Bataillon, 
34060 Montpellier Cedex (France) 

.. Station de Recherche Appliquee, CERP de Beni-Saf, B.P. 256, 13000 Beni-Saf (Algerie) 

SUMMARY Growth of Sardina pi lchardus of Beni-Saf has been 
studied by scales reading of 212 specimens sampled from april to end 
of june 1986, (fork-length: 63 to 171 mm). A sexual dimorphism during 
t.he growth has been found in favor of females. Parameters of the VOt\ 
BERTALANFFY growth equation are given. 

Dans 1' ouest du pays , Sardina pilchardus pond de la 
mi-novembre a la fin fevrier, debut mars, selon 1' annee. La maturite 
sexuelle est atteinte pour une longueur a la fourche LF(50%) de 111 
mm, (BOUCHEREAU, 1981). 

Les poissons echantillonnes du 20 avril au 26 juin 
1986 ont ete sexes et ranges par classe de taille d'un demi-c:ent.imetre 
( LF: 6,0 a 17,0 em). Trois a six ecailles intactes, par specimen, ont 
ete pre levees a l' aplomb de la nageoire dorsal e. Ces ecailles ont ete 
examinees 8. plusieurs reprises par les deux auteurs. Quand les 
ecailles prelevees sur .un meme poisson ne presentaient pas la meme 
allure ou etaient illisibles, nous les avons rejetees. Finalement, les 
lectures d'ecailles de 212 individus sur 242 ont ete retenues (tab 1): 
57 males (M), 72 femelles (F) et 81 juveniles (J). Les donnees des 
juveniles ont ete cumulees tour a tour avec celles des males puis 
celles des femelles. Les poissons ont ete peses au dixieme de gramme; 
les ·longueurs totale (LT) et a la fourche (LF) ont ete mesurees au 
millimetre inferieur pour le calcul des relations LT-LF et 
masse-taille. 

La relation LT-LF pour les deux sexes confondus, est : 
LT = 1,115.LF- 1,542; n = 238; r = 0,99; 62 mm < LF < 172 mm 

con~~!~~=~i~~/~~i:~e 1~ ~o~~~;"r, (~~~c a: la masse (M), les deux sexes 

a= 1,154.10-•; b = 3,434; r = 0,99; n = 238; 1 ~ M (g)< 53 
Sur les ecailles de Sardina pilchardus de Beni-Saf, apparaissent 

saisonnierement des anneaux de ralentissement de croissance tres nets, 
en accord avec ceux decri ts en Med i terranee occidentale pour cette 
espece. Ces anneaux sont mieux marques et plus lisibles dans la region 
de Beni-Saf que dans celle d'Oran (BOUCHEREAU, 1981). 

Fin avril, debut mai 1986. la reprise de croissance se manifeste 
par un net. accroissement marginal de l ·' ecai lle, principalement chez 
les juveniles. 

Les parametres de la courbe de croissance de VON BERTALANFFY ont 
ete calcules par la methode de TOMLINSON et ABRAMSON ( 1961 J: 

m1l.les : LF(](l = 176 mm; K = 0,258; to= -2,00, 
femelles : LFoo = 199 mm ; K = 0, 191 ; to = -2, 34 , 

sexes confondus : LFoo = 187 mm ; K = 0, 225 ; to = -2,09 . 
Il existe une difference significative entre les courbes de 

croissance des males et des femelles. A partir de la cinquieme annee; 
les femelles atteignent une plus grande taille que les males (tab 2). 
Le plus vieux male et les plus vieilles femelles capturees ont 7 ans 
et respecti vement 166 et 171 mm de LF. Nous n' avons pas recol te 

Ans : 1 2 3 4 5 6 7 
:LF mm: M J F: M J F: M J F: M J F: M F: M F: M F: 

60 1 
70 3 3: 
75 1 3 7: 
80 2 11 15: 
85 :15 7 10: 
90 :10 10 14: 2: 
95 :10 13 15: 2: 

100 8 9 4: 8 9: 
105 7 21 2:10 18: 
110 1 3 1: 14 16: 2: 
115 3 :13 13: 5 1 10: 1 
120 6 7:12 10: 
125 1: 4 4:16 15: 1 4: 
130 1 1: 9 12: 6 7: 
135 8 11:16 14: 1: 
140 2 4:23 19: 4 7: 
145 1 1: 5 13:15 11: 1: 
150 3 3: 6 10: 2: 
155 1 6: 7: 
160 1: 2: 1: 
165 2: 2: 
170 2: 

Tab 1-Resultats du retrocalcul par classe de taille et selon le sexe. 

Ans : 1 2 3 4 5 6 7 
n : 139 68 57 55 29 10 3 
LFd": 95,69: 112,60: 127' 7,2: 139,66: 147' 60: 154, 61: 156,66: 

(J" 10,11: 6, 29: 7' 33: 5, 96: 4,00: 3, 20: 4,06: 
LFc : 95,1 : 113,6 : 127,9 : 139,0 : 147' 6 : 154,2 : 159,3 : 
n 153 63 67 61 36 14 5 
LF~: 93,65: 112,60: 126,47: 140,03: 149,06: 157,74: 166,93: 

(J" 10,75: 8, 63: 7, 65: 6,34: 5, 54: 5, 27: 3,63: 
LFc 94,0 : 112,3 : 127,4 : 139,9 : 150,2 : 158,7 : 165,7 : 
n 210 141 122 115 65 24 6 
LFt 93,72: 112,66: 126,25: 140,09: 146,51: 156, 44: 163,64: 

(J" 10,34: 6, 51: 7,46: 6,03: 6, 79: 4, 61 : 5,52: 
LFte: 93,6 : 112,7 : 127,7 : 139,7 : 149,3 : 157,0 : 163,1 : 

Tab 2-Moyennes des longueurs individuelles observees (LF) et calculees 
(LFc), selon le sexe et pour l 'ensemble des individus (LFt.c). 

d' adul tes plus grands et plus 8ges au cours de la periode 
d'echantillonnage. Nos resultats montrent que S. pilchardus de 
Beni-Saf a un taux de croissance assez voisin de ceux de la sardJ.ne de 
lamer d'Alboran (LARRANETA,1979;BIAZ et RAMI 1978;BOUCHEREAU,1961). 
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V-I121 
Age et croissance de Plat!chthys flesus Linne, 1758 

dans le golfe du Lion {Medlterranee) 

R. VIANET et J.P. QUIGNARD 

Laboratoire d'lchthyologie, U.S.T.L., 34060 Montpellier Cedex (France) 

Abstract : 
~nd growth of Platiahthys flesus living in the gulf of Lion have been studied, 
periodicity of growth rings in the otoliths determined and the theorical growth equa
tion calculated. The results have been compared with those obtained by other authors 
in the Atlantic ocean and the Baltic sea. 

I/ Materiel et methode : L'etude porte sur 585 specimens dont la longueur totale 
(L) est comprise pour les mllles entre 50 et 340 mm et pour les femelles entre 50 et 
450 mm. Apres extraction, les otolithes (sagitta) ont €t€ observes a la loupe binocu
laire en lumiere r€fl€chie 1 immerges, in toto, dans du glycerol. Les anneaux opaques 
et hyaliens ont ete d€nombr€s. 

2/ Age : Le sui vi de l 'evolution de la structure de l 'otolithe nous a perm is de de
terlii'i.Iler la chronologie d'apparition des anneaux hyalins et opaques. De Mai a Octo
bre la majorite (90%) des otolithes presente une zone marginale hyaline. De Decembre 
a Avril une zone opaque sucd\de progressivement a la zone hyaline (85% en Mars). Il 
se forme done, au cours d 'une annee, un anneau hyalin et un anneau opaque. No tons 
chez 35% des individus o+ la presence d 'un anneau opaque tres fin au milieu du pre
mier anneau hyalin. Cet anneau surnum€:raire se depose en Juin-Juillet, le poisson 
etant alors age de 4 a 5 mois. 

La ponte du flet d€butant dans le golfe du Lion des le mois de Janvier et se termi
nant en Mars, nous avons fix€ la date de naissance au ler F€vrier. La fonnation de 
1 'anneau opaque de la sagitta coincide done assez bien avec la p€riode de ponte. La 
date de capture €tant connue, le d€nombrement des anneaux opaques permet de donner 
l •age des individus €tudi€s au mois pres. 

Les femelles observ€:es €taient §'gees de 3 a 84 rnois et les males de 3 a 60 mois. 

3/ Croissance : La croissance en longueur et en masse pour les 12 premiers mois de 
vie, ont ete decrites par QUIGNARD et al (1984). Nous donnons ci-apres les equations 
concernant des individus ages de 5 a 84 mois. 

a) relations age (ten annee et 1/12 d'annee) - Longueur totale (Len nnn) 

mllles :(5-60 .mois) L = 304,52 (1-e-0,99 (t+0,037)) 

femelles : (5-84 mois) L = 386,85 (1-e -O, 70 (t+O,OI5)) 

m. +f. : L = 380,76 (1-e-0,44 (t+0,64 )) 

b) relations masse brute 

mllles : W = 6,45 x 10-6 

femelles : W = 4,36 x 10-6 

m. + f. : W = 8,58 x 10-6 

(W en g) - taille (L en mm) 

L
3

•
10 

r = 0,99 

L
3

' 
19 

r = 0,99 

L 
3 

'
05 

r = 0, 98 

- coef. de correlation (r) 

4/ Comparaison avec les populations de 1 'Atlantique et de la Baltique 

La periode de formation des anneaux opaques et hyalins est decalee du golfe du 
Lion a la Manche, mer du Nord et Baltique. Dans cette derniere mer (Draganik et Kuc
z~ki, 1984) connne dans d'autres secteurs de l'Atlantique Nord-Est (Hartley, 1940; 
L1llelund, 1961; Deniel, 1981), l' anneau opaque se forme en ete alors que dans le 
golfe du Lion il apparait en hiver. 

La croissance des o+ est meilleure dans les lagunes mediterraneennes (Quignard et 
al., I ?84) qu 'en Atlantique (Deniel, 1981) et que dans la Bal tique (Lillelund, 1961; 
Dragan1k et Kuczynski, 1984). En effet, a l 'age de un an les flets mesurent 
L = 197 mm en Mediterranee centre seulement L = 140 mm dans l'Atlantique. Le taux de 
croissance lin€:aire est €leve dans tous les secteurs jusqu' a 2 ans puis il diminue 
rapidement. Cette diminution est plus importante dans le golfe du Lion qu'en Atlanti
que et Bal tique. 
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Observations sur Ia determination de I'Age 
du Chlnchard de Ia Medlterranee dans I'Adrlatlque moyenne 

Veronica ALEGRIA HERNANDEZ 

lnstitut d'Oceanographie et de PAche, Split (Yougoslavie) 

Cette 8tude preliminaire fait partie d'un travail plus vaste sur la biologie 
de 1' espece Trachurus rnediterraneus rnediterraneus (Steindachner,. 1868) en 
Adriatique. Ces observations ont pour but de trouver une m€:thode eprouve""e pour la 
d€termination de l 'B..ge .. Ces ages vont ~tre employes pour determiner les param8tres 
de croissance et de mortalit~ de la population de cette espece. 

Les Efchantillons proviennent de la p~che commerciale. Les premiers echantil
lonnages furent realises a la fin de l'ete et au commencement de l'automne 1986, 
c'est-5-dire, quand la periode du frai etait deja terminee. Les autres echantil
lonnages ont ete recueillis vers la fin de l'hiver, quand se termine la p€riode 
de repos sexual. La longueur relevee est la longueur total. L I age et 1' age
-longueur ant ete determines par analyse de distribution de fre'quences de 
longueur, de la lecture des otolithes et de 1 'otoli thometrie. 

D 1 apres des donees de la distribution des fr€quences de taille, prises au 
commencement de 1' automne, il existe une certaine superposition. des groupes de 
taille. Seul un groupe se distingue vers le mode 200 mm (L = 202,85, s = 2.921). 
Les donees correspondant h la fin de 1 'hi ver ont donn~ de rneilleurs re'sul tats: 

Groupe d' S:ge 

Longueur moyene 
Ecart-type 

l+ 

188.33 
3.819 

2+ 

212.74 
4.238 

3+ 

236.82 
1.962 

Les zones hyalines se ferment vers la fin de 1 1 hiver et les opaques en 4t~. 
Le rayon de l'otoJ-ithe est mesur€: du centre·dU nucleus au bord posterior de chaque 
zone hyaline. Les poissons p~che"s au commencement de 1' automne montraient des zones 
opaques au bard des otolithes .. On leur a assign€ l''age den ans, oU nest le nornbre 
de zones hyalines totales quand une zone opaque est sur les bards .. On a assigne" 
n+ ans aux otolithes recueillis vers la fin de l'hiver. La figure l montre la 
frequence de longueur-8.ge obtenue. 

La longueur moyenne du rayon des otolithes a l!tl! calculee. La longueur 
moyenne theoritique pour chaque 'a'ge a ~t~ evalu~e au moyen du retrocalcul. On les 
a compar~ aux valeurs des tailles observees: 

Longueur Taille moxenne Ratio 
Age moyenne observee retrocalculee rayon/taille 

du ra on X 104 
l+ 60 2.812 0.181 188.27 12.714 183.76 149 

95 2.968 0.175 200.80 12.012 199.27 148 
2+ 53 3.230 0.097 217.37 6.489 223.65 149 

39 3.375 0.126 230.32 8.233 236.16 147 
3+ 35 3.465 0.124 237.14 4.403 243.75 144 

16 3.594 0.093 252.64 6.495 254.22 142 
4+ 12 3.642 0.132 264.09 4.957 258.61 135 

5 3. 750 0.115 270.33 2.824 267.26 139 

On a estim€ la taille du poisson au moment de la formation de la premi~re 
zone hyaline a 128 mm. La longueur moyenne du rayon a la premiere zone hyaline 
fait 2,345 mm. On trouve tr~s rarement des jeunes groupes d'S.ge dans des Peches 
commerciales. De m~me les groupes '<l.ges y sont faiblement repr~sent~s. La longueur 
maximale des Echantillons etait de 274 mm et 1 •age maxirnale etait de s ans. 

Fig. l. Polygones de fr~quences des longueurs et 1lge (LT = longueur totale) 

La taille maximale de !.mediterraneus dans l'Adriatique est de 40 em (MU~INIC, 
1986). Pendant les p~ches experimentales de 1969-1970 on a captur6 des individus 
de 39 em. Il est l!vident que l' accessibilit€ des poissons est differente selon 
l'~ge. 

En gent!ral, les r~sul tats obtenus S • accordent bien avec des valeurs 
longueur-~ge, determines pour 4 groups d'ige chez T. mediterraneus pris dans 
l' Adriatique en 1982. (ARNERI et TANGERINI,l983. ).DARDIGNAC (1963) a d~termine 
des valeurs longueur-age plus basses pour la population du Golfe du Lion. 
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V-1123 
Relationship between otolith to total lengths 

of Merlanglus merlangus euxlnus (Nordmann, 1840) 
In the Black Sea 

Biilent CIHANGIR* and Murat KAYA** 

• Dokuz Eyliil University, Institute of Marine Sciences and Technology, 
P.O.Box 478, 35213 lzmir (Turkey) 

•• Ege University, Research Center of Hydrobiology and Aquatic Products, Urla lzmir (Turkey) 

RESUME: Nous avons etudie la relation entre l'otolithe et 
la longueur totale de l'espece de Merlangius merlangus 
euxinus (Nordmann, 1840) qui a ete recoltee des cotes turques 
de la Mer Noire centrale. 

In this work, the species of Merlangius merlangus 
euxinus (Nordmann, 1840), from the central Black Sea of 
Turkish coast, was investigated to obtain the relationship 
between otolith and total lengths. 

Fish samples were collected during the cruises of 
Spring and Fall 1986 with R/V K. Piri Reis belonging to the 
Institute of Marine Sciences and Technology (izmir) using an 
otter trawl off the Turkish coast in the central Black Sea. 

300 fish were sorted according to their sex and their 
total lengths were measured up to the nearest milimeter 
accuracy. Both saccular otoliths ( sagi ttae) were extracted 
on board and stored in the paper envelopes for laboratory 
measurements and age determinations. Sagittae were measured 
through the anterior-posterior with a micrometric binocular 
and milimetric scale. 

This relationship between otolith and total lengths 
of a fish is useful for two reasons (Echeverria, 1987). 

- Fish size can be estimated from otolith lengths measured 
from otoliths encountered in predator stomachs, etc. 

- The length of a fish can be verified when the age 
determined from the otolith lies outside expected values. It 
can be extrapolated from otolith length. Growth rate could 
also be determined (Spartt, 1975). 

Linear regressions (Ricker, 1973) were run on total 
length versus otolith length for 300 fish. 

l40 TbUL£ 

3lO ¥•15 • .l73ohl8.~1l 

r• ...... l 
,..12.2<126•10.<1736" 
r•.ij!Olt 

OTOUTH LENGTH (mm} 010\.ITH LENGTH {mm) 

Fig. Otolith - Total length linear regressions for female 
and male. 

Regression equation for female is 
Y= 15.3734 + 18.3050 x 
r= 0.9441 

Standart error of coefficient 
Regression equation for male is 

Y= 12.2426 + 18.4736 X 

r= 0.9208 
Standart error of coefficient 

0.4683 

0.7526 
Where x= Otolith length, andy= total length and 
r= corelation coefficient. 

There is no difference between the female and male 
sexes according to regression analysis results. The maximum 
otolith size was measured 18 mm for 330 mm female fish. 
Naturally, otolith lengths increase with total length. 
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V-II24 
The reproductive niche of an isolated population 

of the mesopelaglc Fish Maurolicus pennant! (Walb.) L TKN 

A. YANf\OPOULOS ard C. YANNOPOULOS 

Department of Zoology, University of Athens, Athens 15784 (Greece) 

An isolated population of the mesopelagic fish species Maurolicus pennanti 

has been detected because of its spawning activity. This population occupies the 

Western deep basin of the Saronikos Gulf, Aegean Sea. The reproduction takes place 

from Deaerriber to June, with a regular peak around Ma:rah. Four repr>oductive cycles 

have been observed, during the exploitation period and the maximum egg densities seem 

to vary, from year to year, oonsiaerably. This faot oouZd signifies that, either 

drastio alterations of the population size, take plaoe, or, the reproduotive niohe of 

the speoies, has not been adapted to t~e peouliar eiJl)ironmentaZ conditions of the basin. 

nus study has been based on zooplankton samples, collected with a WP-2 

nylon net, nesh size 0.24 nm, during 19 oceanographic carnpaignes in the Saronikos Gulf, 

Aegean Sea, fran December 1972 till March 1976. 

'lhe marine ecosystem of the Western basin presents several special features; 

an tmderwater ridge, at a depth varying fran 50 to 80 meters, forms this botmdary and 

keeps it isolated fran the rest of the Saronikos Gulf. In fact, this elevation, 

to;ether with the cluster of the surrounding islands, prevents the usual water 
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STATION 13 August 1969 

Fig. 1. (Yannopoulos et Yannopoulos, 1973) 

circulation. 'lhe flow levels 

are low and allrost close to 

zero, When the deeper layers 

of the basin are considered. 

A stagnant water rrass is 

present all year round, below 

the 350 meters approxi.nately. 

Another inportant factor is 

the low concentrations of the 

dissolved oxygen, close to the 

bottan layers of the main basin 

Where the maximum depth is 400 

meters. 'lhis decline is rrore 

severe during the Sumner period (fig. 1). PriiPary and secondary production presents 

very low values, in carparison with the other vicinities of the Saronikos Gulf, in 

spite of the higher armounts of nutrients, at the layers below 100 meters. 

In the main basin Where the maximum depth and the location of station A is, 

the eggs of Maurolicus pennanti have been obtained, on a regular basis, during the 

forer<a1tioned spawning period (fig. 2). 'lhis fact, to;ether with the simultaneous 

absence of Maurolicus pennanti eggs, fran the ·other stations, ll'OSt of the sanpling 

periods, When reproduction occurs, signifies that the main reproduction site is the 

one of station A, even if the nurrbers of the eggs deposited are not very high. 

During January and Decenber 1973, an extrerrely high abundance of Maurolicus 

pennanti eggs has been 
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observed, but their presence 

do not coincide with the 

vicinity of the main basin. 

In these two cases, the eggs 

of M. pennanti are scattered 

at considerable distances 

fran A station. 

Figure 3, presents the 

distribution and abundance 

of Maurolicus pennanti eggs 

duril)g January 1973. It is 

difficult to understand the 

appearance of M. pennanti 

eggs, in such densities, at the Eastern Saronikos Gulf. These eggs must have been 

deposited there, as it canes fran the study of the enbryonic stages. Fran the sane 

figure, the distribution and abundance of M. pennanti eggs, during December 1973 is 

given; the egg displacerrent tcwards the northern direction is clear. 'lhe possible 

Fig. 3 

eJq>l.anatioo for these egg distributions out of the boundary of the basin, may be that 

either M. pennanti performs small scale spawning migrations out of its nain habitat, 

or, that short lasting but strong surface water ll'OVerrents are the cause for these 

egg displacerrents. 

Rsfsrsncss. 

Yannopouloe C. et Yannopoutos A. 1973. Petagos, 4, 2, 73-81. 
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Maturity of family Sphyraenldae 

In the South Eastern Mediterranean Sea 
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Abstract 

This study is concerned with the reproduction of the important economic 

fishes belonging to family Sphyraenidae in the south-eastern Mediterranean ; Sphy

raena sphyraena {Linnaeus, 1758) and Sphyraena chrysotaenia (Kluzinger, 1884). 

We adopted a modified scheme comprising five maturity stages immature ; 

mature ; nearly ripe ; ripe and spent. 

Analysis of the monthly distribution of maturity stages showed that in Sphy

raena sphyraena, the spawning season 1 asts from April to September, wh i 1 e for 

Sphyraena chrysotaeni a, the breeding season extends from May to October. The monthly 

variation of the gunadosomatic index revealed that for both sexes, the index increa

ses towards the spawning season. The maximum va 1 ues for Spyraena sphyraena are 

found in May and June while for Sphyraena chrysotaenia, the maximum value of ganado

somatic index is observed in June and July. Sphyraena sphyraena and Sphyraena 

chrysotaenia are fractional spawners with prolonged spawning season (mainly charac

teristic of tropical and subtropical fishes). 

Our results revealed that the analysis of ova diameter could predict the 

breeding cycle of a fish and determine whether the species has short or prolonged 

spawning. 

The minimum size at first sexual maturity is detected by monthly analyses 

of maturity stages. The rna les and fema 1 es of Sphyraena sphyraena attain their 

first sexual maturity at lengths 23.0 and 26.0 em respectively while for Sphyraena 

chrysotaenia, males and females reach their first sexual maturity at 19.0 and 20.5 

em respectively. It was found that males and females of Sphyraena sphyraena are 

sexually mature at slightly less than one year old, whereas both sexes of Sphyraena 

chrysotaenia reach their sexual maturity at age over than one year old. 

The absolute fecundity of Sphyraena sphyraena varies between 27,093 and 

121,927 at lengths from 28.0 to 42.0 em respectively. The absolute fecundity of 

Sphyraena chrysotaeni a fluctuate from 68,783 and 225,971 for lengths from 23.0 

and 27.0 em respectively. 
In Sphyraena sphyraena the absolute fecundity increases at a rate slightly 

more than one time the weight of the fish, while it increases to about three times 

{3.4) the length of the fish. 

The relation between relative fecundity and gutted weight in Sphyraena sphy

raena showed that the number of ova per gram body weight varied between 345 and 

535. In Sphyraena chrysotaenia the total fecundity increases at a rate twice the 

weight and seven times the length of fish. 

The relation between absolute fecundity and age (determined by otolith) revea

led that the average number of eggs increased as the fish gets older, however 

in a certain age group~ the number of eggs produced varied from one fish to another. 

These i ndi vidua 1 variations depend on eco 1 ogi ca 1 conditions and genetic factors 

(Bagena1, 1978) • 
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Sexuallte et reproduction du Sparalllon Piplodus annularis 
des iles Kerkennah (Sud-Est Tunisien) 

Amel SAIED et Fredj KART AS 

Laboratoire de Biologie Marine et d'Oc~anographie, FacuM des Sciences, 
Campus Universitaire, 1060 Tunis (Tunisia) 

Pour realiser cette etude sur la sexualite et le cycle reproducteur 
de Diplodus Bl1nularis , nous avons eu recours a 1 'examen macroscopique et 
microscopique des gonades et au suivi mensuel du rapport gonadosomatique (RGS) 
et hepatosomatique (RHS) d' individus de 5 a 19 em de longueur totale captures 
sur lea hauts fonds des Hes Kerkennah durant les annees 1986-1987. 

Proportions numeriques des sexes 

Lea 5161 individus examines se repartissent en 560 hermaphrodites 
(10,8 %), 1986 males gonochoriques (38,5 %) et 2615 femelles gonochoriques 
(50, 7 %) • Lea individus bisexues ont une taille moyenne de 9,3 em et des 
tailles limites oscillant entre 5 et 14 em. La taille des males est comprise 
entre 6 et 17 em avec une moyenne situee a 11,2 em tandis que celle des 
femelles varie entre 6 et 19 em et presente une moyenne egale a 12 em. La 
distribution des frequences des groupes sexuels en fonction de la taille montre 
une diminution constante du nombre des hermaphrodites et un accroissement 
regulier de celui des femelles gonochoriques , Quant aUK males, leur frequence 
s'accroit jusqu'a 1a taille de 10 em puis subit un flechissement continu 
jusqu'a 17 em taille a laquelle ils disparaissent completement. Suivant que la 
taille est inferieure ou superieure a 10 em, il est possible de grouper lea 
individus en deux categories. La premiere renferme un fort pourcentage 
d'hermaphrodites (24,2 %) et des males (40,4 %) numeriquement dominants sur les 
femelles (35,4 %) , ce qui laisse supposer que la differenciation des gonades 
dans le sens male a lieu plus precocement que pour les femelles. La deuxieme 
categorie composee d' '.ndividus de grande taille se caracterise par un tres 
faible taux d'hermaphrodites (3,7 %) et par une tres nette predaminance des 
femelles ( 60,4% contre 35,9% pour lea males). Ce phenomene peut s'expliquer 
par la grande· longevite des femelles d'une part et par la presence 
d'hermaphrodites protandriques d'autre part. Ainsi 1es sparaillons seraient 
suivant un ordre decroissant, des gonochoriques secondaires, des hermaphrodites 
rudiment aires et des hermaphrodi tea protandriques. 

Taille de premiere maturite 

La determination de la premiere mat uri te sexuelle a ete effectuee sur 
des exemplaires peches pendant l' epoque de reproduction au moment ou lea 
gonades sont a leur developpement maximum. Le plus petit male et la plus petite 
feme1le murs que nous ayons observes avaient respectivement 8 em et 9 em de 
longueur. totale. La taille a laquelle 50 % des individus sont aptes a se 
reproduire se situe a 9,5 em pour lea males et 10 em pour lea femelles. Cet 
ecart bien que minime est bien reel. Il s'estompe au niveau des tailles 
superieures puisque a partir de 14 em tous lea individus qu'ils soient males ou 
femelles sont adultes. 

Cycle sexuel 

L' activite sexue1le annuelle se distingue par une phase 
d'accroissement lent des gonades extr@mement longue au cours de laquelle le RGS 
moyen augmente faiblement passant de 0,38 en juillet a 0,88 en janvier pour lea 
feaelles et de 0,09 en septembre a 0,32 en janvier chez lea mllles. Elle est 
suivie d'une phase d'accroissement brutal du volume des gonades et une 
maturation rapide des produits aexuels. Pendant cette phase qui ne dure que 
trois mois, le RGS moyen atteint son maximum en avril, il est alors egal a 6, 71 
pour les femelles et 5,4 pour lea males. Ainsi lea ovaires grandissent 
nettement plus que lea testicules. La ponte est de courte dun;;e et a lieu en 
avril-maL 

Lea variations annuelles du RHS attestent du r6le non negligeable que 
joue le foie dand lea phenomenes de la reproduction en accumulant les reserves 
lipidiques durant lea phases de repos sexuel et d' accroissement lent des 
gonades et en lea liberant au moment de 1' accroiaaement rap ide des glandes 
sexuelles. 

Fecondite 

Nous avons evalue la fecondite de 195 femelles de 10 a 19 em de long 
recoltees au mois d'avril par denombrement des ovocytes dont le diametre est 
superieur a 200 1-l· Quatre equations de regression reliant la fecondite absolue 
a la longileurtotale (LT), au poids total (Wp), au poids eviscere du poisson 
(We) et au poids des gonades (Wg) ont ete etablies : 

3,832 
F = 2,674 LT 

1,277 
F= 400Wp 

1,252 
F = 537 We 

1,048 
F = 17358 Wg 

Dans les limites de taille indiquees, la fecondite varie de 18.000 a 
212.000 oeufs. La fecondite relative etant egale a 400 oeufs par gramme de 
poids corpore! et 17.000 oeufs par gr-e d' ovaire. 
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A note on the spawning of Saur!da undosguam!s 
In the Northern Clllc!an Basin - Turkish Coast 

Ferit BINGEL 

Middle East Technical University, Institute of Marine Sciences, 
P.K. 28, 33731 Erdemli-lcel (Turkey) 

samples of Lizard fish collected between July 80-September 81 
with a bottom trawl net were teed on board and Kept deep 
frozen in the laboratory. The weights of the ovaries were 
determined at an accuracy of 0.01 g and the mean ovary weieht 
for each month were used to determine the spawning periods. 

KUHLMORGEN-HILLE {1973) t1ad found two main spawning periods 
{Hay-,June and September) in Thailand waters. l.A'l'IF and 
SHEHOUDA (1973) llav!' stressed that in suez canal region the 
maximum gonad indices both for male and female were reached 
in Hay and established that I.izard fish spawn 3-4 batches 
during a spawning period. BUDHICHEHICO and DIHITROVA's {1979) 
histologic investigation has shown stage-by-stge maturation 
of several generations of oocytes during the spawning period. 
This provide evidences of a unbroKen type Of maturation and 
BEH-YAHI and GLASER, 1973) noted that ripe and nearly ripe 
and partly spent females occur almost all year long. 

In the study period in both stations (Tirtar and GoKsu) on 
the Mediterranean coast of TurKey the measured ovary weights 
showed two clear and distinct spawning seasons. As it could 
be seen from Figure 1 these periods coincide with September
October and June-July. 'I'he prolonged season of spawning can 
also be seen here {Figure 1) 

Probably two of four portions indicated by LA'l'IF and SHEHOUDA 
{1973) are spawned in one period and the following two in the 
next main period of spawning. Present data plotted in figure 
1 indicate that there are probably early, intermediate and 
late spawners of the two main spawnin periods. It may also 
be possible that riping of the ovary somethihes is slowed 
down because of an eventually unfavorable conditions. Thus 
on the other hand may also be a reflection of intermitted 
spawning, 

The sex ratios for the study period and stations are found 
37.95% males and 62.05% of females in GoKsu and 34.83 r. for 
male and 65. 16 r. for female 1n Tirtar. Based on present data 
and informations given by L.ATIF and SHEHOUDA {1973) and AVSAR 
(1987) the sex ratios of Lizard fish in the Levantine Basin 
can be established as 1. 19 {for male) and 2. 62 (for :female), 
ln contrast to this BVDHICHENICO and DIMITROVA (1979) note 
that males prodominate over the females considerably and the 
sex ratio is 2:1 in the Arabian Sea. Therefore it is here 
assumed that the sex ratios are eventuaJly different in laree 
geographical areas or it changed later in the Mediterranean 
during adaptation to the modern environment after emigration 
through the suez Canal. 

Going further on this promisses the present results imply 
that approximately ~ne male serve two female individuals in 
the spawning ground in the northern Cilician Basin although 
the sex ratios may vary temporaly and spatially. 

9
(g) Mton Ovary W~ight 

.. _. GOKSU 
-TIRTAR 

A M 

Figure 1: Mean ovary weights in two dif:fercnt stations. 
Northern cilician Basin-Turkish coast. 
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Estimation of energy budget 

for gonadal development migration 
and spawning of Anguilla anguilla L. 

inhabiting the Egyptian Lagoons 

E.M.AMIN 

National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

l6'.rt.:.AC T. The total energy of European silver eel 
; the start of migration is sufficient to fulfill 
.1 biological activities which begin with active 
.grations. We used the model of Boetius and Boetius 
:980) after our modification to became : 

Material of the present work ( 100 alive samples 
non-migrating yellow eels and migrating silver 

lls) were collected in lagoon Edku (Egypt) in the 
!riod from August 1986 to !'larch 1987. Hormonal 
tduction of gonad maturation was carried out on 30 
ooples. Contents of water, lipid, protein and ash 
t muscles, liver, skin, intestine, bones and gonads 
!re determined. 

Lipid and protein are the main components of eel 
ldy. Furthermore, lipid is considered as the princi
•1 source which supply most of required energy 
•otein, on the other hand, represents the second 
lurce of energy. 

Lipid energy in percent of total energy was 
llculated as 58.21 for male and 67.91 for female 
rllow l!el. Thc:::c two valuos were sip;ni ficnntly 
1aller than those calculated for male (76.31) 
ld female silver eel (80.07). In contrary to 
.pid energy, the protein energy higher for both 
lle (41.28) and female (32.09) yellow eel than 
Lose of non injected male and female silver eel 
•ing calculated as 2?.69 and 19.93 respectively. 

Lipid energy of immature testes amounted to 
~-53 %, while immature ovaries was found to be 
i.90 %. Further gonadal development showed & 

.gnificant increase in lipid energy up to the 
1rmation spermatozoa in ripe aale ( 80.28 %) and 
i.'+l} ,._~ at the time of appearance ripe ova in 
Le female ovary. 

About 2S.08 % and 20.28 % from the total energy 
•emed to be utilized in oogenesis and spermato -
•nesis respectively. 17.07 % and 15.78 % being 
:ilized for ovulation and spermiation respectively. 
' achieve migration and simultaneous routine 
•tabolism,energy values of about 35.7S and 34.19% 
· the total energy seemed to be utilized by female 
Ld male silver eel (Table 1). The energy of routine 
•tabolism (ER) is considered as a part of the energy 
· migration was found to be higher in male 1.40 X 106 

~g than that in female 0.97 X 106 J/kg. 

':'able 1- The determined values of energy of EG' En• and EM of 

ripe female and male European eel An uilla anguilla 

Err 
Ea En EM 

!X 
J X106 J X106 J X106 

J X 106 ~of ET ~ of Err ~of~ 

1 16.11 2.75 17.07 4.0;1 25.08 5.76 ?5.75 

) 14.45 2.28 15.78 2.9;1 20.28 4.94 ?4.19 

loetius,I and J.Boetius 1'3;!0- Experimental maturation of female 
silver eels Anguilla anguilla. Estimates of fecundity and 
energy reserves for migration and spawning. Dana, 1,1-28. 

app. Comm. int. Mer Medit., 31, 2 (1988). 
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Induced maturation of female Silver Eel 

(Anguilla anguilla L.) 
leaving the brackish delta lakes for spawning 

E.M.AMIN 

National Institute of Oceanography and Fisheries, Alexandria (Egypt) 

ABSTRACT. The European silver eel (Anguilla anguilla) 
gave positive results when the females treated with 

a combination of(HCG) human chorionic gonadotropin 

hormone and (CP) carp pitutary or with carp pitutary 

onl;y. 

Migrating female were obtained from lake Edku 

(Egypt), in winter, from October 1986 to November 

1987. Females were selected according to size and 

colour. After acclimatized in sea water the experi

ments was started under the previously described 

conditions (Amin, 1986). 

Injected females with a combination of HCG and 

CP attained their ripe condition after 11 injections 
within a period of 40 days. Injection with CP only 

gave the same results but the period was extended 

to 54 days and number of injections increased to 16 

times. In both conditions ripe ova could be detected. 
Several external and internal changes took place 

with increasing the number of injections. Colour of 

the body became more dark, eye diameter changed from 

10 mm in non-injected silver eel to 16 mm in injected 

ripe eels (Fig. 1). Urogenital opening became more wide 

and bulged over the body surface (Fig.2). GSI changed 

Fig. 1 Fig. 2 

Fig. 3 Fig. 4 

from 1.66 when immatured to 31.41 in ripe condition (Fig.)). 
Mean egg diameter measured 1.12 ! 0.06 mm, eggs were 

small, spherical with centrally positioned oil droplet 
(Fig. 4), fecundity was found to be 1.46 X 106• 

Amin,E.M. 1986- Induced gonadal maturation of male 
European eel (Anguilla anguilla L.) inhabiting the 
Egyptian lakes. Arab.Gulf.J.Scient.Res. 4(1),293-301. 
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V-II3o 
Some data on the reproductive biology of Sardina pilchardus 
from the Coast of Malaga (SW Spain), (March 1983-May 1984) 

A. GARCIA and J. PEREZ DE RUBIN 

Institute Espanol de Oceanogratia, Centro Costero de Fuengirola, Apartado 285, 
29640 Fuengirola, Malaga (Espal'\a) 

BI!JlogJcal stud1es Sardtna 
•n the 
Bard an, 

pt!ct1ardus from the Alboran Sea 
have been carr1ec1 out 
Navarro (1948, 1950, 1952); 

past by authors such 
Navarro Rodriguez 

Bar(j.3n 
(1949). 

A total of 24 samples proceeding from local Malaga purse seme fleet 
have been realized, with a thorough examination of 1.981 spec•mens 
dur.ng th1s period (0'0' =854, '?'i' =804, indetermined sexes =323): 
•nclud1ng data on: body we,ght, gut free tot<ll we•ght, total length, 
sex, matur1ty stage, somatic fat content; and gonadal length, we1ght 
and volume. 

The present paper will only taKe into consideration some of the 
biological aspects relat•on with the periOdicity of Sard1na 
pilchardus' reproduction through a biological sampl.ng of th1s 
spec•es during a period of 15 months (March 1983-May 1984). 

Gonosomat1c Index: (GSI gonad weight/gut free total weight). 
The analysis of this index, widely used to Know gonadal activity and 
spawn•ng preparedness, has been calculated for each sex cons•dermg 
the following s1ze classes (ems.): 13.5, 13.5-16.5, >16.5 (Figs. 1 

2), 1n order to analize possible variations of GSI m relat•on to 
length, as observed by Perez et al. (1985). The only size class that 
have appeared 1n the sampling throughout the year has been 13.5-16.5. 

Monthly mean GSI indicate gonadal inactive period during 
constricted to the summer period (June to September), although an 
analysis of the max•mum monthly GSI present, complemented with the 
maturity stages show, that this spec1es can actually have some 
reproductive activity in the months of June and September. 

Generalized 
GSI values 
and another 

spawning 
for all 

spring 

begins .n the month of October, atta•ning peaK 
s1ze classes considered in the month of January 

peaK that can occurr in March-April. 

O.<B 

• 0.00 

It 
A 
II 

G 
s 

.//( N(all) = 716 

AJfc ODF-'11 

Figs. 1 & 2: Monthly variations of GSI in relation to length, 
for each sex. (all=-, ( 13.5=---, 13.5-16.5=--, >16.5= .••.• 

The present analysis has been complemented 
with the following related parameters: !D 
-Maturity stages: The maturity scale used 
m the samplmg is that proposed by Perez 
et al. (1985). Fig. 3 shows the evolution 'A:> 
of maturity stage "3" and over y 
(pre-spawning stages onward). There 1s a R !0 
good correspondance with the results 11: 

~~l~~~~us l~howi~~mmet~:~d d~;i~~ughthe th~est~ns~ c.:D 

period, 77. 7'1. sex indetermined specimens ('0 
were found m the period between July to 10 
October. 

The proportion of sexes have been 
analized by groups of three months during 
the sampling period. The mean female 
proportion comprehending the whole period 
was 48.2/., but rather low percentage 
value (34.6/.) was found for the period 
~xtendlng from March-April-Hay. 

A J fc 0 D F_,. II 

Fig.3. Monthly variation 
in maturity stages and 
somatic fat content for 
both sexes. (Maximum fat 
content, s tages~I II=
Maturi ty stage 43=+--+). 

Through cumulative frequency representation, an estimation of 
s1ze at first maturation has been realized considering the 
spawning period from October on to February-March. This parameter is 
of 15 ems. for females (N=53), 13.8 ems. for males (N=84), and with 
a combined value of both sexes of 14.4 ems.. Although, we must 
remarK that mature spec1mens of 11-12 ems. have been found, •n 
accordance with the results from Larraneta (1976) based the 
sardine of the spanish mediterranean coasts of Castellon. 

-Somatic fat cycle: Fat content begins its increase 1n April 
attaining its max•mum during July-August. From that period on, there 
•s a steady decrease, lh time with the begginning of sexual 
maturation. Minimum fat contents occurr during peaK spawning periods 
observed (Fig. 3). 

REFERENCES 

SARDAN,E. F.NAVARRO. 1948. La talla de Ia sardina en relacion 
con el arte de pesca y con el sexo (observaciones Malaga. 
1940-1947). Sol. lnst. Esp. Oceanog., 5, 17pp. 

---------- 1950. Nuevos datos sobre Ia sardina de Malaga. Sol. 
lnst. Esp. Oceanog. 34, 4pp. 

---------- 1952. Estudios sobre Ia sardina de Malaga en 1951 y 
cons,derac•ones sobre Ia variabil•dad de su formula vertebral. Sol. 
lnst. Esp. oceanog., 57, 23pp. 

SARDAN, [., NAVARRO,F. & RODRIGUEZ,J. 1949. Nuevos 
sard.na del Mar de Alboran (agosto 1948-marzo 1949). 
Oceanog., 17, 11pp. 

datos sobre Ia 
~__!.r}§~ 

I.ARRARETA,M.G. 1976. S1ze and age at first maturat1on, and 
relat.ve fecundity S. plichardus off Castellon (Spanish 
med•terranean coast). ICES, C.M. 1976/J:4. 

PEREZ, N., PORTEIRO-, -C. & F. ALVAREZ. 1985. Contr,buc1on al 
conoc•m•ento de Ia b•ologla de Ia sard•na de Galicia. Sol. lnst. 
Esp. Oceanog., 2(3): 27-37. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

V-II31 
L'hermaphrodltlsme et le cycle sexuel de Ia Gerle 

Splcara flexuosa (Centracanthldae) 
dans le golfe de Patralkos, Grece 

Chryssi MYTIUNEOU 

Centre National de Recherches Marines, 16604 Hellinikon {Grece) 

INTRODUCTION: Le probleme de !' hermaphr•=>o;Jitisme. et du cycle sexuel de 
la gerle <Spicara flexuosa), a occupe depu1s lor1gtemps plus1eurs 
auteurs <Zei, 1949; Planas & Vives, 1955; Salekhova, 19'19>, qui ont mis 
en ~vidence l 'existence, chez cette espece, d .. un herma'?hrodi tisme 
prot~rogyne et d' une inversion sexuelle. La gerle est tres cohullune 
dans les eaux de Grike, mais sa biologie peu etudiee <Myti l ineou, 19871 

Ce travail est une etude preliminaire du cycle sexuel et de 
l'hermaphrodit.isme de !a gerle dans le golfe de Pat.raikos. 
MATERIELS ET METHODES: 2837 gerles ont ete recol tees par un chalutier 
co:>mmercial pendant. quatre campagnes saisonnieres <N>:>vembre 198<1 -
Septernbre 198S) dans le golfe de Patraikos. La longueur a la fourche 
de chaque poisson a ete mesur-Efe et. les qonades ont ete en levees af in 
d"' effectuer des observations macroscopiques et microscopiques. L' age 
a ete determine par les >:>to! i t11es. 
RESIJLTA1S and OISCUSS!OI'!: 1. Hermaphroditism.~. L' etude des gonades a 
indiqu6 que parmi eux, exist.aient des qonades bisexuelles (hern\aphro
dites), constit.uees d' une zone <tissue) ovaire et d' une zone t.esti
culaire. Les differents stades de maturation de ces gOnades ont n\ontre 
que les deux zones se developpaient. et fonct.ionnaient. s6parernent. l"une 
de 1 .. autre; la zone ovai , .. e developpee au debut, commen-.=ai t a se redui re 
en donnant. place it. ! .. augmentation de la zone testiculaire. Selon le 

:!~~~t~~~se=e~:~::P::~~; de ces deux zones,les individus ont ete 
- fero>elles <fe-ll•• fonctionnelles): individus dont Ja zone ovaire de 
la gonade hermaphrodite et.ait fonct.ionnelle. 
- M~les <Miles fonctionnels): individus dont la zone testiculai re de 
la gonade he1"maphrodite et.ait. fonctionnelle. 

~er~:;~::r~:i :~=~en~:~! vid~= r2~:~re~a ta~~~= q~;ai:e zo~: t!:tic~~~~~= 
commen~ait a se develloper; ils peuvent. ~tre caract,rises 
individus en inversion sexuelle. 

La distribution des frequences des gerles en foction de Ja taille 
<Fig. 1) a mont.re que: a) les fe melles et.aient. present.es jusqu' a la 
taille de 15 em <age V>. En general, elles et.aient de petite taille, 
avec un pic dans la classe 10.5-ll.Scm <age I) et avaient. par rapport 
aux miles, une predominance numerique aux tailles inferieures a 12cn> 
<Gge II>, b> les males et.aient de g•·ande t.aille et. par rapport aux 
femelles dominaient. aux longueurs superieures a 12.5cm et c) les 
hermaphrodi t.es et.aient presents aux longueurs 11.5-14. Sen> <.~ge II-V), 
avec un pic dans 1 ... classe 12 - 13cm. 

Les resul tats de l' examination des oonades et de la repart.i tion 
des deux sexes en foct.ion deJa taille et -de !'age, mentionnes au
dessus, ont confirme l'exist.ance de 1' hermaphrodtt.isme prot.€!rogyne et 
de 1' inversion sexuelle chez la gerle. Pourtant., parmi les individus 
de nos ec~&ntillons.. a part les males proven~s de 1 ~ in~ersion des 
fe~~~elles <-1•• secondaire•>, on a reconnu des males qu1, des le debut 
de leur vie, avaient dltveloppe des testicules <m,les primaires). Ces 
mlles ~taient de petite taille, 7.0-12.5cm en longueur d1ge 0-II>, 
t.andis que le5 lll~les secondaires avaient. une taille superieure a 
ll.Scm <Age II-V). L' existence des mll.1es prin>aires, parmi les 
individus, a indique que les gerles ne commencent pas leur vie~ 
t.oujours comme fernelles (fonctionnelles). En cett.e raison on se pose 

6 7 8 9 10 11 12 13 14 15 16 17 
Fl (en>) 

F1g. 1. Disribut..ion des se;<t-s en 
fonction de l.a taille de 
?..~ du Golfe de F'atraikos. 

Fig.2.01agrah1me dU cycle sexuel 
de 2-: .. fl~$1!.2~.~ du Go 1 f e •je 

f-·atralkos. 

la question si 1; herrnaphr·odit.isnle pr•:>t.ero9yno? et 1"' 1nversion 
s~xuelle n"" est.. pas un ph~nornene general affect.ant. 1" ensefnblc d\.~ 
p·:>pulation de cette espi:!-ce. Le cycle sexuel de la gerle, proJ;pQse- pat~ 
ce travai 1, e5t present.e par le scherna de la t igure 2. 
2.~oort se)(u•l. L"' ensemble des indivi•::S•..o~s .?t.ait constit.uti par 1870 
feftlelles(65.9S), 885 h'lale:s(31.3%), 24 individus en inversion se}<:ue-lle 
(0. 9%) -et sa "tndividus immatur·~s dont le sexe n' a. pas ete d.?ter,ni..ne 
<2%\ Le rapport sexuel entre les fernelles et les mZiles etait 2. l: 1, 
d' ou une doMinance stati-:;tiquen,ent sigr1ificative des femelles pa1• 
rapport. a.ux Males. Cette repar t.i tion des deux sexes restai t j nchangea
ble durant. les di fferentes epoques de 1' annee, sauf au ftlOiS de Juin 
ou le rapport. sexuel etai t presque 1: 1. I J est. important. de signaler 
que pendant. cet.te per iode les hermaphrodites presentaient. un 
pourcentage eleve. Le sex rat.io en foction de 1&. taille a present.<!' aux 
petites tailles, inferieures a_ 12.5cm (age II), une dominance 
st.at.istiquement. significative des femelles pa.r rapport aux males. A 1 a 
longueur de 12. Scm le pourcent.a9e pour chaqun des deux sexes etai t. 
501:, t.andis qu' au-dessus de cett.e longueur le pourcentage des rnl'iles 
a.ugm~ntait. successiverM:~·nl pour devenir fi.nalement 100'%. 
3.feriode de reprodu£_t~on et. -~_ille de __ Q!:...~i..§.r__g__m_i!.~t..i..t.~- L' ~t.ude des 
differents st.ades de maturation des ·~onades des deux sex~s a indique 
que la gerle, dans la region etudi€e, se reproduisait. pendant. le 
printempg, dis le M•jiS de Mars jusque a .Juin. avec un pic en 
Avril-J1a·i. La tai1le de premiere matUI·it•L calculee selon Asht.on 
((972> et Gunder<ion C1977), etait. 9.1cm de longeur pour les femelles 
et 10. 2c::M pour les males, d' oU on pourrait. dire que la g~rle se 
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l~ep\'"•jduit d&s: la prenne, .. e annee de sa vie. . 
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La fecondlte des Selaclens ovlpares 

Christian CAP APE et Jean-Pierre QUIGNARD 

Laboratoire d'lchthyologie, U.S.T.L., 34060 Montpellier Cedex (France) 

La reproduction des Selaciens ovipares est permanente en Medi ter
nee. Il est done difficile d'{waluer avec precision la fecondite 

ces animaux (Capape et Quignard, 1975; Holden,l975). Le d€mombre
nt des ovocytes m11rs ou en voie de maturation apporte une solution 
rtielle a ce probleme. 
ns ce travail nous donnons le nombre maximum annuel d' ovocytes que 
on peut considerer comme pr<"lts a <"ltre ovules dans un laps de temps 
sez court. Cette expression de la fecondite ne donne pas la quantite 
oeufs pondus annuellement par un indivipu mais elle permet quand 
me de comparer les fecondites interspecifiques et intraspecifiques 
tentielles a un moment donne, pour une taille donnee. 

tableau n• 1 indique pour les plus petites et les plus grandes femel
s de dix especes p<"lchees sur les cotes de Tunisie le nombre maximum 
ovocytes recence dans les ovaires. De ces observations on peut de
ire que les especes de grande taille ont generalement une fecondite 
perieure a oelles de petite taille et que chez toutes les especes 
fecondite augmente avec la taille. 
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Relation entre la fecondi te et la taille chez 10 Selaciens 
(taille: Pleurotr<"lmes, longueur; Hypotr<"lmes, largeur en em) 

Especes 

Scyliorhinus ca:nicula 
S. stelZaris 
Galeus malastorrrus 
Raja miraletus 
R. clavata 
R. asterias 
R. radula 
R. polystigma 
R. melitensis 
R. alba 

Taille 

53 
I IS 
66 
33 
58 
45 
42 
47 
24 

I28 

app. Comm. int. Mer MMit., 31, 2 (1988). 

Tailles 

46-50 
78-85 
39-45 
22-38 
53-60 
4I-48 
3 I-39 
35-45 
I9-2I 
94-I I 7 

Nombre 

26-33 
38-57 
IS-25 
I5-25 
68d5 
34-55 
22-55 
4I-60 
I9-25 
60-90 
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La fecondlte des Selaclens vlvlpares 

C. CAP APE*, J.P. OUIGNARD* et R. BEN BRAHIM** 

• Laboratoire d'lchthyologie et de Parasitologie G~n~rale, U.S.T.L., 34060 Montpellier Cedex (France) 
•• Laboratoire de Biologie Marine, Facull~ des Sciences, 1060 Tunis (Tunisia) 

Chez les S€lacienx vivipares la f€condit€ annuelle est fonction de l 'importance 
numerique des port€es et du nombre de cycles de reproduction au cours de ce laps de 
temps. A ce point de vue on peut distinguer trois groupes d 'especes : 

Groupe I : espikes a cycle court d' environ 4 mois (Tab. I). On peut admettre dans 
ce cas 1' existence de trois portees par an (Dasyatis pastinaca, D. marmorata •.• ) . 
En effet, chez ces Selaciens il y a synchronisme entre vitellogenese et gestation. 
Ala parturition fait suite immediatement une nouvelle ovulation. Done les gesta
tions se suc.cedent presque sans interruption. 

~ : Fecondite des especes a cycle de reproduction court (4 mois) 

====================== ======== -======= ==========-==========--========== 

ESPECES 
:niill.e 

---------------------- --------
Rhinobatos rhinoba-tos I62 

Rh. cemiculus 215 

Gymnu:ra a lta:ve la I62 

Dasyatis pastinaca 68 

D. tortonesei 79 

D. ma:rmarata 40 

D. centroura I60 

Limite Fecondite 
des ovarienne 

tailles 
------- ----------

90-108 

I I8-I38 6-9 

I38-I62 8-I4 

35-44 6-8 

43-63 7-14 

42-61 1-5 

I 25-144 4-9 

Fecondite 
Fecondite uterine 
uterine annuelle 

possible 
----------

4-6 I8 

5-8 24 

3-6 18 

5-7 2I 

3-8 24 

2-3 

3-4 I2 

-======================-========-========-========== ======::::;=====::::==========-

Groupe 2 : espi>ces a cycle annuel (Tab. 2). Dans ce cas, fecondite par portee et 
an.nuellesont confondues. 

TABLEAU 2 : Fecondite des espikes a cycle annuel 

ESPECES 
Taille Tailles Fecondi te Fecondi te 

extremes ovarienne uterine 

Heptra:nchias perlo 139 I03-1 oa IS-20 I3-18 

Galeorhinus galeus I95 I40-195 I2-50 13-38 

Mustelus asterias I28 98-I 23 I 1-45 I6-32 

Carcharhinus p lumbeus 248 174-205 4-I7 3-I4 

c. brevipinna 250 I60-I9I 6-15 2-I I 

Torpedo torpedo 60 25-60 I-IS I-9 

pteromylaeus bovinus I20 87-236 I-6 I-3 

-=======================- -

Groupe 3 : espikes a cycle pluriannuel (Tab. 3) : Centrophorus granulosus (Schnei
der, 1801) a un cycle de deux ans. L'espike ne produit qu'un seul ovocyte et qu'un 
seul nouveau-ne. Torpedo marmorata (Risso, I810) a un cycle trisannuel et donne a 
chaque mise bas 5 a 6 individus. 

TABLEAU 3 : Fecondite des especes a cycle pluriannuel 

~
=====================-!======== =========== =========== =========== 

ESPECES Taille Tail;;es Feco':dite Fec~~ite 
max. extremes ovar1enne uter1.ne 

--:----------------- -------- ----------- ----------- ----------

Centropho!'U8 gra:nulosus 125 I IO-I28 I I 

Torpedo marmorata 58 39-55 3- I 5 2-I3 

-======================--========-===========-===========-====;======-

Pour traduire la fecondite de ces animaux nous donnons (Tab. I a 3) la fecondi
te ovarienne (nombre d 'ovocytes nrurs ou en voie de maturation) et la fecondite ute
rine (nombre d'oeufs, d'embryons ou de. foetus). La fecondite ovarienne est toujours 
legerement superieure a la fecondite uterine. Ceci s'explique par le seul jeu des 
ovulations manquees (atresie des ovocytes evolutifs) et des avortements. 

Nos observations montrent enfin que, pour urie espece donnee, la fecondite aug
ment<\, avec la taille des femelles mais qu'elle n'est pas liee, au sein d'une famil
le, a la taille maximum des especes. Chez les Squalides par exemple, Centropho!'U8 
granulosus est moins prolifique que Squalus bl-ainvillei pourtant de plus petite 
taille. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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V-II34 
Les relations de nutrition entre femelles et embryons 

au cours de Ia gestation des Selaclens vlvlpares 

C. CAPAPE•, J.P. OUIGNARD•, J. MELLINGER .. et R. BEN BRAHIM ... 

• Laboratoire d'lchthyologie, U.S.T.L., 34060 Montpellier Cedex (France) 
•• Laboratolre de Biologie Animals, FacuM des Sciences, 51100 Reims (France) 
••• Laboratolre de Biologie Marine, FacuM des Sciences, 1060 Tunis (Tunlsie) 

Ranzi (1932 et 1934) a mis en evidence que la croissance embryon

naire d'un certain nombre d'especes de Selaciens vivipares depend par-

tiellement d'un apport maternel en substances nutritives. Ces subs-

tances sont elaborees par l'uterus pendant la gestation sous forme 

de secretions diverses que 1 'embryon absorbe, digere et assimile. Le 

calcul du rapport poids de 1' oeuf sur poids du foetus ii. terme donne 

une mesure simple mais assez fidele de la contribution maternelle. 

On distingue alors trois groupes de Selaciens vivipares 

groupe 1 : rapport peu eleve compris entre 0, 02 et 0, 05 (Tria-

kidae, Carcharhinidae, Dasyatidae, Pteromylaeus bovinus). 

groupe 2 : rapport compris entre 0, 2 et 0, 5 .(Squalidae en g{meral, 

Rhinobatidae, Torpedinidae, Heptranchias perlo). 

groupe 3 : rapport eleve proche de 1 (Sqatinidae, Centrophorus 

granulosus). 

TABLEAU 1 

Poids de 1'oeuf (PO) et du foetus a terme (PFT). 

Rapport PO/PFT de 15 especes de Selaciens vivipares 
des cotes tunisiennes. 

Po ids Poids du 
Especes de 1'oeuf foetus PO/PFT Viviparite 

a terme 

Heptranchias perle 16,8 64,5 0,26 aplacentaire 

Mustelus asterias 5,9 110,5 0,26 ap1acentaire 

M. mediterraneus 3,6 120,5 0,03 p1acentaire 

Carcharhinus plumbeus 10,5 396,5 0,03 placentaire 

Squalus blainvillei 26,6 54,4 0,49 aplacentaire 

Centrophorus granulosus 320,5 347,5 0,92 aplacentaire 

Etmopterus spina:c 3, 75 12,15 0,33 aplacentaire 

Squatino squatina 207,5 201,3 1,03 ap1acentaire 

Squ. oculata 178,7 179,1 0,99 aplacentaire 

Rhinobatos rhinobatos 48,6 116,5 0,26 aplacentaire 

Rh. cemiculus 55,7 135,1 0,20 aplacentaire 

Dasyatis tortonesei 3,6 112,6 0,03 aplacentaire 

D. marmorota 3,2 98,5 0,03 ap1acentaire 

D. centrouro 4,7 147,5 0,03 ap1acentaire 

Pteromy!aeus bovinus 17,3 290,8 0,06 aplacentaire 

Families 

Hexanchidae 

Triakidae 

Triakidae 

Carcharhinidae 

Squalidae 

Squalidae 

Squalidae 

Squatinidae 

Squa tinidae 

Rhinobatidae 

Rhinobatidae 

Dasyatidae 

Dasyatidae 

Dasyatidae 

Myliobatidae 

--

Ce rapport ne permet. pas de separer Ies vivipares placentaires des 
vivipares aplacentaires. 
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Actlvlte vltellogenetlque et gestation 
chez les Selaclens vlvlpares 
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• Laboratoire d'lchthyologie et de Parasitologie G~n~rale, U.S.T.L. 34060 Montpellier Cedex (France 
•• Laboratoire de Biologie Animate. Facult~ des Sciences, 51100 Reims (France) 

Les modalit€s de reproduction des S€laciens vivipares pr€sentent une extr€:rn£ 
diversit€ d 'une esp€ce a une autre~ Parmi les variables inter-sp€cifiques, deux 
jouent un role fondamental dans la straU\gie demographique des vivipares : la dure< 
du cycle et 1e synchronisme entre la vitellogenese et la gestatio'.'. La duree d~ 
cycle depend, en fait, plutot de 1 1 espike : un minimum de deux mo1s pour Dasyc:t1-s 
violaaea (Bonaparte, 1832), un maximum de trois ans pour Torpedo marmorata (R~sso, 
1810) etc •.. En revanche, le synchronisme entre 1a vitellogenese et 1a gestat1on 
nous permet de considerer trois groupes de Selaciens vivipares bien tranches (fig. 
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A . Especes avec vitellogenese et gestation synchrones. Ex. : Heptranchlas perlo. 
B. Especes avec vitellogenese et gestation successives. Ex. : Torpedo marmora fa. 
C . Especes avec vitellogenese et gestation deca!ees. Ex. Sguatina sguatma. 

Groupe A : Especes avec vitel1ogenese et gestation synchrones (fig. 1 A) : 1a form< 
tion des ovocytes est concomitante du developpement des embryons. La vitellogenes• 
debute immediatement a pres 1 'ovulation qui suit presqu 1 aussitot la parturition. C< 
groupe concerne les Se1aciens vivipares placentaires et de nombreux Selaciens SHa· 
ciens vivipares aplacentaires, Pleurotremes (Hexanchidae, Triakidae, Squalidae ••• : 
et Hypotremes (Rhinobatidae, Dasyatidae, Gymnuridae, Myliobatidae ..• ) 

Groupe B : Especes avec vitellogenese et gestation successives (fig. 1 ,B) : L 1 acti· 
v1te vitellogenetique est interrompue durant toute la gestation, elle ne redemarr• 
qu 1 a pres la parturition. Ce groupe ne comprendrait a notre connaissance que des 
representants de la famille des Torpedinidae. 

Groupe C : Especes avec vitellogenese et gestation decalees (fig. 1 ,C) : L1 activiti 
v1tellogenetique est bloquee pendant une partie de la gestation et ne reprend que 
vers la fin. A la parturition, les ovocytes n 1 ont pas atteint 1a moitie de leur 
diametre dHinitif. Ceci para'lt caracteristique des Squatinidae. 
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Mapping the nurseries of Merlucclus merlucclus 

In the Ligurian Sea : seasonal aspects 
of the distribution of recruits 
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lstituto di Zoologia, Laboratori di Biologia Marina e di Ecologia Animals, 
Universit~ dl Genova, Genova (ltalia) 

During trawl surveys in the Ligurian Sea financed by the Ministero della Marina 
Mercantile (1982-83; 1985-87) data were collected about the timing of recruitment of 
M. merlueeius (Orsi Relini et al. 1986) and the location of its nurseries (i.e. the 
bottoms where the fish lives during its first year of life). These notes are concer
ned with the latter problem and their purpose is to give a brief account of the· di

stribution of recruits recorded in different seasons in the years 1985-87. 
In an area of about 915 square miles a total of 168 one-hour daytime trawls were 

effected, half in the period March-May and half in the period August-September. The 
hauls were divided into five depth strata (delimited by the levels 0; 50; 100; 200; 
450; 700 m) in numbers proportionate to the extension of the bottoms in each stra
tum. The net had 500 meshes at the cod end of 7.5 mm side. Length frequency distri

butions of M. merZuecius in each catch were used to identify the 0 group fish and m~ 
re in general to assign it an age on the basis of a linear tnodel of growth in this 
early phase (Orsi Relini et al. 1986) .A total of 11,256 recruits were recorded in 
the first four strata. The fraction of weight due to the recruits was calculated u

sing a specific length/weight relationship (Cappanera e Fiorentino 1986). 
The numbers of recruits collected in one hour of trawling were very variable, v~ 

rying· from very few units to 2138 (cf. Pereira and Fernandez 1983) .and also the to

tals were very different for the three years (the 1986 values were double the others). 
However some general features in the overall distribution can be delineated (table 1): 
1) the highest values of density were recorded in the summer sampling; this is due 

to the spririg recruits (i.e. the fish which arrived at the bottom in April, May and 
June) which are the most abundant of the year. 2) The spring sampling produced consi_ 

derably lower values, due to those fish which reached the bottoms in the period Oct~ 

her-February. Among these the November recruits constitued half the number. In gene
ral the previously observed recruitment intervals of about six months (Orsi Relini 

Table l. Distribution of recruits of M.merZuaaius (numbers and percent.); recruitment 

index (number per hour of trawling) and incidence of recruits in the catch. 

March - May August - September 

recruit percent. recruitm. percent. recruit percent .. recruitm. percent. 
Strata 

number distrib .• index weight number distrib. index weight 

0-50 33 2. 7 8.2 1.9 891 8.9 111.4 48.6 
50-100 709 58.7 41.7 6.1 893 8.9 68.7 16.4 

100-200 454 37.5 50.4 9.3 5364 53.3 536.4 73.4 
200-450 13 1.1 0.5 0.4 2908 28.9 126.4 48.0 

Totals 1209 100 10056 100 

et al. 1986) were confirmed. As a consequence of 1) and 2) the proportion of recruits 
in the total weight of M. merZuccius in the catch was equal to 5.1% in spring and 

41.3% in summer. 3) In spring the recruits were distribuited mainly in the range 50-

200 m (96%); in SU!II11ler mainly between 100 and 300 (82%) table 1 and fig. l). 

These results show that the fish choose different bottoms according to the sea
son in this early phase of life. Future research could examine several hypotheses a 
bout the causes of this seasonal variation in behaviour: these range from the in- -

fluence of abiotic factors such as temperature and light to biotic factors such as 

food availabil.ity and competition with other fish: for example, Phycis bleirmioides 
of comparable size have their spring nurseries on epibathial levels (Fanciulli and 
Relini Orsi 1980). 

Crt I a ya r I 
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Fig. l. Nurseries of the Hake (hatched areas.) in different seasons. 
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In the Lake of Fusaro (Naples) : first results 
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Text: The preliminary results of data elaboration recorded in 
the development of a methodological test for a sistematic investiga
tion on the influence of environment conditions on fish fry migra
tion are reported in this paper. 

The area selected is the lake of Fusaro (Naples, Italy), due 
to previous data on this particular coastal lagoon available in 
literature (Carrada, 1973; Renzoni, 1963; Sacchi & Renzoni,l962). 

The sampling station selected was the most efficient, in terms 
of water exchange, of the three mouths of the lake (fig.l). 
. The sampling period started on January 17th, 1986 to March 3rd,, 

1986 with a weekly sampling rate,~hich could have given the possi
bility of evidencing tidal influences on fish fry migration in 
connection channels of coastal lakes and lagoons in general. An 
interval of 30 minutes was allowed for the samples (sampling time: 
from 10:00 A.M. to 4:00P.M.). . 

To approximate the physical-chemical features of the whole 
channel all the data were collected at the depth of 60 em. (depth 
of the station 120 em.). A currentmeter with magnetic recording, 
supplied with a temperature and conductivity sensor (0.02 °c and 
nunhos/cm. respectively of precision), was emp.loyed to detect the 
values of direction and velocity of the stream, temperature, and 
conductivity of the water. Winkler's method was used to obtain 
oxygen data and cross-parallel analysis were carried out to con
sider also the probable presence of ferric and ferrous iron, or
ganic substances and free chlorine in the water (Rodier, 1975). 

The fish fry was caught by a hand trawl net which was modi
fied in respect to the peculiarities of the sampling stati.on and 
to the need of catching the fry present in the least time possible 
( 5 sec. max). 

The gathered material was composed m~inly of Mugilidae that 
were identified using morphological characters (Farrugia, 1977) 
after narcotization in situ. Number and form of the piloric c.aeca 
(Perlmutter et al., 1957) were utilized in the uncertain cases. 

With regard to the three species of the genus Liza (aurata, 
ramada·and saliens) considered in this study, a quite cons~stent 
m~gration o~ fry in the lake of Fusaro has been pointed out 
in the aforementioned period. 

A preliminary analysis of hydrological data, reported in fig. 
2 (a & b),in respect of Mugilidae fish fry abundance in the channel 
under obseryation, reported in fig. 3 (a & b1 seems to reveal a 
consistent L. ramada fry migration in quite rapid incoming flow 
cases. For L. sal~ens fry, instead, a slow incoming flow seems to 
favour its m~grat~on. 

Regarding the water temperature influence lower values seem 
to favour L. ramada fry migration, both in incoming and outgoing 
flow cases. For L. saliens instead lower values of water tem
perature seem to hinder its fry migration. 

For the oxygen influence, finally, while in the incoming flow 
oxygen content of the water does not seem to influence L. ramada 
fry migration, in the outgoing Plow a higher percentage of dis
solved oxygen in the water of the channel seems to favour its fry 
migration. 
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Argentina sphyraena and Glossanodon leloglossus 
partially niche-overlapping species 

R. BAINO, A. PIRAS and F. SERENA 

lstituto Scientifico e Tecnico di ldrobiologia e Pesca, Livorno (ltalia) 

~TRACT: A three-year -craw.1survey carried out off Tuscany coast gives 
a large amo•~nt of data upon argentinids CPUE and de'='th 
distribution. The geographical occurrence and respect~ve 
abundance suggest a typical example of competition between 
two species. 

Recently, these Arqentinidae have been •atter of study in the 
Tyrrhenian Sea both for their possible coMMercial exploitation and 
their biological interest. Along a ground-fish trawl s•~rvey carried 
out in 1985-1987, the whole area between Elba Island and La Spezia was 
sampled by means of 150 rando•ized tows: total yield of argentinids 
raised over 200 kg and 19,000 individuals. 

Species presence was observed between 80 and 460 11 depth for 
Argentina sPhyraena and into a weakly reduced range < 120-430 m > for 
Glossanodon leioqlossus. Even if the depth range of presence is 
approximately the same, fish abundance "'nd individual size are quite 
dissimilar: 'i..,_ leioqlossus is Mainly concentrated between 100 and 250 
m depth with catch rates up to 26 Kg/tow and uniform medium size 
<10 g>; the other hand, a.,_ sphyraena gives lower CPUE (up to 7 
Kg/tow> but an a wider area, ranging between 150 and 350 111 (fig .1), 
and it shows a size increase with the depth from 15 to 2.5 g. 

Further species differences are d•~e to spatial distribution: 
biomass irodices <11> and related variance (u-2) show a larger population 
homogeneity in the a.,_ sphiraena (!J=85, u-=12> than in 'i..,_ leioqlossus 
(!J=58, .,-=22). The immediate meaning of such a large differences is a 
typical clumped disb·ibution in 'i..,_ leioqloss•~s and a relatively more 
uniforM one in a.,_ sphyraena (see the evidence in fig 2). 

Along the 200 m isobath, 'i..,_ leioqlossus overwhelm !h. sphyraena 
even if also the a.,_ sphyraena maximu• concentration site locates in 
the same points; elsewhe1•e is always the opposite. 

These ab•~ndance differences cannot find a reason neither in depth 
tolerances of the species (both live between 100 and 450 m) nor in the 
predation (it is very unlikely an hake, a withing or an angler fish 
able to distinguish the two species and selectively catch one or the 
other). 

The only possibility is a partially overlapping niche which came 
out in total agreement with the Lotka-Vol terra competition theory. 
Along the 200 m depth 'i..,_ leioqlossus has a higher live-efficiency: it 
is a more specialized species. As soon as the depth changes, !h. 
sphyraena shows its stronger fitness with different environMents and 
it results more abundant than the other species. Food habits may 
represent the original reason, since preliMinary analyses of stomach 
content show a larger occurrence of ophim•oids in B.,_ sphyraena than in 
'i..,_ leioqloss•~s. while in both species crustaceans are the dominant 
food. 

Further diet studies and life-history investigations can validate 
and better support the competition hypothesis even if no other 
likely reason has been yet found to explain the distribution pattern 
of the two species. 
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SUMMARY 

In the August of 1987, three beam-trawl hauls were perfonned in the 
deep waters of Gb"kova Bey, Aegean Sea and 10 fish species were obtained. Of 
these, the following species; Nezunia sclerortzyncllus, H,ymenoce)?halus 
italicus,Gadiculus argenteus, Phycis blennoicles, lbploste1b.ls mediterraneus, 
Microichtllys coccoi and Lepidornamus Wliffiagrnis, are reported for the 
first time from Turkish seas. 

MATERIAL AND METHODS 

This study is realised by means of the research vessel, R/V K. Piri 
Reis, utilizing a Hydrobios beam-trawl with a mesh size of 10 rrm. The hauls 
were performed at the three stations chosen in Gbkova Bay (Fig. 1). 

0 
AEGEAN 

SEA 

Fig. 1: Stations in Gbkova Bay samples 
were collected 

T~ prevent the beam-trawl net from filling-up with rrud and bursting 
the hauls were made in short periods of 10-15 minutes and the obtained 
species were fixed in 5 % formalin and then kept in 70 % ethanol. 

RESULTS 

The results of. our investigation is surrmarized in following Table 1. 

SPECIES (n) 

( 1) Gaproo aper (Linn, 1758) 

(3) I.esuourlg<lbius ~rlesli (Malm, 1874) 

(2) ~us italicus (Giglioli, 1884) 

(3) Godiculus argenteus (Guichenot, 1850) 

(1) Micranesistus poutassc>.t (Risso, 1826) 

(1) Plzycis blen>Oides (Brtlnnich, 1768) 

(3) LepidortlalbJs boscii (Risso, 1810) 

(2) ~us italicus (G1gl1ol1, 1884) 

G!XGRAPHIC llEP'rnS TYPE OF 
LOCATictl in (m) llO'l'I1:M 

(2) Nezun1a eclcrortl;yn::h.Js (Valenciennes, 1838) 3 36°53'N 

(1) H:lplostettuo Ol!dl.terranous {Q.wier, 1829) 

( 1) Micro1chtt1rB coccoj. (l<!.lppel, 1852) 

(3) Lepi- boeCli (RiSso, 1810) 

(2) Lepi-~ (Walbeun, 1792) 

27°39 1E 

Table 1: 'lhe species obtained from three beam-trawl hauls in Gbkova Bay and 
their distribution to the stations. 
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Les etudes entreprises depuis le debut .des annees 80 a 1 'aide des techniques d 'e
lectrophorese des enzymes (ou autres proteines) en gel d 'amidon ont permis d: revi
ser les relations genetiques et phenetiques existant entre les taxons vulg122"!.s, ae
gyptiaaa et senegalensis du genre Solea. 

Les recherches realisees dans nos laboratoires ont porte sur des echantillons d' 
adul tes preleves (I) en Atlantique, sur les cotes du Senegat (Dakar), du Portugal 
(Lisbonne), de France (Baie de Vilaine, Charentes Maritimes, Cotentin-~st), et (2? 
en Mediterranee, sur les cotes d 'Espagne (Ebre), de France (Golfe du Lwn), de 'fun1-
sie (Golfe de 'funis et golfe de Sf ax), d 'Egypte (Canal de Suez, Ismailia) et de Gre
ce (Golfe de Thessalonique). 

So lea vulgaris et So lea senegalensis. Ces especes se distinguent grace a la dif
ference de coloration de leur nageoire pectorale. Par centre, il y a un recouvreme!lt 
du nombre de vertebres (43-46 pour senegalensis et 45-52 pour vulgaris). Les etudes 
electrophoretiques ont permis de verifier leur isolement genetiqu~ eu deux endroits 
oii elles vivent en sympatrie : Golfe de 'funis (GOUCHA,I982) et Delta de l'Erbre (SHE 
et al., 1987a). Ces taxons sont de "bonnes" especes se differenciant par des alle
les au niveau de 8 locus (diagnostiques) sur 29 etudies (27 ,6%). 

Solea vulgaris et Solea aegyptiaaa. Aegyptiaaa a ete distinguee de vulgaris par 
CHABANAUD (1927) qui la considerait comme une sous-espece de vulgaris. La situation 
de ces taxons n'a ete eclaircie que recemment parce qu'il est difficile de les dif
ferencier par leur morphologie externe, le critere le plus discriminant etant le 
nombre de vertebres (39 a 44 pour aegyptiaaa et 45 a 52 pour vulgaris). 

Leur isolement genetique qui a ete mis en evidence dans tous les echantillons de 
Mediterranee etudies (Golfe de 'funis (GOUCHA et al. 1981), Golfe du Lion (QUIGNARD 
et al. 1984), Canal de Suez (SHEet al. 1987b) et dans le Golfe de Thessalonique 
(presente note) ) a permis d' elever aegyptiaaa au rang d' espece. Nos etudes de ces 
taxons montrent (a) qu' ils se distinguent par 9 locus diagnostiques sur les 29 etu
dies (31 ,03%), et (b) que vulgaris existe dans toutes les localites oii aegyptiaaa 
est presente. 

Solea senegalensis et Solea aegyptiaaa. Ces taxons vivent en sympatrie dans le 
golfe de 'funis et dans le golfe du ·Lion (QUIGNARD et al. 1986). L'etude du polymor
phisme enzymatiqtie des populations de ces regions suggere que leur isolement n'est 
pas total. En effet, les populations d 'aegyptiaaa et de senegalensis provenant de 
regions eloignees de ces zones de contact possedent des alleles differents, done 
totalement diagnostiques, au niveau de 5 des 9 locus etudies ( 17 ,24%). Dans les zo
nes de contact, ces 5 locus ne sont plus diagnostiques : les alleles specifiques d' 
aegyptiaaa sont presents a faible frequence dans les echantillons de senegalensis de 
'funisie, et les alleles spi§cifiques de senegalensis dans les echantillons d 'aegyptia
aa du golfe du Lion. Nous avons montre par differentes methodes que ces alleles sont 
fortement associes chez ies individus qui les possedent. Ces associations multiples 
s'expliquent au mieux par une introgression tres recente, voire actuelle. 

L' introgression dans les deux zones de. contact: est dissymetrique; dans le golfe 
du Lion, elle semble se fa ire de senegalensis vers aegyptiaaa (indice. d 'hybridation 
I = 13%) et, dans le golfe de 'funis, d 'aegyptiaaa vers senegalensis (indice d 'hybri-. 
dation I = 16,1%). 

Les donnees sur les variations du nombre des vertebres peuvent s'expliquer par 
l'hybridation. Senegal.ensis a 45-46 vertebres dans toute son aire de repartition 
en Atlantique comme en Mediterranee et aegyptiaaa de 39 a 43 vertebres. Ce n'est 
que dans le golfe de 'funis que certains individus de senegalensis ont un nombre de 
vertebres intermediaire (43-44), fait qui peut etre mis en relation avec le sens du 
flux genique precedemmimt decrit. 

En conclusion, Solea vulgaris est une espece dist:incte des taxqns aegyptiaaa et 
senegalensis qui peuvent etre consideres comme des semi-especes puis que, mslgre 1 • 
hybridation dans les zones de contact, elles gardent· dans 1 '-ensemble leur identite 
genetique. 

Le scenario le plus vraisemblable de 1 'origine de ces trois taxons est le suivant 
: vulgaris se serai t separee de 1 'ancetre du groupe senegalensis /aegyptiaaa i 1 y a 
tres longtemps, le premier occupant essentiellement le Nord c;le l'Atlantique-Est:, le 
second le Sud. Au contraire, la separation de senegalensis et aegyptiaaa est beau
coup plus recente. Leur ancetre commun aurait colonise la Mediterranee. La separa
tion de 1 'Atlantique et de la Mediterranee pendant une des glaciations, aurait per
mis aux deux populations d' evoluer independatmnent, aboutissant aux differences gene
tiques observees aujourd 'hui dans les regions qui ne sont pas des zones de contact. 
Recemment, senegalensis aurait recolonise la Mediterranee. L'isolement sexuel n'e
tant pas complet, nous ass is tons dans les zones de contact a des phenomenes d' intro
gression secondaires. Ces hypotheses concordent bien avec la distribution geogra
phique actuelle des trois taxons. 

CHABANAUD, P. (1927). Bull.Inst.Oceanogr. M:>naco, 488, 67 p. 
GOUCHA, M. (1982). These Doct.3eme Cycle, Biol.Marine, Univ. de 'funis, 192 p. 
GOUCHA, M. et KTARI, M.H. (1981). Rapp.Comm.Int.Mer Medit., 27 (5), 131-133. 
QUIGNARD, J.P.; PASTEUR, N. & SHEHATA, S. (1984). Rev. Trav. Inst.Peches Marit. 

46 (4), 273-284. 
QUIGNARD, J.P., BOURQUARD, C. & SHEHATA, S. (1986). Vie et Milieu, 36 (2),141-143. 
SHE, J.X., AUTEM, M., KOTULAS, G., PASTEUR, N. & BONHOMME. F.· (1987·). Biol.J.Lin. 

Soc., 32, 357-371. 
SHE, J.X., GUELORGET, 0. & AUTEM, M. (1987b). C.R.Acad.Sci.Paris, 305 (3), 65-68. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

V-II41 
Geographical and depth distribution of Rays 

In Northern Tyrrhenian Sea 

F. SERENA, R. BAINO and P. RIGHINI 

lslituto Scientifico e Tecnico di ldrobiologia e Pesca, Livorno (ltalia) 

ABSTRACT: The s1x commonest spec1es of rays have been analysed 1n 
relation with the geographical and bathymetrical 
distribution. The catch abundance and the individual aver<>ge 
weight per tow indicate some particular differences between 
these species, 

The r<>ys represent an import<>nt part of fishing product of 
T•Jscany: their economic<>! value is Q•.Jite high, and in the marine 
environ11ent, they represent the top level of the trophic web, because 
of their predator habit upon crustaceans decapods, polychetes and 
fishes. 

In 1985-87, five tr<>wl surveys of experiment;;,! fishing were 
devised to assess the Northern Tyrrhenian demersal reso•Jrces: 30 tows 
each survey have been carried o•Jt with a bottom trawl of 81 TSL and 
420 HP in the depth range between 10 and 700 m. 

Altogether, d•Jring the five surveys, the yield of rays has 
re;;,ched 265 kg (679 specimens) with catches of the following six 
species, where percent values represent the rel;;,tive CPUE: ~ 
clavata (66 %) , ~ miraleb.Js <18 %) , ~ polystiqma <7 X>, ~ 
asteri;;,s (6 :o, ~ montaqui (2 :o and ~ oxyrinchus (1 %) • 

The six species of r;;,ys can be divided into three groups 
belonging to three m;;,in bathymetric;;,! zones <Fig.l> : 

A first group of shelf (10-150 m depth> includes R. asterias, 
R. montaqui ;;,nd R. mi raletu,.. 

Fig. 1: Abundance of the six North Tyrrhenian sea rays. 

The second zone of shelf-edge (100-200 m> groups the two species 
R.polystiqma and R.cl;;,vat<> into ;;, level which is char<:~cterized by the 
community of the detri tic assembl;;,ge. 

The third group is representative of the slope where the 
community of b;;,thyal mud is the characteristic one: typical rays are 
R. oxyrinchus <:~nd R. cl;;,v;;,t<>. 

In respect to the aver;;,ge fishing yield, R.clavata is the 
predominant species with CPUE over 4 kg/hour; this is <>lso confirmed 
by the studies c:arried out on the daily landing of fish in Livorno: 
R .clavat<> actually represents 60-70 % of the tr;;,ded rays whereas the 
presence of other rays in the fish M;;,rket is just occasional: Some 
commercial import;;,nce are also due to R.miraletus, R.asterias and 
R. polystiqma <CPUE •JP to 1 kg/h) . 

Fig. 2 :Geographical distribution of the most important rays in the 

surveyed area.:!!.clavata (left), :!!-miraletus (:cigh.t:). 

The geographical analysis <fig.2> brings to conclude that the 
Corsican shelf and the surrounding slope-edge show the presence of all 
the six species of rays: the only exception is R.montaqui which is 
characteristic in the coastal zone, south of the Secche di Vad.a: 
R.miraletus is common in the shelf off the Capraia Island too, and 
R.clavata is distributed in the whole surveyed area. 

The gre;;,test concentrations usually correspond to the zones 
where the medium irodividu<:~l weight is higher, and the average weight 
of fished specimen do not exceed 0.5 kg: exceptions are R.monta9ui 
(2 kg) and R.clavata ;;,t higher depth. Actually the R.clavata has to 
face an intense fishing pressure along the shelf-slope edge (200-300 
m), where the fishery is particula1·ly attracted by high yield of 
ceph;;,lopods, gurnards, gadoids etc., where the fishing effort is 
lower <i.e. 400- 700 m> the medi•Jm individ•Jal weight of R.clavata 
r;;,ises over 5 kg. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 
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V-Il42 
Trawl catches off the Western Greek Coast 

V. VASSILOPOULOU and Ch. MYTIUNEOU 

National Centre tor Marine Research, 16604 Helllnikon (Greece) 

Information is provided on trawl catches in the gulfs of Pa.traikos 
and Korint.hiakos and in the Ionian Sea, from September 1983 t.o June 
1984. 

Gadidae species predominated in the three areas, part-icularly in the 
Kor i nt.hiakos Gulf, where they reached 90'll of the total number of 
individuals (Fig. 1). In the Pat.raikos and the Ionian, Cent.racant.hidae 
an•j Spar idae came next. throughout. t.he ye,ar. Carangidae seemed to be 
11umerous in September and December and Trigl idae exhibited maxima in 

........ 

equency of occurence of the dominant fish families in the 
gulfs of Pat.raikos and Korint~hiakos and in t.he Ionian Sea (1993-1984): 

'December in t.he Pat.raikos, while in t.he Ionian Mullidae, Triglidae, 
Argentfnidae and Serranidae appeared with a certain regularity. In the 
Korinthiakos, Mullidae, Sparidae. Argent.inidae, Capro1dae and 
Macrouridae were also present. while all other families 
•·epresented by very fe"' individuals 

During t.he summer there \l,lere 69 species in the Ionian and 50 in the 
Patraikos, while in the winter they became :36 and 37 respectively. In 
t.he Korint.hiakos t.t·,e number of species was between 47-52. The main 
species of the Pa.traikos (Fig. 2) was Merluccius merluccius, which 
predominated during all four cruises, din-.inishing from December till 

Fl.g,2. Frequency of occurence of the dominant. fish species in t.he gulfs 
of ·Patratkos and Korinthiakos and in the .Ionian Sea <1983-1984). 

June. Trisooterus minutus cape,llanus and Spicara flexuosa appeared in 
•·elatively high proportions; Micromesistius poutassou, having very few 
individuals from September till April, made a strong contribution in 
June up to 52% in the total catches. In the Korinthiakos (Fig.2l, 
Ga•jinculu!i argenteus arqe,nteus dominated; all other fish represented a 
small percentage of t.he catch. Species with lirnited, but constant 
appearance were Pagellus acarne, Mullus barbatus, Argentina shyraena 
and Coelorhynchus coelorhynchus. M. poutassou accounted for a 
significant portion of the December catches in this area, while its 
p>·esenc"' remained to quite low levels during the other three sampling 
months. The abrupt. increase in the number of individuals of this 
spec ie!l in t.h" Patraikos in June and in the Korinthiakos iln December, 
in combination with the fact that it exists there in very small numbers 
during the rest of the year leads to the assumption that this fish 
shi ft.s froM one gulf to the other. In the Ionian (Fig. 2>, G. argent.eus 
also predominated, except December, when no G. argenteu• was caught. 
S.flexuosa M barbatus and S.smaris represented an important part of 
i.he Ionian catche'!t. Generally, in the Pat.raikos and in the Ionhan the 
number" of species and individuals were risirg during the June -
s .. pt.ember period, fact. related to the prohibition of t.rawl fishing in 
thos,. .,reas after June. 

~> ~:> -~-~ 
~- ,~ .. -~ 

~Cit:!> ~£C€~ Y"£t•£~ 

Fig . ..3. Prop9rt.1ons of numbers and we1ght.s c•f the coMmercial species in 
the gulfs of Patraikos and Korinthiakos and in the Ionian Sea 
(1983-198A._)(~:I1 m•rlucciu•, 2:M pout.•,2gu, 3:T capellanus, 4:M barbat.uw 
S:P sryt.hrinua, 6:~. 7:0 annularis, e:·S.flexuoaa, 9:~Ati.I-

Figure 3 show• the numbers and weight.s of the commercial species of 
the three areas. In the Pat.raikos they reached 70.8% of the total in 
weight and 79.5S in number. Hakot was the most important.. The 
Korinthiakos exhibit .. d low proportions of commercial species, with t.he 
exception of M. poutassou in the December catches. In the Ionian, the 
catches h,.ld mostly S. smar is and S. f lexuosa, then M. mer lucc ius 
M.barbatus and T.capellanus. These observat.ions indicate that. of the 
t.hree areas, the Patraikos has the highest fishing interest. The, fact. 
t-hat, in this area~ the prc•port~ions in weight. ·~f t.he commercial sa:•ecies 
a>·e quite larger than the pro:;port.ions in numt•el'S in comparison wi t.h t.he 
Pat.raikos, where the two proportio~s were near•ly t.he same, cbrroborat.e-s 
t.he view that. th"' latter is an area of concentration of young 
ln•jividuals(Papaconst.cnt.inou et a1 .• 1987). _ 

The index of similarity (Qs) was used as a measure of diffet"ence 
t•~?tween cat.cht!-s from the three ar~s and was cal culat.ed according 
Jatda• ( 1985). ... ranged between 73. l-77. 3 and was higher in ar.,as 
g~Ographically closer, thus presenting the lowest value (73.1) between 
tne Korinthiakos and th., Ionian and the highest between the Patraikos 
and the Kor1nt.h1ako!l (77. 3>. 
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La p~che en Catalogne (NE Espagne) 

M. DEMESTRE, L RECASENS et P. SANCHEZ 

lnstituto de Ciencias del Mar, Paseo Nacional s/n, 08003 Barcelona (Espana) 

La presente etude fait partie dU programme "La pesca en Catalufla" subventionne par la 
Direction Generale XIV de la Communaute sconomique Europeene. 

La cote catalane presente 552 Km. de littoral, avec un profil topographique tn>s 
irregulier. La ligne cotiere est parall<He a celle de l'orographie, et 62'll du littoral 
presente une topographie de cote basse avec des plages de sable. Le relief de la zone 
plus septentrionale (jusqu'il. Blanes) est tres escarpe, le largeur de la plateforme 
continentalle oscille entre 3 et 11 milles et la pente du talus, parfois tres 
prononcee, est si tuee pres de la ligne cotiere. Le reste de la cote presente, en 
general, une plateforme continentale de 35 milles de largeur, le debut de la pente du 
talus est pourtant plus eloigne de la cote et plus faible. Il y a 25 villes avec port 
de pOChe en Catalogne, mais l'activite maritime se concentre dans 11 ports seuiement. 
n existe aussi 12 villes sans port de pOChe mais au 1 'activite maritime n 'est pas 
negligeable. <Fig. 1), La pOChe en Catalogne est multispecifique, avec une grande 
variabilite d'engins de pl!che qu'on peut classer en trois groupes: les ch.aluts •• les 
filets tournants, et les petits metiers (le filet tremail, la palangre, le cadup • la 
•sansera•, le •rastell", etc.). Les deux premiers groupes representent 751; des captures 
totales et les petits metiers 25% seulement, alors que ces derniers representent 60% 
de la flottille. La composition de la flottille de. Catalogne <d'apres l'Annuaire des 
Pl!ches Jlaritimes, 1983) est de 2018 bateaux <458 pour le chalut, 240 pour les filets 
tournants et 1320 pour les petits metiers), avec un TRB de 27806 et un HP de 198115 . 

• CHALUT 

• FILET TOUANANT ~ TREMAIL 

+ FILET MIIILLIINT <@FILET SIMPLE 
A PIILIINGRE 

!:; HAME¢0N 

* "AIISTELL" 

O"GABIII" 

O"CIIOUPS" 

O"SONSERII" 

0 NASSE 

<> "AROS" 

Fig. 1.- Relation des diffl!rents arts utilise; en la cate catalane 

ROTATION DES ARTS DE P~CHE. Les petits metiers sont utilises, en general, d'une fa<;:on 
alternative, ou bien complementaire, les uns par rapport aux autres <Fig. 2). Les 
tremails sont utilises pendant le printemps et l'ete pour ~ ~. le grand 
rouget <llllllu:i spp.>,. la dorade (~ llJII:lrtll,), le loup <Dicentrarchus l.llllm>, la 
petite sole <Salell i.. ~l, 1a langouste ~ ~) et en automne
hiver pour le petit rouget, le grand sole, et la seiche <~ ~). Les filets 
simples sent utilises au printemps et en ete pour pl!cher le rouget, le pageot 
(~ lll<lll:U>, et le merlu <~ ~), celui ci jusqu'a l'automne, et en 
automne-hiver pour la dorade, le loup, et le marbre (!1tbggAAthus ~). Les 
palangres sont calees pendant toute l'annee, seul le "palangr6" <petit palangre de 
fond> est utilise en hiver pour la pOChe des loup, daurade et des autres Sparidae. Ces 
trois arts de pOChe sont les plus utilises dans les petits metiers. D'une fa<;on 
complementaire 11 y a les "cadups• pour la pOChe du poulpe <~ ~) en 
automne-hiver, les nasses pour le poulpe et la langouste en automne et pour la seiche 
au print.emps et en ete, et les •aros• pour ~ l1ll1:iAb1.l15. pendant l'automne, l'hiver 
et le printemps. Le •sonso• <Gymnammodytes ~) est pOChe a la senne pendant 
toute l'annee, sauf en Decembre et Janvier. Les •gabies" et les •rasten• <sorts de 
draguesl sent specifiques de la pOChe aux mollusques bivalves et gasteropodes. Elles 
sent utilisees d'une fa~on independante par rl!m!ort aux autres petits aetiers. 

[!I S.OFFlCIHAUS 
0 . . 
l!J W.SURt.IULETUSig.} 

I!! .. t•J 
@ M.SURMULETUS 
!jJ SPAA10AI! 
@ •• ...... 
Iii S.VULGA.RIS{P.) 

Iii· · tv 
8L.MORMYRUS 

8f!ACARNE 

8M.MI!Al.UCCIUS 

• DG.CIC!REt.US 

~P.K£RATHURUS 
fil~ !l.EPHAS 
0 ... 
As.sARDA 
@ •• 

Oo.vut.GARtS 
0· 
*M.VAFUA81US 

Osrv.u.ves 

*M.BRAH-

Ja F M A Ma J Jll Ao S 0 N 0 

-
- -
-

-----------------------======~~ 

Fig. 2.- Altenumce des petits ..t:lars groopes par esp6ces cibles. 

LIIS PLUS IIIPIJKTUTliS BSPaCBS CAl'TIItii!S. La capture totale pendant l'annee 1965 en 
Catalogue fut de 52036.703 Tn. <d'apres Annuaire Pilch~ llaritime, 1985). Les plus 
importantes prises par rapport au poids total des captures furent les poissons <59 .5\ 
les petits pelagiques et 30% les demersauxl, suivis des mollusques (8.51;) et des 
crustaces (21;). Ce sont les poissons pelagiques, principaleaent la sardine <SAD11AA. 
~) (40.21; des prises de poissons) et l'anchois <I!Jli,l::lwlj,a epcnslcplus) 
(10.9\), qui sont les plus pl!chl!s. Quant aux especes demersales ce sont le merlu <4.5\l 
et le merlan bleu (!icrpmesist1us ~) (5.5%> les plus capturees. Chez les 
mollusques ce sont les cephalopodes <Q. ~ et ~ ~) <50.3\ des 
prises de mollusques> et les moules (~ spp.) <141;) qui provienent la plus par1 
d'elevage, qui sent ponderants. En fin chez les crustaces les plus captures sont 
constituees de crabes <~ spp.) <31.51; des prises de crustaces) et de crevette 
rose ~ ~) <30.5%). 
RBmiRCIJIDITS: lous remercions a lime. E. Henrich la traduction du manuscrit. 
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La p6che dans Ia region de Valence (Espagne-Est) 

M. MARHUENDA et R. OBARTI 

Institute de Ciencias del Mar, Paseo Nacional s/n, 08003 Barcelona (Espana) 

La presente etude fait partie du programme "La pesca en Valencia" subventionne par 
Direction Generale XIV de la Communaute sconomique Europeene. 

La communaute Valencienne a un littoral de 463 Km. Pres de Valence il y a la lagune 
Albufera, et a Sta Pola, Calpe, Torrevella, la !lata on trouve des Salines. Il existe 
aussi de petites iles comme celle de Tabarca, et l'archipel des Columbretes. Il y a au 
total 21 ports, bien que certaines zones de p~che en scient depourvues. Les activites 
sent dirigees par des confreries au nombre de 22. La p~herie est multispecifique, 
avec une grande diversite, non seulement par rapport au nombre des especes, mais aussi 
par rapport aux engins de ~he, et a la fat;on de les utiliser. <Fig. 1> La production 
totale de la Communaute Valencienne etait en 1987 de 45.000 Tn. La capture des 
crustacea est fondamentale dans la. partie sud du littoral de la communaute <de Sagunto 
a Guardamar). Dans la zone lord (de Vinar6s a Borriana) c'est l'es~e PenBeus 
kerBtburus la plus importante; la p~he de cette crevette est en train de diminuer 
actuellement. En ce qui concerne les mollusques, la zone la plus importante est celle 
comprise entre Cullera et Gandia, et c'est A partir de Denia que cette ~he commence 
a se practiquer. Dans la province de Castellon, le port le plus important en volume 
de captures est celui de 
Castellon, qui a une des 
flpttilles plus importante. On 
peut remarquer une 
augmentation de 1' interet pour 
le secteur de la peche dans le 
port de Borriana; la 
diminution du nombre 
d'emb!Jrcations dans le port de 
Vinar6s, et la grande 
variabilite des captures dans 
les autres ports avec une 
peche peu importante de 
J~MJllusques et de crustacea. 
Dans la province de Valence, 
le port le plus important au 
niveau des captures est celui 
de Valence. Cullera et Gandia 
sa'nt remarquables pour leur 
flottille, en dominant les 
tremails, et les •gables• 
{espece de drague) pour la 
capture de CbB.Illelea gallina. 
Dans la province d'Alacant, la 
criee qui a le volume le plus 
important des ventes est celle 
de la capi tale. Celle ci 
accueille des flottilles 
d • autres ports sourtout des 
palangres de Xipbias glBdius 
qui representent le 40% de la 
totalite de ventes. Le port de 
Sta. Pola a la flottille la 

• CHALUT 

• filET TOURNANT 
f!J TnE.MAil 
(.!>FilET SIMPlE 
A. PALANGRE 
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O"CADUPS• 
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# "Anos· 
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j 

f 

... ·::::~. 
- • 111aOo• 
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•1n. ••Ill•&• 
~~-·· "'"'"" 11::.;:.·11 1'1:.·8·• 

1, 

~!u~ni~zo~!a~h:.n TRB, HP et L--------------------' 
Fig. 1.- Relation da; arts utilis66. 

FLOIILLB: Selon les sondages dans la Communaute Valencienne, les engins qui 
representent le plus forte nombre d'embarcations sent les petits metiers <51.7%>: filet 

i:Uun. "Llenca" 

Filet simple 

Tr~. P. elephlts 

Tre. P. ervthrinus 

Tr~. P. kerathurus 

Tr~.~ 

Tre.~ 

•cadups" 

'"!4oruna .. grande 

"Moruna" moyenne 

-------------------- -------------·--------- ---

---------------------------------------------
--------------------------------------

"Horuna" P. ker.sthurus 

.. l'l:Jruna;" A. IDOchan 

l':lg. 2.- AlterDaDCe des petits lletiers pendant l'IUUIAe. 

tremail, palangre, etc. Le chalut <39.3%) est la deuxieme 11odalite de ~he de la 
communaute, et le premier pour les captures. Le filet tournant <9%) est peu pratique, 
et il est utilise par des b!Jrques provenant d'Andalousie et de Xurcia. L'Age moyen de 
cette flottille est de 20 annees. La composition de la flottille de la Co11munaute 
Valencienne <d'apres 198'7) est de 1090 b!Jteaux <458 pour le chalut, 240 pour les 
filets tournants et 1320 pour les petits metiers), avec un TRB de 31885.89 {82.8% pour 
le chalut, lU filet tournant et 6.2% petits lletiers) et un HP de 187092 ('79.4% chalut, 
10.9% petits metiers et 9.7% filet tournant>. 
PBTITS IIBTIJDIS: Les pecheurs aux petits 11etiers changent d'engins de peche tout au 
long de l'annee selon l'epoque, et les es~es cibles. Il existe une grande diversite de 
petits metiers qui aug•ente vers le sud, sourtout en filets maillants. Le poulpe 
<Octopus vulgaris> est peche avec des engins denommees "cadups• et Cba111elea gallina 
avec des •gabies". <Fig. 2> 
I!SPI!CBS: Les prises par rapport au poids en 198'7 furent: 88.9% les poissons, 8.4% les 
mollusques et 2.7% les crustacea. Le n011bre d'es~es com11erciales est de 25-30.Les 
plus i11portantes sent la sardine <Sardina .pilcbardus), l'anchois <Engraulis 
encrasicolus>, le 111erlan bleu <Xicro:aesistius poutasou), le rouget <Xullus sp>, le 
merlu <Xerluccius 111erluccius>, et la sole <Solea vulgaris). Il y a des esp~es 

saisonnieres comme l'anchois <Engraulis encrasicolus>, et le merlan bleu 
<XicroJJesistius poutasou> qui sent deux des es~es les plus importantes en. volume de 
peche conjointement avec la sardine. La peche du rouget est 'tres forte A la fin d'ete 
et au debut d'automne. Le bonita (Sarda sarda), le then <Tbunnus thynnus> et Cba111eletJ 
gallina sent aussi des es~es saisonnieres. 
lmJIBJICJl!JIKITS: lous remercions a lime. E. Henrich la traduction du manuscrit, et A 
nous collegues l!. Demestre, P. sanchez, L. Recasens et P. l!artin pour nous aide dans la 
confection de cet note. 
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V-II45 
Note prellmlnalre concernant Ia peche de 

Gymnammodytes clcerelus en Catalogne (NE de I'Espagne) 

P. SANCHEZ et M. DEMESTRE 

Institute de Ciencias del Mar, Paseo Naclonal s/n, 08003 Barcelona (Espana) 

Le presente etude fait partie du programme "La pesca en Catalu!la" subventionne par la 
Direction Generale XIV de la Communaute sconomique Europeene. 
DBSCRIPTIOI DB L'BIGII ET ll!IOBUVRI! DB PACHB. C'est une senne <•> utilisee presque 
uniquement pour la ~he du lanc;on <Gymnalllmodytes cicerelus>. Cette senne a une 
structure de chalut <1 poche et 2 ailes> mais sa manoeuvre en p~he est celle d'un 
filet tournant. La longueur total de l'engin est d'environ 150 m, avec des ailes de 80 
A 100 m de long sur 12 m de haut, et une poche de 20 A 50 m de long. La poche a une 
maille plus bouchee appelee •mantellina" qui permet sa ouverture. 

Les fonds de ~he sent couverts de sable grossiere et ant une profondeur de 2 A 
15 m. L'engin est leste pour que le bourrelet touche le fond et que la relingue de 
flotteurs reste en surface. On detecte le lanc;:on avec une sonde puis on verifie qu'il 
s'agit du lanc;:on et non de juveniles de sardine au d'anchois A l'aide d'une instrument 
appele "mirall" (cone qui porte un verre A sa base). Apres, on cale le filet en 
immergeant progressivement une aile puis la poche et finalement l'autre aile pour 
entourer le bane de lanc;:on. L'engin est alors tire par un cabestan place dans l'axe 
longitudinal au transversal de la b!Jrque. Durant la manoeuvre on moulle une petite 
ancre dans le sens oppose A la traction pour eviter que le b!Jteau passe sur le 
filet. La •sonsera" est l'unique senne autorisee par la lei de 1987. 

Q) {!) 0 

Fig.-1. Schema du 
fonctionnement de 
la senne. 

LA FLOITILLB DB PACHB • 

En Catalogne denombre 
seulement 26 b!Jrques p~hant 

lanc;:on. Elles sent reparties dans 
les ports suivants: Palamos, 
Blanes et Arenys et sur les " 
plages de Tessa, Lloret et 
Calella. La zone de peche atteint 
L'Estartit <Fig. 2>. Les 
emb!Jrcations ont '7 a 8 m de long 
et uns puissance de 40 A 70 H.P. 
L'equipage est de 2 ou 3 hommes. 

Fig.-2. Zone de ~he du •sensa•. 

-,-_ 

LA PACBBRIB DB GTJIJAlfJ(fJIJTTHS CICJIRJJLllS. La peche est localisee a quelques endroits 
de la cote catalane. Elle n'est pas pratique ailleurs en l!l!diterranee. Le lant;on est 
capture toute l'annee, sauf pendant la periode de reproduction <decembre-janvier>. 
Durant ces mois on ~he alors la "llengueta• <CrystallCJSObius linearis) parfois 
jusqu'en avril. Dans les captures on peut aussi trouver d'autres es~es com11e le 
pageot <Pagellus spp.>, le calmar <Laligo vulgaris>, la vive <Tracbinus spp.>, le poulpe 
<Octopus vulsaris), la b!Jrbue <Scopbtba:U.us rhombus> et la bogue <Boop boops>. Au 
cours de una journee de ~he on cale de 3 A 10 fois le filet, chaque manouvre dure 15 
A 45 minutes. 

ESTARTIT BLANES 

ARENYS BLANES 

i 

Fig.-3. Frequences des tailles du lant;on en l'ete et en l'hiver. 

J.>RBQUBICB DB TAILLBS. Dans les zoutOS echantillonnees les exemplaires peches en hiver 
sent plus grands que ceux r~oltes en ete mais les individus ant la m~me taille s'il 
sent peches a la meme epoque. <Fig. 3) 
lmJIBJICII!JOIITS: ll'ous remercions A Jlme. E. Henrich la traduction du manuscrit. 
• Jl'omenclature d'apres Catalogue des engins de peche artisanale. FA0,1975. 
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V-II46 

On the dynamics and management of the t! group Hake 
(Merlucclus merlucclus> off the W. Coast of Greece 

C. PAPACONSTANTlNOU 

National Centre for Marine Research, 16604 Hellinikon, Athens (Greece) 

lliTRODtJCTI OI 
The hake <Jierluccius a.rluccius L. > ranks aaong the aost important 

comaercially species in Greek Seas, a.aunting to soae 1200 tonnes annu
ally. The biology and the feeding habits of the species have been stu
died intensivelly for the last years <Caragitsou 6 Tsia.nidis, 1977; 
Tsi-.nidis et al., 1978; Tsi.,.nidis et al., 1985; Papaconstantinou et 
al. • 1986; Papaconstantinou 6 Caragitsou, 1987>. This paper presents 
results on the seasonal migration and fluctuation in abundance of 0 
group hake in the Patraikos Gulf <nursery ground>, and their implica
tions to fishing management. 

JIATBRI.&L Am> JIBTHODS 
A general fishing survey of the study area started in June 1983. 

From June 1983 to June 1985, year round trawl BIUiples were taken at 
collecting stations, at appro><iaately three .anth intervals. Trawl 
samples were taken in three areas, the Patraikos Gulf, the Korinthiakos 
Gulf and the Ionian Sea, by .sana of a 425 HP coaaercial trawling ves
sel. A 60 • trawl, with 28- stretch mesh bag, was used to make 30- 45 
min hauls at each stations. Age was deter•ined from otolith readings. 
Total mortality estimates were obtained fro• the catch-curve methods 
~~~~~r;..,!~:: Pauly, 1980>, while natural .artality fro• Pauly~s 

RBSULTS Am> DISCtJSSIOI 
The abrupt reduction of the .abundance of 0 age group between Sep

te•ber and Dece•ber in Patraikos Gulf, can not be attributed to the 
trawl fisheries, because the aaaples were taken in September, as also 
just before <end of Ioveaber) or after the start of the fishing season 
which, in this area, arlends fro• let Deceaber to 31th Jlarch. Therefo
re, the reduction of hake must be attributed to reasons, e><cept fis
hery, as aove.ant in neighbouring region or natural .artality. 

Fro• the seasonal distribution of the 0 group any substantial 
aoveaent of the group fro• the Patraikos to Korinthiakos Gulf or Ionian 
Sea between Septe•ber and Dece•ber can be concluded. Li•ited .:Jveaent 
to- -rds Ionian Sea seeas to take place· with the start of the nerl 
spring and particularly towards the sea area close to Patraikos, with 
depth up to 130 •· This area, as the seasonal length distribution ana
lysis proved, is the •i><ing area between two different hake population 
ca.ing one fro• the Patraikos gulf and the other fra. the Ionian. These 
two populations differ alaost by si>< aonths at the time of recruitaant. 

Kove.ant of the 0 group fro• Patraikos to Kor!.nthiakos Gulf seems 
to be rather iapropable d._ to the gea.:Jrphology of ·the area <strait 
Rio - Antirio>; also hake with length between 160-190 .. was found 
during winter simultaneously in the whole area of the korinthiakos 
Gulf, which is rather large, aoaething which indicates that the hake 
was born in the Korinthiakos area. 

The recruitment of the 0 group in Patraikos starts in June, beco
mes :.u:i- in Septeaber and reduces substantially in Dece•ber, despite 
the fact that the area is not fished (Table 1); therefore this 
reduction can only be attributed to the natural aortality. This 
conclusion is very iaportant because it .allows the evaluation of the 

TABLE 1. Total aortality of 0 and 1 group hake in the Patraikoe Gulf. 

Round : Io specimens: Total aortal! ty: Round : Io specimens: Total aortal 
-----------------------------------------------------------------------
June 1983 399 0.845 :June 1984: 1228 0.887 
Septeaber 6363 1.302 : Septe•ber: 4276 1.502 
Dece•ber 760 1.089 :Iove•ber : 1812 1. 011 
Jlarch 576 1.020 :Jiarch 976 1.133 
June 1985 1448 0.788 

seasonal variation o:f abundance. Iatural aortality, which is by defi
nition constant, depends on two factors (a) nuaber of hake recruits and 
(b) environmental factors. The first factor seems to be variable in 
time as .low natural aortalityis obeerved in swmer and high aortality 
in autu.n which is mainly attributed to the high densities of young 
hake. In Ioveaber - Dece•ber a sharp decline in the abundance o:f young 
hake occurs as shown by the slope o:f the catch -curve. This decline is 
aeaociated with the decreasing abundance of young bake with size, as 
the- number of mature hake is saall and does not undergo seaeotusl oscil
lations. The second factor is considered rather constant. There are 
indication that the natural .artality o:f the 0 sroup in Patraikoe Gulf 
is due to the feeding habits and to food sbor- tags. Young- of-the-year 
hake preyed mainly on eupbauaiids and ..,..ids. The abundance o:f the last 
two invertebrates is the reason making this area the nursery ground for 
the hake. .As a result of the continous incre- ase af the abundance of 
the 0 group and the growth of -ch individual, euphausiids and aysids 
are not enaugh :for their feeding and tbere:fore increase fish aortality. 
Besides, in the area the presence of decapods and fishes which . for• the 
main prey o:f the larger bake is rather li•ited to st~pport such a large 
population. 

These findings have significant value for the fisheries manage
ment of the Patraikos Gulf, because this substantial quantities of the 
0 group hake should fished -d not left to natural .artality. 
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V-II47 
The relations of the Hake (Merlucclus merlucclys /L./), 

the Blue Whiting (Micromeslst!us poutassou/Risso/) 
and the Poor Cod (Trlsopterus mlnytys capelanus/Lac./) 

to the depth and bottom In the Adriatic 

Radosna MUZINIC 

Institute of Oceanography and Fisheries, Split (Yugoslavia) 

The catches of the studied fishes were obtained within the otter-trawling of the 
"Hvar" Fishery biological expedition, 1948 and 1949, mainly in the central and 
southern offshore Adriatic, at depths from 20 m to 382 m and at a mean de\'th of 125 m 
{KARLOVAC,O., 1956; MUZINIC and O.KARLOVAC, 1975). The means between the initial and 
fin1tl bottom depths of the hauls were used. Most of the hauls lasted 50-70 min. As 
small catches { <500 g) were omitted {KARLOVAC,O., 1959), the data on catches of blue 
wniting and poor cod are incomplete. Extreme total lengths for the hake catches were 
available {KARLOVAC, 0., unpublished data). Lower limits in the 1 em classes were 
applied. The standard deviations are used with the means. 

The hake was present in 98% of the "Hvar" catches (MUZINIC and O.KARLOVAC, 1975). 
In the 150-199 m interval 23% of the catches with 50% of the individuals were taken 
and in the 100-149 m interval 34% of the catches containing only 25% of the 
individuals; 25% and 8% of the catches from the 50-99 m and 200-249 m intervals 
included only 8% and 9% of the individuals (from unpublished data of O.KARLOVAC). Thus, 
the greatest number of the catches was recorded in the 100-149 m interval and that 
of the individuals in the 150-199 m interval. 

The uniqu.e or dominant mode in most of the larger hake catches did not exceed 20 em 
(KARLOVAC, J. and 0. KARLOVAC, unpublished data). Some relation of the lerigth range 
to the depth in the "Hvar" area was recorded (MUZINIC and 0. KARLOVAC, 1975). The 

~~~e! f~~:7 t:: ::~e~:. ~x~e~:~~~ !!~ :n:h~:::e t~;0:e::e l::::r:n~f ui::: !~:!t~~O o! 
13.7 ! 6. 73 em and 38.5 ! 10.00 em {from unpublished data of 0. KARLOVAC). 

The 47 catches containing blue whiting were recorded at depths from 141 m to 382 m, 
mostly from the 150-249 m interval and at a mean depth of 201 m {MUZINIC, 1984). 

In 24 catches with blue whiting from the 150-199 m interval 50% of the individuals 
were found and in 14 catches from the 200-249 m interval 22% of the individuals; 
however, only 3 catches from the 300-349 m interval included 25% of the individuals. 
In spite of the small number of catches and extremely variable numbers of individuals 
in them, a preference of the species for greater depths is obvious. The catches were 
made in the wider Jabuka Pit area {31) and southwards (16). However, the blue whiting 
was recorded in the shallow north-eastern channels (ZEI, 1949; CRNKOVIC, 1959, 1970). 

In the wider Palagruza I. waters the length of the blue whiting was 7-26 em (rare 
exceptions >22 em) (MUZINIC, 1984) and it might have been rather small in the whole 
"Hvar" area too. 

The 121 catches with poor cod were made at depths from 46 m to 258 m, mostly from 
the 100-199 m interval and at a mean depth of 140 m {MUZINIC, 1984). 

The 36% of the poor cod catches from each of the 100-149 m and 150-199 m intervals 
contained28%and48%of the individuals; in the 17% and 8% of the catches from the 50-99 m 
and 200-249 m intervals 9% and 14% of the individuals were found. However,the fish 
is also caught in the shallow inshore waters of the eastern Adriatic.· 

In the wider Palagruza 1. waters the poor cod showed a length of 3-19 em {MU!INIC, 
1984) and it might also have been rather small in the whole "Hvar" area. From an early 
sexual maturity in the poor cod from the north-eastern channels {KOTTHAUS and ZEI, 
1938; ZEI, 1940) a separate dwarf population was presumed (MUZINit, 1984). 

The catches of the hake, the blue whiting and the poor cod were taken above sandy 
and muddy bottoms. 53%, 87% and 67% of their catches realized above a muddy bottom 
included 69%,73% and 75% of the individuals respectively. In the "Hvar" area the 
muddy bottom was recorded, wi4!-h a few exceptions, at mean depths from 150 m to 199 m 
{data of MOROVIC, 1951). Therefore, a preference for such a bottom could not be 
presumed. 
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V-Il48 
Effets des perturbations hydrologiques et climatiques 
sur Ia production halleutlque du lac lchkeul (Tunlsle) 

Amel BEN REJEB et Fredj KART AS 

Laboratoire de Biologie Marine et d'Oceanographie, Faculte des Sciences, 
Campus Universitaire, 1060 Tunis (Tunisia) 

Le lac Ichkeul qui fait partie du complexe lagunaire du nord de la 
Tunisie est une depression allongee de 15 km de long et 7,5 km de large 
couvrant une superficie moyenne de 95 km2 avec un profondeur d' environ 1, 30 m. 

Il est alimente .en eau douce principalement par les apports des 
oueds qui drainent un vaste bassin versant (1500 km2) qui lui est associe et 
en eau marine par 1 'intermediaire du lac de Bizerte auquel il est relie par 
1 'oued Tinja. Ces apports d'eau, regis suivant des cycles saisonniers par 
les conditions climatiques, se font de la maniere suivante : en hiver et au 
printemps (de decembre a mai) lorsque les apports d 'eau douce sont superieurs 
a 1 'evaporation, le niveau du lac monte et on assiste a un courant sortant de 
l'Ichkeul vers le lac de Bizerte. En revanche, pendant l'ete et l'automne 
(de j uin a octobre) quand 1 'evaporation 1' emporte sur les apports d' eau douce' 
le niveau d'eau baisse et il y a un courant entrant d'eau marine. 

Cette alternance du sens du courant se traduit· entre autres par une 
variation saisonniere importante de la salinite qui oscille entre 3.5 et 36%o. 

2 

Niveau de l'eau (m) 
-1984-1985 
-- 1986_1987 

S 0 N 0 

Production (tonne) 
1986---
1987 _,.._ 

N 0 

Variations annuelles du nlveau de reau et de Ia 
production halleutique dans le lac lchkeul 

20 

10 

Du po1nt de vue de la peche, le lac Ichkeul assure une product1on dont 
la valeur moyenne calculee pour la periode 1961-1988 a ete estimee a 128 tonnes 
de poissons, notamment des rouges (68%) et des anguilles (25%). Les rouges etant 
captures le long de 1' annee au moyen de filets tremails mais surtout a la 
bordigue au moment de leur migration reproductrice vers la mer principalement 
en aoilt-septembre. Les anguilles etant pechees essentiellement a 1 'aide de 
barrages de nasses. 

L 1 edification, en cours, de barrages sur les oueds alimentant le lac 
introduira inetuctablement des modifications du regime hydrologique et. par la 
meme, du fonctionnement de 1 'ecosysteme dans son ensemble. Deja des perturba
tions consecutives a la construction du barrage Joumine ont pu etre observees. 
La sous-exploitation de ce barrage ainsi que les fortes pluies d 'hiver de 1987 
out ete a 1 'origine d'une trop forte accumulation d'eau, ce qui a necessite 
la diminution de la charge du barrage par des lachures d'un important volume 
d' eau ( 185 millions de m3). Ces lachures se sont traduites par une montee 
inhabituelle du niveau de 1 'eau dans le lac ; le courant est reste sort ant 
jusqu' a fin septembre, date de 1' arret des deversements. De meme, la salinite 
a beaucoup baisse prenant des valeurs estivales et automnales inferieures a la 
normale, entre 4 et 8 %o. Quant a la production en poissons de la bordigue, 
elle a subi une diminution nette (voir figure), vu que les nuges, n' eprouvant 
pas le besoin ou n' ayant pas la possibilite de repondre a 1 'appel de la mer 
pour aller s'y reproduire ont echappe aux chambres de capture de la bordigue. 
Aut res consequences : la presence sur les berges du lac d' une quantite impor
t ante d 'orphies mortes en juillet et aout tres vraisemblablement due au fait 
que ces poissons n' ont pu supporter une trop forte dessalure des eaux. Cette 
meme dessalure. semble au contraire avoir ete benefique pour les potamogetons 
qui ont envahi de grandes etendues du lac durant 1 'ete et 1 'automne. 
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V-Il49 
Allocation of gadoid fishery In Greek waters, 1964-1985 

K.l. STERGIOU and Th. PANOS 

National Centre for Marine Research, 16604 Athens (Greece) 

ABSTRACT 
The gadoid fishery in GreeK waters is reviewed for 1964-1981. The mean 
1964-1981 gad.oid catch amounted 1824 t. Catches fluctuated. :between 
1010 t in 1967 and 2735 t in 1978. Catches in western GreeK waters are 
low, less than 8:1. of the total catch, Whlch is attrl.:Outed. to the 
restrJ.cted trawling actiVity in these areas mainly due to the 
restricted. continental shelf and. the predoml.nance o£ great, steep 
depths. Catches are hlgh in subareas where £1shJ.ng docks exlst. Mean 
catch along the northern rim of the Aegean Sea, where conditions for 
trawUng are favorable, maKe up 37% o£ the mean total catch. 

MATERIAL A:RD METHODS 
GreeK "fishery statistics have :been maintained on a monthly :Oasis since 
1964(1). For a :better evaluation of the avalla:Ole data, Greek waters 
have been dlVlded. into 16 "fishing subareas (Flg. 1). Subareas 1 and 2 
are referred to the Atlantic ocean and North coast of Africa 
respectively. Data are collected for each fishlng vessel separately 
through the local custom authorities. The catches of the inland water 
and sport fisheries are not included in the grand total. In addition, 
since 1969, the catches o·f the small rJ.ng-netters, drifters and 
llners, with engine horsepower less than 19HP are not recorded by the 
local authorJ.tJ.es (thelr total r--------:---------~ 
landings amoun tJ.ng some 12,000 -~ 
t)Ul. Here the catches of \ 
gadoJ.ds (haKe, blue whi tine ,.L--._.J_,----
and poor cod) per fishing area .-·--·-· 
in GreeK waters is reviewed. 
for 1964-1981. Catches for 
that period are referred to 
gadoids as a group. Since 1982 
separate statistics are 
avallable for haKe and blue 
whitJ.ng. 

RESULTS AliD DISCUSSIOJI 
The mean 1964-1981 
catch amounted 1824 

gadoid 
t and. 

catches fluctuated. between 
1010 t in 1967 and 2735 t in 
1978 (Table 1). The catches of 
haKe rose to 2353 t, 2614 t 
and 3062 t in 1983-1985 
respectively. Blue whiting 
amounted 1076 t, 837 t and 693 
t during the same period. The 
mean gadoid catch of trawlers 
in 1971-1981 was 1719 t<2l 
which is more than 787. of the 
total catch in the same period 
(Table 1). The variation of 
the catches 1s generally high 
as this is indicated :by the'-------------------' 
coefficient of variatl.on (CV, Table 1). Catches ln western Greek 
waters (subareas 3 throughout 7) are low representing together less 
than 5Y. of the total catch. which must be attributed to the restrlcUd 
trawllng activity in these areas mainly due to the restricted 
contJ.nental shelf and the predominance of great, steep depths. Mean 
c·atch along the northern rim of the Aegean sea (subareas 13 and 14), 
where conditJ.ons for trawllng are favorable, maKe up together 37:1. of 
the mean total catch. Trawllng is not allowed. in subarea 9 
(PagasltiKos Gulf) and the northern part of subarea 10 (N. EyboiKos 
Gulf). The gadoid resources (haKe especiallY) are highly overexploited 
in GreeK waters as 1t is indicated by models based on biological(3) 
and catch-effort data<2l. Abiotic factors may also be of primary 
importance in driving gadoid population changes<4,5l, It has :been 
shown(6) that catches of haKe in GreeK waters in 1928-1939, a period 
characterized by minimal exploitation pressure, were highly correlated 
with the air temperatures at Northern Greece. Such a relation is 
important in the context of the complex biohydrometeorologJ.cal 
interactions that have been described. for the Eastern 
Medi terranean<7 ,8l, 

TAliLB 1. Catches of gadoids in GreeK waters during 1964-1981. 
CV = coefficient of variation 

YEAR 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 TOTAL 

1964 18 11 75 13 2 83 20 54 35 149 216 288 55 12 41 6 1135 
1965 15 14 75 14 1 116 31 91 29 203 164 210 114 1 92 13 1190 
1966 22 5 65 7 0 141 28 110 18 168 130 173 91 0 88 9 1058 
1967 30 3 65 7 0 130 22 113 19 132 155 205 70 0 45 9 1010 
1968 29 2 41 10 1 166 29 246 32 187 203 184 146 4 81 14 1374 
1969 33 7 49 13 1 265 43 234 68 237 223 203 137 2 106 12 1632 
1970 33 5 47 0 0 172 35 62 10 86 194 396 113 0 112 19 1283 
1971 24 8 41 0 0 152 26 112 20 107 238 378 105 1 64 14 1289 
1972 26 3 52 1 1 168 76 218 34 142 175 440 124 3 68 6 1537 
1973 13 7 69 0 0 266 121 209 17 203 346 524 200 12 113 12 2111 
1974 13 10 94 14 0 246 136 216 12 287 354 606 275 3 68 19 2352 
1975 6 3 163 13 0 317 138 107 13 347 285 402 241 2 47 15 2098 
1976 18 4 107 15 0 346 i33 207 45 319 476 417 204 7 89 26 2415 
1977 34 5 174 13 0 397 112 211 95 281 445 525 213 5 28 25 2563 
1978 27 23 96 23 24 589 1015 182 5.15 255 !517 !501 204 7 63 33 2735 
1979 26 19 55 31 13 !521 94 124 42 286 45!5 439 14!5 0 eo 29 2370 
1980 28 38 66 16 20 481 80 223 !53 347 4154 375 105 3 70 25 2395 
1981 9 36 124 24 12 404 124 150 48 128 565 446 113 4 58 31 2278 

mean 23 11 83 12 4 276 75 161 36 216 312 373 149 4 72 18 1824 
Y. <1 <1 5 <1 <1 15 4 9 2 12 17 20 8 <1 4 1 
min 6 2 41 o o 53 20 62 10 86 130 173 70 o 28 6 1010 
max 34 38 174 31 24 589 138 2415 95 347 568 606 275 12 113 33 2735 
cv 36 93 45 72 177 53 59 37 61 38 44 35 38 98 33 49 
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V-1150 
Spectral analysis of Pilchard catches In Greek waters, 

1964·1982 

Konstantinos I. STERGIOU 

National Centre for Marine Research, 16604 Athens (Greece) 

ABSTRACT 
spectral analysts of Greek monthly catches of pilchard for 1964-1962 
revealed a strong seasonal pattern and a 3.3-year per1od1c1ty. The 
latter is common for the Mediterranean p1lchard, and probably reflects 
variations in both abiotic and biotic variables that affect pllchard 
recruitment and exhibit oscillations of similar frequecies. 

IBTRODUCTIOB 
The fishery of pilchard in Greek waters for 1964-1962 has been 
reviewed by STERGiouCtl. Mean annual catch amounted 11,390 tons, 67.61. 
of which is attributed to the purse setne fishery C=34.6Y. of the total 
purse seine catch) and 12.4Y. to the trawl fishery. The present work 
presents a spectral analysis of monthlY catches (1964-1962) of 
p1lchard in Greek waters in order to identify significant frequencies 
in the variability o£ the catches. 

MATERIAL ABD HETHODS 
Monthly catches of pilchard for 1964-1962 were gathered from the 

National Statistical Service o£ GreeceC2>. Spectral analysis 
subdivides the variabilitY of a time series among· frequency bands. The 
technique used in the present study 1S Fast Fourier Transform. The 
mean has been subtracted from the series. The per1odogram is scaled 
such as if the mean of the series is zero then the sum o£ the 
periodogram ordinates Will equal .the sum o.f the squares of catches. 

RESULTS ABD DISCUSSIOB 
Pilchard catches exhibit a marked seasonal pattern (Fig.1). From 

the periodogram of the monthlY catches CFig.2) it is evident that 
there 1S a large maJor peak at 12 months (the fundamental frequency). 
The seasonal pattern of variation is mainly related to the behavior of 
pilchard al;ld the nature of the purse seine fishery in Greek waters. 
The area where -fishing .bY means of purse seiners takes place is mainly 
determined by the fact that catches must be brought. to £1sh1nll docks 
earlY in the morning ·in order to be supplied to the market in timeC3), 
Hence, fishing activitY does not extend to the open sea but lt 1.s 
rather restricted to coastal areas where schools of pilchard (and 
anchovy) m~grate on a seasonal basts. The mass occurrence of pllchard 
ln the .::;,astal areas takes place ln March-May, schools disperse in 
summer and appear again ln September(3), 

The amplitude of the seasonal changes is larger than the 
year-to-year changes (Fig.1) and hence harmonics with frequencies less 
than 1 cycle/year are produced (F1g.2) which indicate the 
non-sinusoidal character o£ the main cycl1cal component. The 
pertodogram o£ the catches after seasonal differenctne (:removal of 
the seasonal e££ect by subtracting the catch that occured one season 
prior to the current catch) exhibits a prominent peak at 3.3 years 
(F1i.3). A 3-year periodicity 1n the abundance of ·pilchard has been 
found also in the Adriatic Sea, althouah fluctuations with periods o£ 
8 and/or 11 years were considered promtnentC4,5), Oscillations o£ 
periOdS Of 3 years have been alSo identified for Other biOtiC (e.g. 
zooplankton,6 £ish7) and climatic variables (e.a. air pressure and 
temperature,6•7 sea temperature and salintty6), 

The phenomenon of periodicity ex1sts on a widespread scale and is 
propably related to abiotic £actors<7>. ZupanovtcC4) suagested that 
the 3-year periodicity o£ pilchard catches in the Adriatic Sea is 
related to cold winters, whereas periodicity with ·loneer wavelengths 
is associated w1 th world 
Wide climatic trends and 
chanees 1n the advection 
Of Med1 terrane an waters 
i·nto the Adriatic sea, 
which areatl y affect 
productivity and, hence, 
influence the spawninll 
and survival of the early 
staaes of pelagic fish 1n 
that areaC4, 5), It is 
worthy o£ mention that a 
3-year cycle 1s also 
sueeested for zooplankton 
temperature and salinity 
in the Adriatic sea ( 11). 
The 3-year cycles 1n 
Plankton abundance tn the 
HE Atlantic -North sea 
was found, using cross 
spectral analysis, to be 
associated with surface 
heat exchanee pheno
menaC7), 
Al thoueh the information 
hitherto presented 1s not 
complete, it seems that 
3-year periodicity in the 
abundance of pilchard is 
co~~mon in the Medi terra
nean and probably re
flects variations 1n the 
abiotic and biotic 
variables that affect 
recruitment of Pilchard 
(temperature, prodUcti
vity, etc) and emibit 
oscillations with similar 
frequecies. 

P'IG. 3. Periodogram of the 
seasonally adjusted series 
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Especes clbles dans les petits metiers de Ia mer d'Aiboran 

JA. CAMINAS, J. BARO et JA. REINA 

lnstituto Espanol de Oceanografia, Centro Costero de Fuengirola, 
Apartado 285, 29640 Fuengirola, Malaga (Espana) 

INTRODUCTION 

Les p~cheries artisanales, envisag~es dans le contexte mediterranean, ont des caracte
ristiques bien dt";finies sur la Mer d 'Alboran ( Camiilas et al. , 1987). Toutefois, il ne 
faut pas les separer du reste des pl!cheries clltieres de la Medi terranee dent elles 
presentee de gran des ressemblances: 

Sur le littoral que s' etend entre Punta Europa, sur le Detroit de Gibraltar et le Cabo 
de Gata, il existe de tres nombreux et tres importants engine et attirails de plkhe 
groupes de la fa9on sui vante: · 

1. Filets a la traine (1); 2. Filets a la main (4); 3. Filets maillants (14); 4. Hame-
90ns (11); 5. Rateaux (6); 6. Nasses (2); Filets souleves (1); et 8. Autres (2). 

11 y a en tout quarante et une vario'ites d'engins (nombres entre parentheses) groupes 
en huit categories. Cette diversi te est notamment subordonnee dans la Mer d' Alboran 
par les faits sui vants: 

a) Masses d'eau de diff6rentes caract6ristiques. 
b) Di versi tt"; de milieux pt";lagiques et benthiques. 
c) Ph/;nomenes atmospht';riques. 
d) Proximite au Detroit de Gibraltar. 
e) Rendement des pl!cheries. 

-a). Nou..s savons fort bien que laMer d'Alboran et le d6troit de Gibraltar servent 
de trait d 0 union entre l'Ocean Atlantique .et laMer Mediterranee, et qu'il se 
pradui t dans cette region d' importants echanges de masses d. eau, du fait que 
la Medi terranee agi t en tant que bassin de concentration, ce qui enrichi t la 
zone en question. ---

- b). Cet enrichissement provoque des milieux pelsgiques avec des condi tiona de tem
perature et de salini te differentes dans les zones relati vement proches, en 
augmentant la variete des t";cosystemes pelagiques. Par ailleurs, les caracte
ristiques des fonds ne sent pas homog6nes, le plateau continental ayant una 
tr6s petite 6tendue. En outre. il faut y ajouter la pr~sence, bien que sur des 
surfaces r6duites, de toujours importantes phairies de phon~rogames marines. 

- c) • En raison de la presence de di verses masses d • eau, et du fait des processus 
se rapportant a des phenomenes atmospheriques, il sa produi t des zones d' afle
urement clltier dans le secteur compris entre "Punta Europa" et le cap "Cabo 
Sacratif" (sensu lato" originant un refroidissement des couches superficielles 
avec un accroissement de la biomasse et de la variete biologique. 

-d). Finalement, par suite de la proximite du Detroit de Gibraltar, la zone dent il 
s' agi t consti tue un important lieu de passage pour un grand nombre d' especes 
pelagiques migratoires qui, para ses mouvenments periodiques, sent tenus de se 
deplacer a travers la zone d • Alboran, et se transforment en especes objectif 
au cours de certaines ~poques de 1 1 ann6e. 

- e). Un grand nombre du peuplement des especes, objectif des pl!cheries artisanales 
est surexploi te, ce qui fait que leur rendement soi t g~neralement tr~s bas. 
Cet aspect condi tionne aussi une rotation des engine ou leur emploi mul tis
pecifique, puisque que l'on peut ml!me utiliser dans une seule journee de pe
che de trois a quatre engine differents. 

PRINCIPALES ESPECES CIBLES PAR CATEGORIES D'ENGINS 

Quoique pas souvent assez selectifs, ils sent prepares pour pl!cher une ou plusieurs 
especes d' int6rl!t commercial. sur le tableau I sont indiquees les cibles pour cheque 
classe d'engin. Les filets a la main sent peu selectifs, le but etant la pl!che du 
"Chanquete" (alevins des anchoia et sardine), melange d'especes des fois juveniles et 
d'autres fois adultes (dites parafois fretin, en espagnol "morralla"). 

Lee filets maillants sent lee plus importants et les plus assortis qui s • emploient sur 
toute la r6gion. L'on ne cherche qu'une seule esp~ce ("pejerreyera", "sardi!1alu y Hpi
jotera") , ou bien 1' on capture beaucoup d • esp~ces prises dans lea msilles de la meme 
fa9on que lea "Soltes". 

Les hame9ons sont eux aussi nombreux et veri lis, la selecti vi te etant en fonction de 
1 'hame9on employ~, surtout entre les rochers ou dans lea fonds de sable ou de vase. 

Les rliteaux ont comme especes objectif certains mollusques bivalves, selon 1' espece 
objectif de leur forme et leurs dimensions, de mArne que la profondeur ou la pl!che est 
exerc6e. 

Les autres engine, tela que nasses, filets souleves ou ceux inclus A l'Alin6a "Autres" 
constituent des esp~ces objectif tr~s precis, et ils sent assez s~lectifs. 

En resume, 1' on peut dire que sous une plus grande ou plus petite proportion et avec 
une importance plus ou moine grande, les especes objectif des pl!cheries artisanales 
du littoral sud-medi terraneen espagnol sont au nombre dune quarantaine au minimun, et 
si bien presque toutes les especes son exploitees commercialement, nous ne devons fai
re ressortir qu' una vingtaine ( signali!es d' une + sur le tableau ci-apres). 
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1.- Filets A la traine 
De fond: Raters 

Beeugo ( Pagellua spp. ) 
Herrera ( Li thoanathus mormyrus) 
Lenauado (Solea app.) · 
Salmonete (Mull us suriiiUletua) 

2.- Filets 6 la main 
~ 

Sardina (Sardina pilchardus) 
Boquer6n ( Engraulis encrasicholus) 

~ 
Sardina, Boquer6n 
Chanquete (Aphis m1nuta) 
Jural ( Trachurus trachurua) 

3.- Filets 6 maillants 
Fix6s 6 une napp~ ("Sol tas") 

Besuao ( Paaellus acarne) 
Bog a ( Boops boope) 
Jurel ( Tranchurue tranchurua) 
Pijota (Merluccius merluccius) 

Fida 6 3 nappes (Tr6maila) 

Salmonete (M. surmuletus) 
Jibia (Sepia officinalis) 
Brotola ( Phycis blennioides) 
Jurel ( T. trachurus) 
Langosta ( Palinurus vulgaris) 

Filets derivants 

Sardina (S. pilchardus) (SARDINAL) 
Bonito ( Sarda sarda) ( BONITERA) 
Volador (Cheilopogon spp.) (VOLAERA) 

Filets en cercle 
Pejerrey (Atherina app.) (PEJERREYERA) 

4.- H&meQons 
A main: Ligna 

Thonid6a (Thunnue, Auxis,.,.) 

Potera: Turluttes 
Calamar (Loligo vulgaris) 

Palangre 

Besuao ( P. acarne, P. boaaraveo) 
Pargo ( Sparua pagrus) 
Br6tola (Phycis spp.) 
C6ngrio (Conger conger) 
Mero (Epinephelus auazza) 

5.- Draguea 
Concha fina ( Calliata chione) 
corruco (Cerastoderma tuberculata) 
Chirla ( Ch11111aelea aallina) 
Almejaa (Venrupia app.) 
Pereartna (Pecten maximus) 
Ostra ( Ostrea edulis) 
Coquina (Donax trunculus) 

6.- Nsssea 

Gallllla (Ar1ateu'l. an.tennatua)· 
Camar6n (Plesionika <~PP •) 
Pulpo (Octopus vulgaris) 
Beaugo ( Pagellus acarne) 

7.- Filets Souleves 
BUsano ( Murex brandaris) 
Ca!lailla (Trunculariopsis trunculus) 

B.- Autres 

Pulpo (0. vulaaris) (PULPERAS) 
Buaano (Murex brandar1s) (BUSANERA) 
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La p6che artlsanale dans Ia region 

sud-medlterraneenne Espagnole (Medlterranee occidentale). 
Methodologle et resultats 

J. CAMINAS, J. BARO et J.A. REINA 

lnstituto Espanol de Oceanografia, Centro Costero de Fuengirola, 
Apartado 285, 29640 Fuengirola, Malaga (Espana) 

En 1~ a ete entanee 1'eWde des p&:heries artisanales de 1a regi.cn sucJ..<nediterraneerne ~1e (1), zo... 
re ~lirnitee entre le cap "F\Jnta Eurqla" et ''Cabo de Gita", integral.ement 001prise sur- le littoral ~ de 
1a Mix d'Alboran, divisicn statisq..le 37.1.5 w C.G.P.M. 

La cx:r.cepticn de plicrerie artisanale varie l.argenent de certains en:lroi ta a d' autres, p.lisq.~e ~finie en 
fax: tim des QJBli tes de 1a flotte, des ~ utilises et de 1' :infrastru::tur Q.Ji y est asscciee. I.e fait 
~tennine q.>e, naJgJ:-e de narbreux JX>inta en COli1U1, 1a meth:rl>lcgi.e a!p].oyee prur atteindre les objetifs 
prcpc:ses est variable d'U1e regi.cn a \.I1B autre. 

L'emnre dissiminaticn de 1a flotte <Ens de rori:lret.t3es cales d'ednage trut au 1crg d'1.11e rote de plus de 
3EO km. , 1 'absen:e d' 1.11e statietiq.>e fiable sur- 1a ccnpooi tim et 1' etat de celle-cl, ainsi q.>e de sen ac
tivite et des variaticns S~Btio-t:arparelles et 1 'usage de differents a-gins de p8che par un seul pOCheur 
<Ens le a:urar£ de l' amee' cnt fait qJe lea mefuJdes utiliser regulieranent en nBtiere d' an§nagerralt de 
la p8che n' cnt pas ete effecti ves prur 1 'eWde des plicreries artisanales de 1a regi.cn faisant 1 'objet 
d'eWde. 

fuJI' av01r acces a oette infarnaticn il fut cxnven.t d • a!p].oyer ure methodol.ogie d • €chantillCIT18ge strati:fie 
au ncyen d'erq.Etes de deux genres: lea mes faites aupr€s Qes Cll'gF!Ilisnes officiels a,yant des relaticns 
avec 1 1 acti vi te aztisanale, et lea autres aupr€s <les pOCheurs eux-mlilres sur- les plages et les JX>ints d' e
dxuage. 

La stratificaticn s'est reausee a differents niveaux a:fin d'q>timiser l'€chantillcnage: 
- Au niveau ~q.>e: a:mne prani.er niveau de strati:ficaticn, la regi.cn a ete distrituee en sept 

u:nes ~ques avec q.>elques caracteristiques differeociatrioes. 
- Au niveau de 1a flotte: Celle-ci a ete divisee en diverses sortes de bateaux en fax:ticn de sa lcn

gueur et de sen tanage. 
- Au niveru des a-gins de pOChe: ~ grwpe de bateaux de chacU1e des sept u:nes d'€chantill<lT11llge 

a ete a 8Q1 twr SCl.IS-di vise en rei8al des classes d. a-gins a!p].oyOO. 

Aprils avoir effectuees 5&> erq.Etes, ll1 total de 190 plages (268,1 Km,) cnt ete €chantill<rdes. L'analy
se de oette infornaticn a d€m:ntre les reautsts ad vants: 

BAteaux.- La flotte artisanale active a:macree a 1s p8che <Ens 1s """' €chantillcrnee est de l'ordre de 
1. 74! arbarcaticns. Celles-ci prese.rtalt ure vaste ~ de toutes fonres et dinelsicns q.ri. dl!pendent de 
factrurs tellanent hiiterogenes a:mne la profoodeur des plages, la p&:herie a effectuer, 1e niveau 9a:n:mi
qJe w p&:heur, 1s ccnstru::teur et 1a traditicn ru 1a ocub..r!e. Sen a di~ Q.Jatre varietes gEnerales: 
"jabega"' "chalana"' ''bote" et ''r!otora". I.e 62,7 % des bliteaux a:macree a la p8che cnt 1.100 anciE<J'Iete de 
roins de 2l ans. 

~·- Sent a differencier L11 total de 41 engire, classes crnf01llll'ir!Hrt; aux mnres de la Statistiq.>e 
Intema.ticnals lhifonne des~ de Pl!che (I.S.S.C.F.G.) afferente a l'amee l!Hl, et grrupes en c:i.nq 
grarrls grrupes differents. ees grrupes 8alt les a.dvants: Traine (5 engire differents). Filet nBillants 
(14 engins); Hooe;;cns (11 engins); RAteaux (6 engire) et "Autres" (5 a-gins). 

Trruils.- La pr€senoe de treui.ls sur- les plages cmstitl3 un des elemants q.ri. dis~ le mieux 1a 
p&:herie artisanale. 11 s'agit de st:ru>Wred rendant plus facils les bescgnes de mise a sec des~ 
caticns sur- lea plages. L'e>d.stence plus ru !lOins rolilreuse de treui.ls au 1~ de 1a p1sge est ll1 s~ 

indicatif de l=activite de p8che artisanale q.ri. s'y ~t •. 
I.e$ re&ll.tsts de oette eWde cnt permis d'evaluer d'inportance qJe lea p&:heries artisanales representent 

<Ens 1s regicn sucJ..<nedi terraneerne espegno1s, d' ru 1' en peut faire ressortir a:mne o<n:lusicn des plus im

pcrtantes q.>e: 

- Les erq.Etes se sent I!Cl'ltrees a:mne l.l'l facteur elementaire prur arriver a 1' infarnatio de base. 

- L • ensari:lle de 1a pq::ulaticn de p8che artisanale fonne ll1 grrupem:nt social tree renferme, avec t.11e 

transmissicn, rotanrent oral, de trut oe q.ri. ccn::erne le rra1de de 1a p!iche: saiscn de p<;che, sorte 

d • engirB, etc ... 

- Parmi lea caracteristiques tecmiques de 1a p!!cre artisanale dans 1a Mix d' Alboran, sent a sigpaler 

le faible registre brut des arbarcaticns et l'nBnqJe de p.lissaoce des roteurs, et a:mne ellinart: fcn

danentsl 1• a!p].oi a1 tematir de plusieura genres d • engi.ns par t:ateau. 

- En oe q.ri. ccn::erne les a-gins de pOChe, les filets nBillsts se ~ta:nent en tsnt q.>e grrupe d • a-gins 

lea plus inp:lrtants e>d.stsnt <Ens toutes les u:nes. l.es a-gins a rateau sent particulienrent :inportsnts 

sur- le secteur occidental (GibraltaNolalaga). 

- ~t auK caracteristiques socio-9a:n:miq..leB, il y a lieu de sinaler rx>1:ama1t le cacartere €mi.nennalt 

fanilial de la st:ru>b.Jre de 1' entreprise artiscmle, la vente des captures sur- les palges ru directe

IIEflt auK restrurants et bars, et la ccnpooiticn Mterc:gene de la pq::ulaticn a:rrp:l300 de professicmels, 

de retrai tes y de per&rnes deplcyant t.11e autre acti vi te q.ri. exei'C81 oelle-cl came soluticn de cix)ix. 
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V-Illi 
Strategies de reproduction chez les Tortues marines : 
effet de Ia temperature sur Ia dlfferenclatlon sexuelle 

J. LESCURE", F. RIMBLOT·BAL v·, J. FRETEY" et C. PIEAU"" 

• Museum National d'Histoire Naturelle, Laboratoire de Zoologie (Reptiles et Amphibians), 
25 rue Cuvier, 75005 Paris (France) 

•• lnstitut Jacques Monod, Laboratoire de Biochimie du Developpement, Universite Paris VII, 
2 place Jussieu, 75251 Paris Cedex 05 (France) 

Chez 1 es Reptiles, animaux poi kilothermes, 1 a temperature joue un r1il e preponderant 

parmi 1 es facteurs climatiques intervenant dans 1 a reproduction. Ell e agit non seul e

ment sur le cycle sexuel et le comportement reproducteur mais aussi sur le developpe

ment et la differenciation sexuelle. La sensibilite a la temperature de la differen

ciation sexuelle a ete mise en evidence chez une vingtaine d'especes de Tortues, 

deux especes de Lezards ovipares et deux de Crocodiles (bibliographie~ Rimblot-Baly 

et a1., 1987). Toutes 1es especes de Tortues marines etudiees jusqu'a pres.ent (5 sur 

les 7 actuelles) se sont revelees sensib1es a la temperature. 

En ce qui concerne Dermochelys coriacea, 1 'incubation artificielle des oeufs a des 

temperatures inferieures ou egales a 28,75"C donne a 1 'eclosion 100% de males pheno

typiques alors que 100% de femelles potentielles sont obtenues a des temperatures 

superieures ou egales a 29,75•c. La temperature critique, celle oil on obtient les 

deux sexes a partir d'une meme ponte, est 29,5"C:!:: 0,25 (Rimblot-Baly et al., 1987). 

La temperature critique est de 30"C pour Caretta caretta (Yntema et Mrosovsky, 

1980) et probablement aussi pour Lepidochelys olivacea (Me Coy et al., 1983). Elle 

est voisine de 28,75•c chez Chelonia mydas, selon Mrosovsky et al. (1984) et done 

plus faible que chez les autres Tortues marines (references ~ Rimblot-Baly et al., 

1987). 

Les resultats obtenus dans la nature font appara1tre une relation entre les sex

ratios observees a 1'ec1osion et la temperature du sable (a la profondeur du nid : 

80 em) pendant la periode thermosensible du developpement embryonnaire chez Dermo

chelys coriacea. Les donnees recueill ies en Guyane fran~ai se pendant quatre annees 

mettent en evidence une variation saisonniere de la sex-ratio. Les oeufs des premie

res pontes se deve1oppant pendant 1a saison des pluies, relativement fraiche, don

nent surtout des miiles ; ceux des dernieres pontes pendant la saison seche, plus chau

de, donnent des feme 11 es • 

Che 1 oni a mydas a une strategi e de reproduction di fferente : e 11 e pond genera 1 ement 

avant la Luth pendant des mois pluvieux. Plus leste, elle se deplace entre les ar

bres et creuse son nid a leur ombre. Dans ceux-ci, le nombre de femelles sera reduit 

en saison seche. Dermochelys coriacea frequente rarement ces petites aires de sable 

entre les paletuviers, elle a des difficultes pour y circuler et risque meme de s'y 

blesser et de mourir coincee entre les troncs d'arbre ; elle pond generalement sur 

des p 1 ages decouvertes, done p 1 us chaudes. 

Dans une zone, oil la Luth occupe massivement les plages degagees pour pondre, la 

Tortue Verte vient avant elle ou dans des secteurs ombrages, c'est-a-dire a des pe

riodes ou dans des lieux plus frais. Elle conserve cependant la possibilite de pro

duire les deux sexes car elle a une temperature critique plus basse que Dermochelys 

coriacea. Ces differences spatiotemporelles dans la strategie de reproduction entre 

les deux especes provoque une relative dispersion des nids qui diminue l'eventualite 

de leur destruction par des femelles venant creuser leur nid aux memes endroits. 

Il en resu1te aussi pour les deux especes une sex-ratio voisine de 1 mille : 1 fe

melle. Etant donne que chaque femelle pond 4 - 5 fois (jusqu'a 7 pontes chez la 

Luth) a une dizaine de jours d'intervalle pendant la meme saison, il est probable 

que cette sex-ratio soit obtenue dans la descendance de la plupart d'entre elles. 
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V-III2 
Considerations sur Ia presence de Tortues Luth, 

Dermochelys corlacea (Linnaeus, 1758), 
dans Ia Medlterranee occidentale 

J. CRESPO, JA CAMINAS et J.C. REY 

lnstituto Espanol de Oceanografia, Centro Costero de Fuengirola, Apartado 285, 
29640 Fuengirola, Malaga (Espana) 

Parmi les especes de tortues marines presentes en Medi terranee, la tortue luth (Der
mochelys coriacea) est une des plus connue~, principalement grAce a sa presence peu 
habituelle dans cette mer. La revision de 1"' information existente sur cette espece en 
Medi terran~e, indique a priori la concentration des observations et d'echouages de 
cette espece dans une aire comprise entre lea Baleares et la cate de Lybie, bien 
qui "l existe des observations isolees dans des zones voisines (Bruno, 1978). Selon la 
bibliographie consultee on peut dire qu"'elle est pratiquement inexistente dans les 
eaux de la mer d'Alboran, objet principal de notre travail. 
En consid~rant la c5te medi terraneenne de la Peninsule Iberique et de 1 · archipel des 
Baleares il existe quatre r~f~rences anciennes de cette espece (Navarro 1941). Dans 
la peri ode comprise entre A5ut 1975 et Decembre 1987, un total de 35 observations des 
indi vidus de eette espece a ete recueilli parmi lesquelles dixsept ( 17) sont des re
ferences nouvelles aportees dans ce trabail. De ces dixsept individus, huit (8) furent 
captures avec des filets ou des pa1angres, six ( 6) furent observes, nageant dans des 
eaux libres. La description des recents references sera faite dans un travail peste
rieur, actuellement en redaction~ 
Car les observations de la T .. L. sont saisonieres, on a divise l"'annee en trois peri
odes, en fonction d"'une similli tude des conditions oceanographiques medi terraneennes: 
L Hiver (Novembre-Fevrier); 2. Printemps (Mars-Juin); 3. Ete {Juillet-Octobre). 
A partir des 35 observations espagnoles en Mediterranee il a ete effectue l'analyse 
suivante: 
Dans le secteur compris entre le detroit de Gibraltar et la limite est de la mer 
d'Alboran, vingt individus ont ete observe dont 17 pendant la periode d'hiver et pres 
du detroit de Gibraltar. 
Seize tortues furent trouvees mortes, la plupart en hi ver. 
Dans le secteur Levante Balears la majori te (7) des 15 observations effectuees corres
pond a des references de la peri ode d. ete dans le triangle Cap de Gata-Baleares-del ta 
del Ebro. 
La plupart des indi vidus out ete captures dans cette zone avec des palangres de surfa
ce destines a la peche du poisson-scie et puis liberes. En periode d'hiver il y a deux 
references d'individus morts d'echouages et au printemps on trouve certains individus 
captures vivants et d'autres morts d'echouages. 
En considerant les observations de toute la medi terranee (Oliver, De Metric, entre au
tres) en plus des n5tres, le nombre total de references est de 138 elles se distribu
ent geographiquement de la fa9on sui vante: 
Mediterranee occidentale: 108 references; M. centrale: 27 references; M. orientale: 3 
references et Mer noire: 0 references. 
La plupart des indi vidus a ete observes dans le bassin occidental, le nombre tendant 
A diminuer A me sure que 1- ou pro grease vera 1 .. est medi terrane en. 
Le comportement est commun A d .. autres especes atlantiques qui sans etre medi terraneen
nes s"' introduisent d_ans cette mer, en se distribuant en f'onction des principales rami
fications du cour;mt superficiel de ll\tlantique qui penetre accidentellement en Medi
terranee, et continue vers les c[)tes plus septentrionales de la Medi terranee occiden
tale (c5te de France, Italie et nord d'Espagne). Les references plus au nord se trou
vent dans le Golfe du Lion pendant les mois d'ete. 
D'apres Duron (1978) la principale source d'alimentation est la meduse~ qui 
aparai t principalement en Medi terranee a la fin du printemps et pendant 1 · ete en sui
vant le courant atlantique superficiel. Il parait evident que le T.L. profite de ce 
courant pour se deplacer et pour nourrir en meme temps. 
Toutes ces considerations nous font penser que les T. L. observees en Medi terranee 
vienent de !'Atlantique et qu'elle commence a penetrer a la fin du printemps et debut 
de l'ete. 
D' apr~s l' information recueillie pendant les dernieres annees dans toute la Medi terra
n~e on arrive a la conclusi6n que dans les mois qui vont de Mars a Juin cette espece 
s"observe largement distribuee depuis la mer d'Alboran jusqu'en Egy~te dans la Medi
terran~e orientale. A partir du mois de juillet, la plupart des references correspon
dent a l'aire septentrionale de la Medi terranee Centrale et Orientale, avec une pre
sence majeure sur les c5tes du Golfe de Lion et mer Jonique. Finalement, dans les mo
is d'hiver la plupart des observations, ont et~ registr~es dans la mer d'AlQOran pres 
de la madrague de Ceuta, sur la c5te africaine et principalement a proximite, du de
troit de Gibra1bar.. A cette epoque on trouve aussi des references en direction a la 
Tunisie. 
Le schema general du comportement de 1' espece, elabore a partir de cette information 
se;rait le suivant: 
Les indi vidus qui pen~trent en Meqi terranee, genera1ement des adul tes, et en petit 
n.ombre se d~vient du chemin migratoire atlantique du printemps pour rentrer en Medi
terranee, Ce phenomene a lien a partir du mois de Mars. Pendant les mois de la perio
de ete-automne il atteint la distribution maximale en Medi terranee occidentale et cen
trale surtout sur les c5tes i taliennes et francaises et dans les zones affectees par 
les branches les plus importantes du courant atlantique penetrant. A partir du mois 
d'Octobre ou _peut-~tre avant, commencerai t une migration vers 1' Atlantique par le de
troit de Gibraltar. Tout ce processus aurait lien essentiellement en suivant les voi
es orincipales du courant atlantique superficiel qui penetre en Medi terranee. 
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V-III3 
Post-nesting movements of loggerhead Sea Turtles 

tagged In Greece 

Dimitris MARGARITOULIS 

Ministry of the Environment, Physical Planning and Public Works. 
Patission 147, Athens 11251 (Greece) 

The loggerhead sea turtle ~ ~ (L.) , an endangered 

species in the Mediterranean1 breeds regularly .in Greece. The most 

important nesting areas are found on the island of Zakynthos and 

on Peloponnesus (Fig. 1) • Apart from conservation measures at the 

nesting sites, a research project, including tagging of the nesting 

females, is conducted !'.Iince 198 2 on both areas. Tagging provides 

valuable information on the inter-nesting interval (Margari toulis, 

1983) and on remigration patterns of the nesting population.FUrther

more, at-sea recoveries of tagged individuals might reveal feeding 

and wintering areas as well as migration routes in the Mediterranean, 

all of extreme importance in attempting to protect effectively the 

species. 

Fig.1. Sketch map of the Mediterranean showing recoveries of 

loggerhead turtles tagged, whtle nesting, on Zakynthos and 

Peloponnesus. 

Tagging was done at night when female turtles come ashore to nest. 

Monel metal or plastic tags were clipped through the proximal part 

of the trailing edge of the fore flippers. All tags were imprinted 

on one side with a series number or with a combination of a letter 

and a series number, and on the other with the address of the Hel

lenic Society for the Protection of Nature ·or of the Sea Turtle 

Protection Society of Greece. During six nesting seasons (1982-

1987), 1525 loggerhead turtles have been tagged on Zakynthos and 

Peloponnesus nesting beaches. In an effort to aware fishermen on 

the possibility to encounter a tagged turtle, the project was an

nounced to relevant authorities .and scientific institutions in the 

Mediterranean countries through the Greek Ministry of Foreign Af

fairs. In Greece, a poster was distributed to fishermen coopera

tives, port police stations and fisheries authorities. 

Up to March 1988, 34 loggerheads (2.2% of the total tagged) 

recovered in various parts of the Mediterranean (Fig. 1) • Most of 

them were captured by fishermen. About half of the capturedturtles 

were reportedly released; the others were found dead in fishing 

tools or were killed. As it is seen from Fig. 1 , turtles after 

their nestings on Zakynthos and Peloponnesus seem to spread out in 

various directions. Two individuals appeared in the western 

Mediterranean at distances of about 1500 km from Zakynthos. Average 

speeds of travel, for the specimens that were recovered within 2 

months from their last observed nesting, range from 1 0 to 40 km/day 

which is comparable to migration speeds of marine turtles in other 

parts of the world (Pritchard, 1973). Fourteen turtles (41% of the 

total recovered) were reported, most of them during winter months, 

at the Gulf of Gab~s in Tu·nisia. Assuming that this high percentage 

is not an articraft due to intense fishing activities, the Gulf of 

Gab~s might represent a wintering area of the loggerhead turtle 

populations which nest in Greece. The implications of this in the 

conservation efforts o.f the species in the Mediterranean must be 

investigated. 
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V-III4 
Incidental captures of Caretta caretta (L.) 

with surface long-lines In the Western Mediterranean 

JA.CAMINAS 
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Apartado 285, 29640 Fuengirola, Malaga (Espatla) 

The exist.eoce of loggeri-ead in the .estern MediterTmea1 its seBII3 1D J.roicate that's a gereralized event, 
at least in acme restricted areas ara.ni Balearic ialmds, tn.ever' the bibli<Jgl:'!ll1v abrut this subject it 
is not al::urlant. Recently other eufu:rs (Salvad:r, 1005; Mo\YOl. 1005), tave beg.n new \loOli<s in the field 
of llEdi t.ern11ean narine n.rtloo, in Balearic ialmds a1d Albcrm Sea. 
In 1005 the I.E.O. (Spa-rlsh ~ Instituts) started 1D collect infornatien an:n& the spanish lcng
liners that..,.., f'ishill! in the area l.imtted bet>oeen Gilralter Strait and the 6• East. The an::unt of Wrtles 
catches with surface l.al!-linoo cruld be evaluated sanpl.l.fl! in the la1di.ll!· The IID3t of these Wrtles are 
liberated in the mne nonent they are fished, The ll.lrflr::e lcng-line it is a f'ishill! ft'8" used to fish ~ 
fish (XiJirlas gl.aclius) fcmed ftr a rulcn line of dif'fermt l.al?;1ess with lOOJ or 2lXl hxl<s, a.l.rea<jy des
cribed f<r the~ lcnglirers tu Rey and Alot, (1$4). '!his fishirl: fl!i&' is used al.all the ..tole year, 
altln.l!;t> in the period JI.D>-Septattler the ~ emrt is registered (Canil'las et al.., 1005). Alro Wrtles 
are fished aJ.aw; the ..role year. M:>the with~ captures, it coincided with nartm of najor fislleril1;t 
effo:-t. M:lst inprtant captures of l.oggerhead """" en Jul,y 1005 as well as 1587. 
Alicant,·s port, placed in the mi<Hle of the Spa1ish 11EditerTmea1 oaast, is the main point in Blli<rdt'im's 
J.a~. The p!n:mt af the tDtaJ. liledil:an'line<n _,rorun•s c:qJbres ~ in A1icmte is .n-1 in 
bible 1' 'llle estinati.<n af ~ 1Dtal ~ ccuklbe·wtainBd ftcm AlJ.<loltte!s data. 

Table 1 
ffu % Alicante 

1005 42.74 
~ LOO 

* Incidentsl,y ~ Wrtlas and released. Fleet la1di.ll! in Aicante's port. 

N•Tt.rtl~-* 

7.476 
8.339 

Prdlably the i.ncrEeee ot..erved in the ~·s-imid!!ntal captures in 1587 csn be dle 1D a bi.J:aer size 
of the modi~ pcp.Uatia111CCX1r'<1111l1D directs obaervatir'n< of_the fiSlennan, 

Ralatien exist.eoce bet>oeen incidental aptures rn:l fisber:!ql effcrt.-

M:nth varistien of~~ ef1l:rt in the Bpenisli Modi~ •. bases a1 ruliler of hxl<B x 
fishl.fl! <lEIYs/lOOJ, is Ell'noed in table II. 

Table II 
II m IV v VI VII VIII IX X XI 

1583 4 12 3J3 634 3664 24W 219 82 <l9 

~ 22 115 739 2732 &:6 14:!! ::as 29 21 

n005 
252.8 378.7 $..9 !'Qil,9 1172.7 

Tot. !oBI. 
823.9 1::65.1 13!:6 1224.9 761.3 658.5 

XII 
73 

600.6 

The eff<rt values, loNer in the begalning of the year, are increased en Mey~, descenlirig later until 
llec61tler. The IIIIXinun value becane in ~. with 1335 thcusan:ls the captures ftr b.Jrtles have a paralel va
ristien to the arual irereese of the efftrt, the IIBldnu'l becane a1 Jul,y, been lo.er a1 AI.J@.1st and Septenber, 
in wihich the effcrta are still elevated. 

FishirJ! area.-
The fishl.fl! area is very wide, l::ut d:> not ihcl.lJ:le the >tcle ~ mediterranean. '!hanks 1D the fishing area 
was included in the wrveys 1n the fi.!b!nnErl, it bas bee'! IX'fiiS!ble 1D dellmi tate, in_ a general ""'Y, the area 
..rere l.oggerhead are~. In goneral, this area is the sanen in loitich the lcngliners...., t'ishl.fl!, ~-
there are acme areas, i.e. A1lxran Sea, with cnl,y a few capture's mts. Waters ara.ni Balearic islao:ls can be 
CQ'lSiderated lil<e the 11D3t inprtant ares, lDolear we camot fcrget that also in this waters is localizated the 

I ....-------...,c.,e~M 
' ~ 

~ Longliners effort and loggerhead 
capture relationship. 

~ Incidental loggerhead fishing area 
in 19b7 Spanish Mediterranean long
liners. 

biggest ruliler of ~· In the grid sitl.latsd ea.rth Ibim is >t>ere m:re b.Jrtles are capb.Jred. (Fig.2) 

::~-great ruliler of 1~ are capb.Jred with lcng-lines, cnl,y a few epecilrers awear dead in 
the ~ • D.a-irl!; 1005 and 1587 we tave fcurled cnl,y bloo dead b.Jrtles in Alboran Sea oo.chs, alS of than 
with a lni< in the m::rrth. In a experiment nBlized ey J. res (Pers. can.) with 6 b.Jrtles captured with !eng
lines, cnJ,y Q'lS died dJri.rl> the ""'Y tD the ~en c.nter, the rest cruld throoll.ll the tni<·aro later 
were liberated. In the sane ""'Y, bloo turtles captl.lred ir1 FU!qprola, both with a (~Xi<, that """" extracted 
were feeded txrnal,y dJri.rl> three nartm and after 1D taks mne ~ """" liberated. 

~areas.-
Alth:q;jl there are not ~ ereas in A1lxran Sea of Caretta caretta, the 29th of .April in 1583"""' Gal>

b.Jred a ferele n.rtle .nen """' gettl.fl! beech near Mililga, prcilebl,y tD search a place 1D ~ or 1D other 
reas:ns. It"""' liberated after 1n taks acme llll!la.li'EII8. '!his event is inprtant beca..Ee in 7al<;yrrth:Js the 
~period stsrts en Jwe and the n.rtle was captured a1 the last <lflys of Mzy. (Marg;aritrulis, 1583). 
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V-Ilis 
Mortality of Marine Turtles 

(Caretta caretta L. and oermochelys corlacea L.) 
consequent to accidental capture In the Gulf of Taranto 

G. DEMETRIO' and P. MEGALOFONOU" 

• Dipartimento di Produzione Animale, Universita, Bari (ltalia) 
.. lstituto Comunale di Biologia Marina, Nardo, Leece (ltalia) 

A large number or marine turtles, prevalently or the Caretta caretta species with rew 
specimens of" Dermochelys coriacea~ are present in the Gulf of Taranto and its 
immediate vicinity in the summmer and autumn months. Trophic and reproduction :factors 
are probably the cause of' this. Although the phenomenon concernes the whole area it 

appears more evident orr the Calabrian coast, probably due to the vast areas or sandy 
beach where the animals go to reproduce, even if this has yet to be demonstrated. 

Unfortunately the presence o:f the Cheloni in the area coincides with the :fishing 

period for Big Pelagic (swordt'ish and albacore) which is carried out with long-line 
and travelling net and consequently causes the catch or high numbers or turtles 
which, although accidental, determines the death of many specimens f'or two main 
reasons. Firstly the :flesh of' Caretta caretta is considered a delicacy in some areas 

(Ionic coast of' Apulia) ror which consumers are willing to pay high prices so 

inducing rishermen to break the law (M.D. 21/5/1980 - U.G. n° 156 9/6/1980 rorbidding 
the catch and sale or turtles) and land the captured animals. Secondly, the specimens 
caught with long-line generally swallow the hook which sticks in their oesophagus 

o.r stomach even a:fter they have been freed, with obvious consequences (bleeding, 

starvation). It is dif'f'icult to say how many animals, freed in these conditions, 

manage to survive arter the trauma. The travelling net, widely used by fishermen on 

the Ionic coast of' Calabria, where :fortunately the Cheloni are not eaten, causes 

death by surrocation of a certain percentage or captured animals. From our obser

vations carried out directly on board vessels with this equipment, mortality resulted 

at 30%, mainly in the case or small to middling-sized specimens. Of the 31 specimens 

or caretta taken !'rom the net in our presence, 9 were already dead. We believe that 

data and observations collected during our investigation on Big Scombroidei fishery 

in the Gulf' of' Taranto (DE METRIO et al., 1986-;1987) may give an idea or the entity 

or catch and consequently of' mortality or Caretta. Big Scombroidei fishery is 
carried out seasonally here by 88 vessels f'rom Apulian and Calabrian harbours as well 

as by an unknown number of boats from Sicilian harbours. Of these 88 vessels, 

59 are equipped with long-line while 29 have travelling nets. For the long-line 
fishery, data were collected on landing in the harbour or Porto Cesareo on the Ionic 

coast of Apulia and those relative to the !'our-year period 1978-1981 have already 
been reported (DE METRIO et al. , 1983) • We reproduce here the number of individuals 
caught ror each single year for a comparison with the figures ror the t'ollowing 
five-year period: 

year no vessels no C. caretta no D. coriacea 
1978 36 226 0 
1979 27 964 4 
1980 32 286 
1981 23 341 
1982 31 139 1 
1983 27 0 0 
1984 29 110 0 
1985 36 29 0 

1986 34 0 

A reduction of catch in the last five years appears evident by we are not convinced 

that the data for these years are completely accurate. The !'act that no specimen 

was caught in 1983 is totally impossible. Actually with the coming in rorce of' 

the above-mentioned law and the resulting control by the authorities together with 

active propaganda campaigns by protection bodies induce fishermen to keep the real 

entity of catch from even researchers and we believe the catch to be much greater 

than that reported. Frotunately the phenomenon is not generalized to all the ports 

in Apulia in fact at S.Maria di Leuca, a harbour a rew miles !'rom P. Cesareo, the 

:f'ishermen collaborate enthusiastically with Prot'. ARGANO in the marking and freeing 

of' the turtles caught. Bigger catches are obtained with travelling nets but they 

are diff'icul t to assess as all the animals caught in the nets are rreed by the 
fishermen, indiscriminately, when they are brought in and are not found in the 

landed catch. However, f'rom personal observations directly on board and !'rom what 
trustworthy, expert fishermen say we have calculated that the 29 vessels studied, 

working with nets along the Ionic coast of' Calabria, catch (and re-catch?) 16000 

specimens totally for each se~son. One vessel with 12000 metres of' net, catches 
:f'rom 3 to 50 specimens on an average in one trip. Calculating that for every fishing 

season a vessel totals 60 working days it is evident that our figures are lower 

than might be calculated. Calculating only a 10% mortality and therefore 2/3 int'erior 

to that observed, the result is atill alarming. We believe that this phenomenon is 

not to be overlooked when studying the numerous cases of stranded turtles wl:)ich 

the media have only just started to report, supert'icially attributing the cause to 

hypothetical problems or pollution. The high mortality due to accidental catch 

together with other causes of death which we will report in an in extenso work, 

and with the increasing anthropization of' even the remotest beaches constitute a 

dit't'icult problem for the survival and protection of the species in question. 

On the other hand the great importance or Big Scombroidei t'ishery for the economy or 
southern Italy cannot be ignored. 
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V-III6 

Conservation of the endangered Sea Turtles 
Chelonia mydas and Caretta caretta in Israel 

Shoshana ASHKENAZI and Avner SOFER 

Nature Reserves Authority, 78 Yirmeyahu Street, 94467 Jerusalem (Israel) 

Four species of sea turtles occur on the sea-shores of 
Israel. Two of these, the Green Turtle Chelonia mydas 
and the Loggerhead Caretta caretta, nest regularly on 
the Mediterranean coast. The Hawksbill EretmochPlys 
imbricata occurs occasionally on the Red Sea shore in 
Elat, and the Leatherback Dermochelys coriacea is 
observed on rare occasions on both the Mediterranean 
and Red Sea coasts. 

Since 1979, both Caretta caretta and Chelonia !!lvdas 
are monitored in Israel by the Nature Reserves 
Authority. During the breeding season (May-September), 
the Mediterranean sandy shores are surveyed once or 
twice a week (either by vehicle or on foot), in order 
to study nesting habits, preferred habitats, 
environmental factors and the survival rates of eggs 
and hatchlings. 

Any tracks which are discovered are checked for 
"false" or "true" nests, and environmental features, 
e.g. habitat type, distance from the sea, phase of 
moon are recorded accordingly. Nests found are marked 
with an inconspicuous sign, and are checked again 
around the estimated hatching date. During the 
hatching process (24-48 hrs), the nest is being 
guarded by rangers until all hatchlings have reached 
the sea. Unhatched eggs or dead hatchlings are 
collected and checked. 

Each year, 5-20 nests of both species are found. Of 86 
nests that were checked over the years, 75.7% were 
found to be Car.:>tta car.:>tta and 24.3%, Chelonia rnydas. 
Clutch size is x=76.3, Sd=15.2, n=31 and x=105.9, 
Sd=31.2, n=12, for Caretta caretta and Chelonia mydas 
respectively. Incubation period in most of the nests 
in situ, is 50-55 days. 

During the 1986 nesting season, several nests were 
monitored for physiological features such as air and 
nest temperatures, and humidity and oxygen content of 
nest during the incubation period. 

The best natching successes in Caretta caretta nests, 
were obtained in egg pits at 27 em depth, with 2-6% 
humidity in nest air and 2-3% in nest sand. Nest 
temperature rises by 6""C during the incubation period. 
The temperature gradient in the egg pit is about {.s=c 
(Silberstein, 1988). 

During 1979-1984, artificial incubation and indoor 
raising and marking experiments were carr"ied out. 
Hatching success of artificially incubated eggs was 
found to be lower (x=51.3%, Sd=29.4, n=8 and x=32.3%, 
n=2) than of eggs hatched in situ (x=91.0%, Sd=7.0, 
n=13 and x=94.4%, Sd=5.6, n=3) for Caretta caretta and 
ChPlonia mvdas respectively. 

The main causes of nest losses were sea storms 
flooding the nests, and predation of eggs and emerging 
hatchlings by the crab l.>c.yp·-·d'"" ~- Predation by 
man and domestic animals were also recorded. 

artificial incubation and 
that the best conservation 

both sea turtle species on 
shore is incubation in their 

under weekly surveillance. 
considered only where nests 
of flooding or predation by 

Preliminary results of 
raising experiments show 
strategy for nests of 
Israel's Mediterranean 
natural beach setting 
Artificial incubation is 
are in immediate danger 
animals or by man. 

Silberstein, D. 1988. Physical conditions prevailing 
in nests of the Loggerhead Sea Turtle Care~Ta caretta 
and their effects on egg development. l"'Sc Thesi;~ 
Tel-Aviv University. 
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V-III7 
The endangered loggerhead of Zakynthos relative 

to the Mediterranean Sea Turtle conservation problem 

Uly E. VENISELOS 

Governing Council of the Hellenic Society for Protection of Nature, 
3 Merlin Street, 10671 Athens (Greece) 

and 
Management of the Greek Animal Welfare Society, 

24 Park Towers, 2 Brick Street, London W1Y 7DF (England) 

THE ENDANGERED LOGGERHEAD OF ZAKYNTHOS RELATIVE TO THE MEDITERRANEAN SEA 
TURTLE CONSERVATION PROBLEM 

A Recommendation at the Council of Europe's most important meeting on wildlife 
conservation on the 11th December 1987, was unanimously accepted by the Greek 
Government. This Recommendation concerned itself in great detail with the 
essential measures to protect, on the island of Zakynthos (Laganas Bay), the 
largest known concentration of nesting Loggerhead sea turtles in the 
Mediterranean. Additionally, a co-ordinated three Ministerial Decision was 
signed in Greece in December 1987, to control traffic in the Bay. 

In the summer of 1987, research by the Sea Turtle Protection Society (STPS) 
revealed that fewer sea turtles nested, compared with any previously recorded 
year. Furthermore, half of the nesting turtles were injured, some very seriously, 
presumably by motorboats which constantly criss-cross the entire Bay. . 

Human related disturbance presents the greatest hazard to successful nesting .. · 
night-time beach use; beach obstruction by boats and sunbeds; the digging of 
pits and building of sand-castles; compaction of the sand from constant use by 
humans and vehicles; excessive dynamite fishing; machine cleaning of the beaches; 
accumulated litter; the planting of Tamarisk trees altering the sand temperature 
and ground humidity; the fatal attraction to hatchlings of unshielded lights 
inland; low frequency sound of the discos heard all over the Bay; sand removal 
for the recent build;i.ng boom; horse riding along the beaches; destruction of 
nests by beach umbrellas stuck in t"he sand; man-made walls on certain beaches 
preventing sea turtles from nesting; and the most serious disturbance, 
touristic development. 

The Kalamaki area aims at 30,000 beds and at a distance of only 150-200 metres 
from the water edge of the nesting beaches. If one also adds the 300,000 
tourists who, according to the Prefect's official statement in the Greek press 
~er 1987, will be visiting the island in 1988, I ask you: how will it 
be possible for nesting areas to be protected in the face of this invasion? 
For anyone to believe that guards will be able to control such a vast number of 
people is quite unrealistic! 
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I quote: "Greece has agreed (Recommendation No. 12. Council of Europe 
11.12.1987) that Laganas Bay should qualify for a stricter protection category, 
such as marine park, natural monument or other appropriate legal status." How 
could such a protected area sJ,Irvive the impact of mass tourism? 
I am greatly concerned at the lack of available information on comparative 
studies, data, etc. collected in Zakynthos and the Peloponese over the last 
four years. I am also worried that research and -conservation efforts are 
concentrated mostly on the two small nesting beaches of Sekania and Daphni, 
which appear to sustain the largest number of female sea turtles (approximately 
63% of the whole of the Bay), although these beaches are actually losing many 
of their nests due to this unprecedented overcrowding. Almost no effort is 
being made to conserve the equally important an<\ as yet undeveloped beaches at 
East Laganas and Kalamaki! This is due, of course, to the vocal opposition of 
a minority which puts at risk the very survival of the Zakynthos Loggerhead. 

By concentrating all short-term efforts on the small and grossly overcrowded 
beaches, one is surely guaranteeting that the Zakynthos turtle population will 
continue to decline, perhaps even to the P<?_int of extinction. There must be an 
nrgent redirection of research and monitoring to the other beaches. It is of 
vital importance, therefore, that over the next few years a comparative applied 
research programme and study be carried out, in order to establish the rate at 
which the species is threatened with extinction. 

In addition to the above problems, there is an even more serious national legal 
issue which does not appear to have been understood by organizations outsicre-
Greece: the Ministerial Decision of 29th January 1987, Controlling Residential 
Development, Restricting Building and Defining Zones for the protection of sea 
turtles is valid for three years only! In January 1990 Laganas Bay will remain 
without any legal protection! 

In April 1988 the appeal launched by about nine out of the twenty landowners of 
Laganas denouncing the Ministerial Decision as illegal, is to be tried by the 
highest Greek court. It is very possible that the landowners could win their case 

The long promised Presidential Decree, if signed and published before April 1988, 
alone could prevent the above-mentioned disasters, but the problems of the 
Zakynthos Loggerhead will never be solved until andlinless the laws are 
scrupulously enforced. 

I cannot stress sufficiently that this is not a local issue but a national 
and international Mediterranean one. -

There is now a serious danger that the Mediterranean Loggerhead turtle will not 
survive. New problems emerge daily and conservation measures are few. some-
scientists consider that sea turtles could already be extinct as a breeding 
species in the Mediterranean. 

I believe that one responsible· body should co-ordinate Mediterranean sea turtle 
conservation projects, research, funding and lobbying, e.g. The Mediterranean 
Association to' Save the Sea Turtles ( MEDASSET) in which all European countries, 
international organizations and individuals could work together to ensure the 
future survival of the highly endangered Mediterranean sea turtle. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 



V-III& 
Turtle conservation In Cyprus 

A. DEMETROPOULOS and M. HADJICHRISTOPHOROU 

Ministry of Agriculture and Natural Resources, Department of Fisheries, Nicosia (Cyprus) 

Of the marine turtle two, the Green Turtle (Chelonia mydas) and 

the Loggerhead Turtle (Caretta caretta) have been found to breed 

regularly on the island's bea.ches. Both have evidently been more 

abundent in past. In Cyprus turtles and their eggs have been protected 

by law (Regulations made under the Fisheries Law, Cap.135) since 1971. 

In 1976 and 1977 a thorough survey of the turtle breeding beaches 

was undertaken. It showed that the Green Turtle breeds almost 

exclusively in the desolate beaches the west coast of the island 

north of Paphos, mainly in the Lara area. Loggerhead turtles breed on 

most beaches that provide some "privacy" after midnight. 

In 1978, after the diagnosis was made that the turtle populations of 

Cyprus are declining and are in danger, a conservation project was 

launched, by the Fisheries-Department and a hatchery was set up to 

increase hatching success and survival. It is the first and only 

hatchery in the Mediterranean and in Europe. The project was mainly 

aimed at protecting the Green Turtle which was in danger that the 

Loggerhead Turtle. The main dangers to the turtles are destruction of 

their breeding habitats and predation by foxes on eggs and hatchlings. 

Resent estimates of thei lC populations put them at about 100. The 

Loggerhead turtle population is also at the same time being looked into 

and aided, though there is evidence that this is larger. 

The project is administered directly by the Department of Fisheries 

of the Ministry of Agriculture and Natural Resources and is financed by 

Government funds. For three years (1980-1983) it has received 

ubstantial help from the World Wildlife Fund as a IUCN/WWF project. 

The study of populations is being carried out through tagging and 

surveys and the restocking of the sea by hatchery work and by "head 

starting". Hatchery work includes collection of the eggs and hatching 

with various methods, primarily by reburying the eggs in the sandy 

beach of the station, but also by laboratory hatching. The project also 

includes collection of data on environment and hatche.ry conditions. 

Hatchling and young turtle nutrition are being studied in a special 

laboratory set up in Nicosia. Rearing to various ages is being 

undertaken and will continue primarily with a view to investigating the 

possibi 1 i ty (and success) of releasing ongrown turtles as well 

hatchlings. 

The methods that have been used in the project have been the 

protection of "natural" nests in situ and the removal and hatching of 

nests that could not be adequately protected in situ, in the turtle 

hatchery at Lara. 

Each year since 1978 about 3000-4000 hatchlings are released to the 

Hatching rate has been in the region of 60%-75-t which though a 

1 i ttle lower than that of "wild" nests it is multiple of the number of 

hatchlings that would have reached the sea from these nests should they 

have been unprotected. 

The Lara beaches leased by the Department of Fisheries and are 

managed as a nature reserve. The intent is of course to have the main 

breeding beaches permanently protected in such a way during nesting and 

during hatching. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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V-III9 
Loggerhead (Caretta caretta) In Italian waters 

(Reptilia, Chelonldae) 

M. COCCO*, A. ARGANO* and R. BASSO** 

• Dipartimento de Biologia Animale e deii'Uomo, Universita, Roma (ltalia) 
•• Museo di Storia Naturale del Salento, Calimera, Leece (ltalia) 

Loggerheads are relatively frequent in Italian waters. 
They are accidentally captured in remarkable number, main
ly by drifting longlines, in a smaller amount by trawling 
and gillnets. 

More loggerhead (64%) than swordfish were exceptionally 
fished in August 1982 using drifting longlines in the Gulf 
of Taranto (Miccoli,1985); obviously it is an unusual 
case: the normal number of turtles captured in the same 
month and in the same area with this kind of fishing is in 
average the 3% compared with captured swordfish. 

From 1985 to 1967, thanks to the co-operation of 
fishermen in Salento (mainly s. Maria di Leuca, Otranto, 
Tricase), Molise (Termoli) and other parts of Italy, it 
has been possible to rescue, to tag and to release 537 
specimen. 

The 87% of those were captured using drifting lonyllnes, 
6'1-. by trawling, 2":, by gillnets and the rem.:~ining 5":, 
using different manual methods. 

We had tag returns: turtles were collected in Sardegna, 
Tunisia, Albania and along the Italian shores both Adria
tic and Tirrenian. A loggerhead relesead in the Gulf of 
Mexico on June 2, 1982, was recaptured by us in S.Marla di 
Leuca on August 19, 1986. 

Furthermore a remarkable number of specimen were rescued 
by distraint, strandings~ occasional captures, and so only 
a small number of those could be tagged. Totally 
rescued and released more than 800 turtles. 

The rescue and the releases of adult specimen request an 
organisation of stalling centers for animals in sickness 
or in bad conditions. 

We consider this as a fondamental operation both on the 
educational and conservational purpose: we work to make it 
more efficent, but we need suitable means. that needs to 
be ampliate, when possible. 

So it will be possible to control fishing damages, to 
educate people to a better use of the natural resources 
and to restore natural populations with specimen in 
reproductive age. 

Reguarding to the breeding areas, single nests were 
located along the Sicilian coasts from Marsala to Mazara 
del Vallo, Gela, Capo Passero, over Pelagian Islands 
(La~pedusa and Linosa). 

As well as a continuous control in the deposition.;!l 
sites, a mapping of the beaches of Southern Sicily was 
done, describing all -the tronble data, witb the. aim to 
report further exploitations and to reduct the present 

cot lee tlng method a 
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Miccoli R., 1985. Tesi di laurea - Universiti:l' degli 

Stud i d i Parma. 
Hughes G.R., A.J. B~ss, M.T. Mentis, 1967. Lammergeyer 

7/:5-54. 
De Metric G., G. Petrosino, A. Tursi, 1982. Atti Xiv 

Congr. Soc. It. Mar., Massa Lubrense, 1982. 
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V-IV1 
Sur Ia repartition de Glob!cephala melaena (Tralll, 1809) 

dans les eaux medlterraneennes Espagnoles 

J.A. RAGN, A. RADUAN', G. DESPORTES**, J.A. BALBUENN et E. ABRIL* 

• Departamento de Biologia Animal, Facultad de Ciencias Biologicas, Universidad de Valencia, 
C/Doctor Moliner 50, 46100 Burjasot, Valencia (Espana) 

•• FOroya Natturugripasavn, FR - 100 Torshavn (lies FarM) 

INTRODUCTION 

Une etude sur la distribution de Globieephala melaena du XIXeme siecle 
jusqu I a DOS jOUrS ffiOfltre que 1 1 espece €St distribu€:e irr€:gulierement danS leS 
eaux espagnoles de la M€:diterran€:e. Depuis 1918, il est a remarquer que les 
observations du Globic€:phale noir sent peu nombreuses pres des cOtes de Catalogne 
et dans les eaux voisines, a lors qu' elles sent plus fr€:quentes au tour des Baleares, 
pres de Valence, et plus sp€:cialement dans lamer d'Alboran. 

En M€:diterranee occidentale, une repartition irr€:guliere a €:galement €:t€: 
observ€:e pres des cOtes frant;aises : la fr€:quence plus €:levee de G. melaena dans 
les eaux voisines de la Mer ligurienne contraste avec 1' absence presque tot ale 
a l'ouest de 1 'embouchure du Rhone (Di Natale et Mangano, 1981 ; Duguy, 1983 ; 
1984 ; 1985 ; 1986 ; 1987). 

RESULTATS 

Un total de 49 €.chouages et observations en mer de G. melaena pres des 
cOtes espagnoles de la MCditerranee a ete enregistr€. de 1860 jusqu I a nos jours. 
Parmi ceux-ci, 5 se trouvent dans les eaux de la Catalogne, dont 4 se sont 
produits dans la periode 1894-1918, 4 pres des Baleares, 19 dans le secteur de 
Valence, et 21 en mer d'Alboran. 

L'etude d'un contenu stomacal d'un sp€:cimen de G. melaena €.chou€. sur les 
cOtes valenciennes a montr€. les restes de c€.phalopodes appartenant aux genres 
Hiatioteuthia (4 proies) et Roaaia ( 1 individu), de meme qu' a la farnille Oetopo
teuthidae (2 exemplaires). Il a egalement ete trouve des otolithes appartenant 
a des poissons de la famille des Gadidae (6 individus). 

DISCUSSION 

On peut supposer qu'il y a plusieurs facteurs qui conditionnent la distri
bution de. cet odontocete : nourriture, caractCristiques des eaux, courants de 
meme que d f aut res difficiles de pr€.ciser (contamination, act ivit€:s humaines, 
etc ... ). 

En ce qui concerne la nourriture de G. melaena en M€.diterran€:e, les- seules 
donnees existantes ont €.t€. fournies par Desportes ( 1985) pour les cOtes fran'iaises, 
signalant 1' apparition exclusive de c€.phalopodes dans son r€.gime alimentaire, et 
notamment les especes Teuthowenia mega lops, Histioteuthis sp., Chiroteuthis sp. 
et Toradotes sp. N€.anmoins, dans le seul contenu stomacal examin€. jusqu' 8. pr€.sent 
pour les cOtes espagnoles, a part des restes de c€.phalopodes, il a €.t€. trouve des 
otolithes de poissons. 

Les groupes de cephalopodes qui font partie du regime alimentaire du 
Globic€.phale noir €.chou€. sur les cOtes valenciennes ne sont pas exclusives de ces 
eaux. Pour cette raison, la nourriture, en d€.pit de son importance, ne semble 
pas etre un facteur limitant de sa repartition. 

Les variations le long des cOtes m€.diterran€.ennes d 'Espagne des conditions 
des eaux qui peuvent influencer directement la repartition des c€.tac€.s' telle la 
temperature, paraissent etre peu importantes. En raison de cela, on peut penser 
que ce facteur peut difficilement jouer un role primordial dans la discontinuite 
de G. melaena sur nos cotes. 

D'apres Smith et al. (1986), il parait y avoir une correlation entre la 
repartition des c€.tac€.s et les concentrations superficielles de chlorophylles, ce 
qui peut etre un autre facteur a prendre en compte dans la repartitiOn du 
Globicephale noir dans le bassin occidental de la Mediterranee, notamment dans 
les eaux espagnoles. En fait, Estrada et al. (1985) signalent une haute producti
vite primaire le long des cotes de Valence et, en general, dans tout le sud-ouest 
m€.diterran€.en. 

En ce qui cone erne les courants, d 1 a pres les donnees publi€.es par Font 
(1987) sur les eaux superficielles de lamer Catalanne, il parait exister, dans 
les zones de Valence et des Bal€.ares, une s€.rie de courants de nette influence 
atlantique. En ce qui concerne les eaux de Catalogne, on a observe, n€.anmoins, 
une influence des eaux du RhOne et du courant Liguro-Provenc;.al. 

D' apres Giordano 0982), la turbidite des eaux peut influencer la distri
bution de quelques especes de cetacea, comme Stenella eoeruleoalba. A ce propos, 
il est int€.ressant de signaler que, dans la M€.diterran€.e occidentale, les zones 
avec la frequence la plus faible du Globicephale noir correspond avec 1' aire 
delimitee par 1' embouchure des. fleuves Rhone et Ebro. L 1 influence de ces fleuves 
comme facteur limitant possible de la distribution du Globicephale noir dans ces 
zones est done a prendre en compte. 
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V-IV2 
Hlvernage et mise-bas du Cachalot en Corse 

D. VIALE, V. LOIZEAU etC. FERNANDEZ• 

MEDICET, Universite de Corse, B.P. 24, 20250 Corte (France) 

Les Mers Ligure et Tyrrhtmienne ont touj ours ete considerees par les 
anciens cetologues comme favorables aux cachalots, la premiere comme 
aire de nutrition parce que riche en cephalopodes, la seconde comme aire 
d' hi vernage et de mise bas. 

Cependant les observations en mer sent peu nombreuses comparees A 
celles des autres especes <VIALE, 1985 l; aussi les preuves de mises bas 
sont-elles interessantes. Le 31 janvier 1988 un cachalot de 6, 70 m 
s' echoue sur la plage de Chiuni, pres de Cargese, ouest-Gorse; son Age 
peut etre evalue a 0,1 a 0,5 an; il etait allaite totalement. 

A part une large fente ventrale beante, 1' etat du tegument sans 
cicatrice ni parasites externes et 1' epaisseur importante du lard, bien 
blanc et rigide sent des indications de bon etat general. Le foie est 
apparu a 1' autopsie ferme, bien conserve, sans aspects anormaux ni dans 
le volume, la forme ni la texture. 

En revanche, les intestins presentent exterieurement au niveau du 
mesentera des cristaux indentes 1' un dans 1' autre, formant des adhe
rences d'une anse intestinale a l'autre; a l'ouverture de la cavite 
abdominale les anses intestinales ne se sent pas eta lees li brement comme 
c' est le cas normalement; elles ne glissent pas les unes sur las aut res 
car elles soot rendues so1idaires par des accrochages li thiques realises 
par des concretions at des cristaux. 

De telles .formations lithiasiques ont ete deja decrites chez cer
tains specimens de cetaces CVIALE 1979, 1981). Dans tous ces cas 
observes les animaux presentent des teneurs non negligeables de 
cadmium, de plomb et de mercure susceptibles d'interferer dans le 
metabolisme du calcium. 

Des prelevements de tissus de ce cachalot ont ete faits en vue d' une 
recherche de polluants metalliques. 

Ce nouveau-ne est-il mort d'un accident, de maladie, ou de faim 
parce que sa mere est morte? Cette dern!ere supposition vient du fait 
que des le 22 janvier 1988, un cetace de 15 a 20 metres est annonce 
flottant mort a 8 milles de la cote orientale de la Corse, par 42"20'11'. 
Alertes, nous avons attendu 1' echouage en surveillant les variations 
meteorologiques : les vents du Jrord-est drossant 1' animal vers la cote se 
sont inverses des le 23 en vent de sud-ouest. Entre le 23 et le 31 
janvier les vents ont souffle dans les directions de 130• a 220* avec 
des vi tesses variant de 61 a 118 km. h-'. Il s' ensui t que le be be 
cachalot qui flottai t le long de la cote S'i de Corse a ete drosse a la 
cote a1ors que le cetace adu1 te ne s' est pas echoue sur las cotes de 
Tyrrhenienne. De fait, le courant superficial dans le Canal de Corse 
presente en janvier une soudaine acceleration et depasse 50cm. sec-~ 

<ASTRALDI et al., 1987; HEBURJr, 1987). Ce dernier ·auteur y mode lise les 
vecteurs vitesse du courant superficial du au vent en janvier et, 
d • a pres ses figures, tout cadavre flottant vers 42 •JJ et ayant une prise. 
au vent doit etre entraine rapidement et peut se retrouver sur la cote 
depuis lfice jusqu'au dela de 1Jarseille . 

Effecti vement un cadavre de cetace de 16 m femelle est venue 
s'echouer pres de Cassis le 5 fevrier 1988, lll!lis c'est un Rorqual 
(Boloenopten physalus ) . 

Discussion:: 
La mort du jeune cachalot ne peut done etre supposee liee a celle de 

sa mere; elle est probablement d' origine traumatique ou troumatico
pathologique Uee a un dysfonctionnement calcique d' envergure a pte a 
engendrer des problemes psycho-moteurs. Les anomalies sous forme de 
calculs mis en evidence dans les intestins impliquent una alteration du 
metabolisme calcique . 

La mort de ce cachalot nouveau-ne allaite atteste la presence de 
1' espece en hi ver en Xedi terranee occidentale : 11 serai t interessant de 
localiser de fa<;:on plus precise la zone d'hivernage et de lllise bas, qui 
revelerait ainsi ses potentialites trophiques hivernales. Il est 
possible que ce soit la Tyrrhenienne. 

En effet, les travaux recants sur la dynamique de la Xediterranee 
montrent 1' importance des echanges de cette derniere avec la Mer Ligure 
par le canal de Corse et les bouches de Bani faccio ; par suite, de 
nombreux echouages attribues a des populations liguro-proven<;:ales sent 
probablement d • origine tyrrhenienne . 

Des missions seraient necessaires dans cette zone en hi ver. 
Au cours de 13 missions oceanographiques traversant la :Kedi terranee dans 
taus les sens entre 1978 et 87 Cvalorisations de transits ClfRS-CIRKED ou 
IFREJlER) <VIALE et al., op.cit.l on observe trois fg1s plus de 
baleinopteres que de cachalots. 

Parmi ces missions, 4 ont eu lieu en Tyrrhenienne en printemps-ete 
et n' ant fourni aucune observation de cachalot. 

Des missions en Tyrrhenienne en hiver seraient done utiles pour 
chercher une coherence entre les observations, les echouages et la 
dynamique de cette zone. 

Rtlferences : 
ASTRALDI X. I G. p. GASPARINI I r: HOPKIJJS, G. X. R IU.IiZELLA, 1988 - Temporal 

variability of currents in the Eastern Ligurian Sea. fl1lCE Newsletter, 
n"ll <Janvier 1988) : 45. 

HEBURJJ G. 'i., 1987 - The dynamics of the ~estern Mediterranean Sea : a 
wind forced case study. fl1lCE XeOiSletter, 9 : 11-23. 

VIALE D., 1979 - Etude au J(. E. B. des concretions rencontrees dans des 
tissus de cetacea .echoues. In D. Guillaullin edit. Xicroscopie 
electronique a balayage, methode d'exploration en biologie. 
Arnette, Paris : 49-52. 

VIALE D., 1981 - Lung pathology in stranded cetaceans on the 
Kedi terranean coasts. Aquatic Jfai1111l!ls, Netherlands, 8(3) : 96 -100. 

VIALE D. 1985 -Cetaceans in the North'iestern Mediterranean : their place 
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V-IV3 
Cetaces en Medlterranee orientale : 

campagnes CETORIENT sur N/0 Le Surolt IFREMER, 1986 

D. VIALE, J.N. DE CRESCENZO, I. ERUCH et A.M. ISE:.TTI 

CVAREN, Universite de Corse, B.P. 24, 20250 Corte (France) 

Deux valorisations de transit du navire oceanographique "Le Suroi t" 
all ant en Xer Rouge (mission xnros de 1' IFREMER> nous ant permis de 
traverser la Xl!di terranee Orientale deux fois <Toulon - Port-Said -
Toulon> en etudiant la macrofauna de surface et les biomasses sous
jacentes, du 11 au 16 mars et du 14 au 19 avril 1986. 

JIATBRIRL et JIBTHODBS. 
Detection visuelle des cetacea, oiseaux, thons etc. et acoustique 

des biomasses profondes <sondeur de 15KH avec enregistrement sur 
papier). Xesure en continu de la temperature de 1' eau superficielle et 
de l • air par une sonde thermique avec affichage electranique a la 
passerelle; un releve manuel est fait toutes les 30 minutes, avec 1' aide 
des officiers de quart; la vi tesse du navire varie de 9 a 11 noeuds, ce 
qui represente une maille pour 1' observation de la templ!rature variant 
de 4, 5 a 5, 5 milles, equivalente a ce11e de la teledetection infra-rouge 
fournie dans les documents du Centre Xetl!orologique de Lannion que nous 
utilisons pour caler nos ll!esures et nos observations. 

La vigie est maintenue en continu de jour, interrompue au crepus
cule. La largeur de la zone inspectee le long du trajet varie avec les 
conditions meteorologiques et l'heure de la journee : elle a l!tl! de 1,5 
a 2 milles de part et d'autre du navire entre llh et 14h <TU +2>, 
1 mille par soleil voile, et 0, 5 mille a partir de 17 h. · 

RBSULTATS 
A l'aller, huit observations de cl!taces, soit 35 individus, 

trajet de 3000 km comportant 60 heures de vigie 
1 Balaenoptera physalus en Jler Ligure 
1 Physeter macrocephalus en Mer Ligure 
5 Stenella coeruleoalba en Xer Ligure 
2 Balaenoptera physalus en Tyrrhenienne. 
3 Grampus griseus en Xer Ionienne. 
1 groupe de Tursiops truncatus au large du Stromboli. 
1 groupe de Tursiops truncatus dans le detroit de Xessine. 
1 groupe de Delphinus delphis a 100 milles de Port-Said. 
Au retour, deux observations, soi t 27 indi vidus pour le ~me nombre 

d'heures de vigie. 
La mission retour, par un hasard de circonstances, a reproduit les 

~mes conditions de vigie dans les zones traversees a 1' aller : d' ou 
l'observation des troupeaux de Tursiops dans le detroit de Xessine et au 
large du Stromboli, comme a l'aller. 

Des discontinui tes thermiques apparaissent en Tyrrhenienne et en mer 
Ionienne alors qu • elles n • apparaissent pas sur les cartes du Centre 
J[eteorologique Jlational de Lannion. La plus forte discontinuite thermi
que est observl!e a 100 milles de la cote d'Egypte. 

ParalH•lement, la bande enregistree au sondeur ne montre des echos de 
banes de biomasse que dans le dl!troi t de Messina et en mer Tyrrhenienne 
a la hauteur des Bouches de Bonifaccio 

DISCUSSIOI. 
Au total, si on ecarte les Stenella et le cachalot observes en 

quittant Toulon et les Balaenoptera physalus observes en Tyrhenienne, 
trois especes seulement ant ete observees dans le Bassin Oriental : 
Tursiops, Grampus, Delphinus. 

Les resul tats sent tres decevants : indica moyen d' abondance de 
0,062 individu par mille. Dans des conditions d'etude rigoureusement 
semblables en Jledi terranee Occidentale, six especes sont observees avec 
un indica moyen d'abondance de 0,52 individu par mille de vigie, et de 1 
en Xer d' Alboran et dans le Detroit de Gibraltar. 

Le sondeur semble indiquer peu de biomasses le long de notre trajet; de 
fait, nous pensons que le reglage aurait dil Atre mieux adapte A ces 
faibles biomasses, ce que nous avons realise dans nos autres missions 
<LEGALL, 1986 ; VIALE, sous presse>. 

Un resul tat probant est neanmoins la concordance des observations de 
cetaces sci t dans les detroi ts au j ustement 1' echosondeur a revele la 
presence de biomasses, soit pres des discontinui tes thermiques. ffous 
avons deja obtenu des resul tats semblables au cours des missions en 
Jledi terranee Occidentale <VI ALE, op. c:1 t. ; VI ALE et PISTEK, 1988); 
1' investigation doi t Atre poursui vie pour comprendre le determinisme des 
discontinui tes thermiques rencontrees et semblant product! ves d' apres la 
repartition des cetaces observes. 

COICI.USIOI. 
La repartition des cetacea, composants essentials de la macrofauna 

de surface, est tres heterogene en Jlediterranee Orientale et semble, au 
terme de cette premiere enquAte, liee aux zones de front , comme nous 
1 • avons trouve dans le Bassin Occidental. 

RBFBRBICBS. 
LEGALL J.L.,1986- Apport des techniques acoustiques dans l'etude de 

1' environnement trophique des cetaces. DEA d' Oceanographie, 
Uni versi te PARIS VI. 

VIALE D. , sous presse. Test d • una methode synoptique de detection des 
cetacea et biomasses profondes : campagnes ECHOCET 1986. Ann. 
Instit. Oceanogr. Xonaco 

VI ALE D. et P. PISTEK - 1988. Correspondence between surface macrofauna, 
DSL and Western Jlediterranean circulation. fiXCE NeliSletter, 11 : 69. 

lle~ie.ants : a la commission CJilS- IFREXER pour nous a voir confie 
cette miseion, aux equipages du SUROIT qui nous ant aides et au CERO de 
Villefranche-sur-:mer pour des prAts de documents. 

<•>Jlissions realisees sur cr~dits CJilS, Laboratoire d'Ecologie des 
cetacea, n .34915. 
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X-Il 
Table Ronde 

"Ecosystemes des marges continentales" 

Andre MONACO 

laboratoire de Sedimentologie et Geochimie Marines, Universite de Perpignan, 

Avenue de Villeneuve, 66025 Perpignan (France) 

La Commission Internationale pour 1 'Exploration Scientifique de la mer 
Mediterranee, dans le cadre de son Pro jet d' etude de la marge continentale, a in
t:egre les resultats des actions actuellement menees a travers lei' Programmes 
ECOMARGE et EURECOMARGE. 

Cette Table Ronde a ete organisee pour etablir un bilan des travaux 
pluridisciplinaires qui se deroulent sur les marges continentales ; il est done 
largement: ouvert et depasse le cadre strict du Programme fran~ais. 

Des presentations synthetiques, si possible pluridisciplinaires, ont 
ete demandees pour ouvrir une discussion prospective. 

En effet, l'action de stimulation C.E.E., EURECOMARGE, a permis de 
reelles collaborations (echanges, missions communes, utilisations collectives 
d' instruments et de moyens lourds) entre les equipes espagnoles, fran~aises, grec
ques, italiennes et suisses, qui ont amene a une focalisation des themes et a des 
reflexions constructives. L' Algerie participe a ce Programme dans le cadre de coo
peration bi-laterale. 

On trouvera, dans les condenses ci-apres, un aper~u des travaux ac
tuels menes par les differentes equipes sur plusieurs ateliers en Mediterranee, 
mais egalement en Atlantique. On constatera, ainsi, l'identite des approches qui 
doit conduire a une vue globale des processus se deroulant dans un domaine cle du 
systeme oceanique et, a terme, a une modelisation. 

Dans les dernieres reunions de concertation (Workshop d 'Oceanologie a 
Naples, en novembre 1987, Reunion a Monte-Carlo, en avril 1988), il a ete decide 
de concentrer les efforts sur un nombre restreint de zones ateliers, de mettre en 
commun les moyens logistiques et de developper les techniques marines. Le manque 
d' instrumentation in situ constitue actuellement un reel handicap, les equipes ne 
possedant que des moyens classiques d' investigation exigeant des missions repeti
tives. 

Il devrait etre possible de beneficier, en 1989, d 'une prospection, 
par sonar lateral (SAR) et par submersible CYANA, sur les cibles dHinies en Me
diterranee occidentale, en collaboration avec 1 'Institut Fran~ais de Recherche 
pour 1' Exploitation de la Mer. 

Dans les differentes phases de developpement du Programme, la 
C.I.E.S.M. est devenue partenaire de certaines actions internationales. Elle a 
egalement precede a 1' edition des actes du Colloque International d 'Oceanologie 
(Perpignan, juin 1987). Cette publication rapide, largement diffusee, a permis 
une information sur les travaux des differentes equipes au tour d 'une thematique 
dont 1' interet est desormais internationalement reconnu. 

La Table Ronde a pour finalite la definition d 'obj ectifs precis au vu 
des connaissances et de 1' ex-perience deja acquises ainsi qu 'une extension de col
laborations a tous les Pays mediterraneens ou europeens qui en ont, d 'ores et de
ja, manifeste le desir. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

X-12 
Transferts partlculalres et reponses 

de !'Interface sedimentaire 

Lea resuilbts obtenus dans le cadre au programme ECDMARGE, dan8 la zone ateher du Go lie ou Lion, 
permettent & present de caracteriser et de quantifier les processus contrillant les tran~ferts partiwlai res sur 
cette marge. Le systeme est ali mente, 8 !'entree, par les apports continentaux directs ou inoirects et par le 
courant liguro- prove~!, qui en coMtitue egalement le moteur principal. Le mouvement &dvectii de3 particules 
est module par Jes phtinomenes d'agreQation organo-miroerale (neige marine) et biologique (pelotes feceles) 
re5ponsables de la sedimentation pelagique (MONACO et al., 1987 ; HfUSSNfR et al., 1987a ; HfUSSNER et 
FOWLER, 1987). Ces pbenon-.lnes d'agregation soot particulierement important$ en j)triuoe d'homogerlliisstion 
deseaux et en peri ode de proouction. 

La repartition de la matiere en suspeMion montre que le traMfert platesu- pente est furtement 
controle par Je systeme hydrologique. 11 s'effectue selon plusieurs couches superficielle, intermeaiaires et 
proionde, identiiiees au cours de 5 campagnes saisonnieres (NYHELER et GODET, 1987). Ces neph<lloides, ou 
domine de fait le materiel terrigene, se torment et se detachent, au roive&u des discontinuites morphologiquos 
(rupture de pente, parois de5 canyons), dans les zones les plus energetiques et se maintiennent au niveau des 
ergoclines. Ce systeme est Ires sembl&ble 8 celui decrit sur Ia marge de Thermail:os-Spor<ldes (DURRIEU de 
1'11\TRON et al., ce volume). 

les exj)triences menees par pieges 3 particules sequentiels, & Ia sortie du systeme Gillie du Lion 
(Canyon Lacaze- Duthiers), conftrment et quantifient ces processus. Le materiel particulai re recolte revele une 
double origine : eutl'ligene et terrigene (MONACO et &1., 1987 ; HEUSSNER et al., 1987b ; MICHAELIS et al., 
1987; etc .. .), Ia seconde resultant principalement d'apporh &dvectifs par le fond. l'importance relative de ces 
deux composante3 depend de Ia 3aison et de J'etat h•Jdrologique. Ain3i, Je signal terrigene est predominant en 
biver, les flux mesures pres du fond ( 600 m) &ysnt attei nt 20 g.m- 2 .j- I 

Compte tenu cependant du caractere frais du materiel &dvecte-atteste p~r Ia presence de matiere 
organique labile, l'etat des pi~m<mb chlurophylliens, les achles amines (GUIDI, 1987; BUSCAll et al., 1987) -
ces flux sont tres energetiques. Les zones ou se maniiestent sai;onni~rement ces phtinomenes impulsionnels 
coincident avec Ia structure morphologique et batbymetrique. On note &iMi Ia plus iorte activite biogeochimique 
et biologique a !'interface sedimentaire dan~ Ia zone axiale du canyon (BUSCAIL, 1987}. Ces phtinomenes 
expliquent egalement Jes cycles annuels du rneiobentbos profond (copepodes et nematode3)' l'activite plus 
importante dans les canyons et !'existence de gradient de densite de population que l'on observe de Ia cilte vers Je 
large d'une part et d'Est en Ouest d'autre part, dans le sens du circuit liguro-prove~al (SOYER et al., 1987; DE 
BOVEE, 1987). 

le role determinant des canyons dans Je ionctionnement de J'ecosysteme des marges mediterraneennes 
epparait einsi de plus en plus nettement. les premiers resultats obtenus daM le zone Jigure confirment ce fait 
(CORRADI et al., ce volume). 
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X-13 

Bilan des transferts de matiere organique 
a !'interface eau-sediment 

sur Ia marge de Mediterranee Occidentale 

Roselyne BUSCAIL 

Laboratoire de Sedimentologie et Geochimie Marines, 
Universite de Perpignan, 66025 Perpignan (France) 

Une de:! compo3ante3 du programme EcomarQC est de preci:~er quelles peuvent etre l'origi ne et les 
caracteristiques (physico-chimiques) de:! flux de matiere organique sur Ia marQC du Golfe du Lion. Zones 
intermemaires entre les domaines epicontinental et les b8s3ins profonds, les marges ne representent que 14% 
de la surface oceenique mais constituent une zone cle pour Ia dynamique de:! transferts. On constate que les zones a 
concentrations elevees en 1118tiere organique col ncident ii peu pres exactement avec les merges continentales. De 
pl U3, la distinction qualitative de:! com~ organiques, labiles ou rHractai res, presente un grand interet pour 
Je fonctionnement de l'ecosystema benthique de Ia marge. 
1- ORIGIIE DES FLUX DE MATIERE OllliAIIQUE 

Sur la marQC du Golfe du Lion les composante:~ principeles de l'origine du materiel organique en 
SU3pension dens les masses d'eaux sont : 
!.:m:1gj ne continentale : !'apport par les fleuves pri nci paiement lors de leurs crues pri ntanieres et automnales en 
regime de type memterraneen. 
l.:grigine eDjcontjnentaJe :les apports conrniissent une periode de pre-depiit dens les zones prodeltaiques au droit 
de:! embouchures puis remis en suspension SOU3 l'effet des houles et des courants littoraux, il3 sont exportes 
vers le rebord du plateau. 
t"oriQine marine autochtone : La production biolOQique, importante dens Ia couche euphotique mais aussi 
pelagique par Ia production de pelotes fecales qui contdbue au flux de matiere organique vers l"interface 
sedimentaire (4). 
Z- DYNAHIQUE DU TRAII5PORT DE LA MATIERE OllliAIIQUE 

Sur les merges les modes de transport sont de deux types : 
Convectif : en raison de Ia dynamique de:! masses d'eau un f1 ux 8 composante de ®placement pi utiit oblique que 
vrai ment verticale est i~u de Ia production biologique et 'ubit une intense degradation biochi mique dens Ia masse 
d'eau d'ou le terme residue! pour le flux mesure 8 proximite du fond. 
~: Un systeme multi -couches turbide:l emprunte Ia tete de:! canyons ; pi us en aval Je nepheloide bentbique 
est susceptible d"alimenter l"interface sedimentaire de Ia marge ( 6). Les apports alimentent preterentiellement 
le chenal axial de:! canyons oii sont observees les plus fortes teneurs en C.org et Ia plus forte proportion de 
matiere organique hydroJ.ysale, ai nsi que des com~ ligneux d'odgi na continentale ( 7). 
Le piegeage des particules en suspension dans le canyon lacaze-Duthiers a revele, en ete, de:! flux en C.org. et en 
azote forts en surface et fai bles au fond selon un facteur 1 00 8 1. Par contre, en biver et au pri ntemps appar8lt 
un nepheloide benthique tres energetique m:c 200 mg C.org/ml/Jet 16 mg N/ml/J, soit 40 fois plU3 de C.org. 
et 20 fois plus d'azote qu·en ete it Ia mime profondeur. 
3 - MATIERE ORGAIIQUE DAIS LA BEITHIC BOUIDARY LAYER 

3-1 Caracteristiques biochimiques des flux it oroximite du fond 
Les caracteristiques biochimiques des flux it 600 m montrent !'importance de leurs variations seisonnieres. En 
ete la proportion de sucre et d'acides amines est inferieure it 25 % du flux de carbone organique total qui 
lui-meme est faible ; en eutomne on observe Ia predominance des sucres sur les acide:l ami~ indice d'une 
metiere organique plus degradee, moins assimilable par las organismes benthiques. Par contre, en hiver et au 
printemps,la proportion deC Org hC}drolysable principelement comtitued'acide:l aminesdevient predomiMnte. 
La presence ootable de gl vci ne, marqueur de la preservetion de:! membranes cell ulai res de Diatomees, ast un 
indice du transfer! rapide vers !'interface sedimentaire d'un materiel organique "frais" a haute valeur calorique. 

3-2 Matiere or!lllnioue it 1'i nterfece sedi mentoire 
En mo~,~Cnne les taux de C. Org. sont faibles it I 'interface (0,5 ii 0,8 %) mais Ia proportiond'elements labiles est 
forte par comparaison m:c las donnees du programme similaire SEEP sur Ia marge de Ne'w'-England (8). 
L'observetion simultenee de l'intarface s8dimentaire montre que pour una augmentation d'un facteur 10 du flux 
de C. orQ, 1 mg de C.org. est stocke en plw dans 1Q. de sediment superficiel. Pour Ia mime periode le ceractere 
labile done plus fllcilement assimilable de cette matiere organique se traduit per un taux deC Org hC}drolysable 2 
fois plus eleve (35 8 70 % du con. bien que !'augmentation dele biomasse benthique observee en reponse ii cet 
apport favorise une consommation plus importante (3). 

Les apports de composes organiques a l'intarface eau-sediment se font done par impulsions d'emplitudes 
variables avec les seisons, sous l'effet de l'hC}drodl,lnamisme ~neral du courant liguro-Provencal qui circule 
d'Est en Ouest damle Golfe du Lion, ou function du rigime des fleuve3 cOtiers tm 1183 i l'etiage, en crue lors de:! 
pluies diluviennes de J'automna et du printemps. 

3-3~ 

L'etude des flux de metiere or911nique o proximite du fond permet de preciser Ia diminution ootoble de C.org au 
passage suspensions du fond - interface sedimentaire. las pr~us ii l'origine d'une telle discontinuite son! de 
deux types: biologiques et geochimiques. Leur importance relative varie en fonction de la nature du materiel 
organique qui ali mente l'interface,labile ou refractaire ala degradation par las organislll83 benthiques, sensible 
aux pr~us d'oxydations chimiques. On ootera que nature de la fraction organique et composition mineralogique 
du sediment ne sont 1*1 iooepeOOIIntes et que !'etude de Ia diagenese pticoce de Ia matiere organique doit etre 
inclose dans une sedimentologie bien comprise definissant precisement les caracteristiques physico-chimiques 
das milieux de depiit ( 1,2). 

L 'interface cau-sediment ast le siege d'echangas de matiere organique dont le bilan a ete tente. Un flux 
mo~,~Cn annuel de 33 glm2/an de C.org. a ere mesure a 650 m de profondeur sur Ia marge. La confrontation entre 
flux de masse totale et Vitesse de sedimentation conduit 8 affirmer que seulement 3 % du flux C.org. contribuent 
au depiit, le reste etant exporte plus en 8\181 dans le canyon. Le bilan aboutit 8 ce que 30 ~ du flux de C.Org. 
s·~umulent et 70% soient relargues dens Ia masse d'eau, reparticipant ainsi au Cl,ICle du carbone en milieu 
oceanique. Pour quelques sites de lo marge Ia Vitesse d'accumulation du C.org. al'i nterfoce a ere correlee m:c _le 
oombre d'indiVidw de Ia meiofauna. La relation obtenue est de type exponentiel. Une valeur mini male limite du 
oombre d"indiVid~ semble stablllsee entre 200 et 100 fndiVidus /I 0 cml pour une vltesse d'accumulation de 
220 mg C. org/m /an qui peut toutetois encore ougmenter ( 440 mg/m2 /an). 
Par comparaison, en domeine abyssal il semble plutot que le taux d'accumulation de C.org soit croissant m:c le 
nombre d1 ndiVidus total de la meiofaune. Une pl w grande importance du metabolisme en domai ne profond contre 
una mineralisation Ires marquee en domeina bathyal due 8 des apports trophiques tres enarg/Jtiques per rapport 
aux apr,rts en domaine abyssal peut etre la cause. Les flux de C.oro sont multi plies par 1 0 dens le canyon ( 90 
mg/m /J) per rapport ou domeine abyssal atlantique (10 mg/ml/j) et leur qualite c'est-8-dire leur 
potantialite d"assimilation est egalement plus forte. Le sediment de surface contient 55 % de com~ 
nCobiogeniques (fraction humine) nOD assfmilablasdans las grande fonda (5) etseulement 30% dans.lechenal 
axial du canyon, sur la marge de Mediterranee occidentale. 
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Les canyons sous-marins sont, en. Mer Ligure, nombreux et 
typiques, surtout dans les marges alp1ne et cors~. A l'aide de 
la sismique reflexion on peut aisement distinguer entre: 
1) canyons d'erosion sous-marine. C'est ~o~ammen~ le cas .des 
deux vallees de Genes, creusees dans une ser1e pl1oquaterna1re 
horizon tale; 

Il s'agit de grabens ou 
normale a la cote, dont on a 
Marseille. Ils se ferment a 

de la tectonique distensive 

2) canyons d'origine tectonique. 
demi-grabens d'allure generalement 
plusieurs exemples entre Savone et 
la suite des phases principales 
mio-plio-quaternaire; 
3) canyons d'origine mixte. Ils sont engendres par l'activite 
d'une faille et ensuite creuses par erosion. 

Meme les canyons d'origine tectonique pure ont connu, 
pendant le Plio-Quaternaire, plusieurs episodes de comblement. 
Ils ont ete reactives grace a l'activite des failles, qui a 
permis aux agents de !'erosion sous-marine de recreuser en 
correspondance avec la depression structurale. Parmi ces agents, 
on reconnait: , 
- les courants de turbidite, actifs surtout pendant le Pliocene 
inferieur et au cours de phases de regression glacioeustatique 
du Quaternaire; . 
- les courants de densite se depla~ant sur le fond, act1fs a la 
suite de situations climatiques particulieres (actuellement en 
hiver). 

La repartition des sediments en Mer Ligure, a l'echelle 
geologique du temps, depend en grande partie de ces phenomenes, 
mais les canyons ont une fonction importante meme dans la 
dynamique actuelle, hydrologique et sedi~entai:e~ de ce Bassin. 

Des etudes recentes sur les suspens1ons m1nerales dans les 
eaux de surface et de profondeur dans les canyons de Genes ont 
montre qu'en hiver, des masses importantes d'eau, .char?~e de 
materiel, descendent lentemen~ de la surface J~squ a la 
profondeur de 500m le long de 1 axe de ces canyons. L axe de. la 
vallee est toujours en erosion grace a des courants tres act1fs 
qu'on a mis en evidence en etudiant les mouvements des sedime~ts 
qui s'y trouvent, tandis que la vallee ouest conna1t 
actuellement une phase de deposition. En ete, on observe une 
remontee d'eau riche en particules le long de la vallee est. 

L'elaboration d'images CZCS chez le CCR d'Ispra (Italie) 
sur 20 passages du satellite, montre des situations 
interessantes qui concernent meme les materiaux organiques. Les 
repartition et concentrations des materiaux en suspension dans 
les eaux de surface du Golfe de Genes, bien que determinees en 
grande partie par les activites de la ville, semblent 
influencees par des phenomenes d'upwelling pres de la tete des 
canyons. 

I ----.2 
-~3 

+-+ 4 

Fig. 1 - Morphologie du Golfe de Genes. - (1) Rebord; (2) Axes 
de canyons; (3) Depressions erosives; (4) Reliefs. 

References 

FANUCCI F., FIRPO M., PICCAZZO M., RAMELLA A. (sous presse) 
Natura e genesi dei canyons sottomarini del 
Mediterraneo Occidentali: casi del Mar Ligure. Atti 
VIII Congr. Naz. A.I.O.L. Pallanza, 1988 

PICCAZZO M., TUCCI S. (1983) Distribuzione e trasporto di 
materiale particellato sospeso nei canyons di Genova. 
Atti V Congr. Naz. A.I.O.L., Stresa 1982 

PIERCE J.W., TUCCI S., FIERRO G. (1981) - Assessin~ variations 
in suspensates Ligurians Sea (northwestern 
Mediterranean) Geomarine Letter, 1: 149-154 

STURM B. (1983) - Selected topics of coastal zone color scanner 
(CZCS) data evaluation. Remote sensing Applications in 
Marine Science and Technology, 137-167. Reided Ed. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 



X-Is 
Advection of resuspended material 

along the slope of the Thermaikos Margin 
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Hydrodynamical and sedimentological characteristics of the Thermaikos 
margin and of the Sporades basin have been described by BALOPOULOS 
et al. ( 1987) and LYKOUSIS et al. ( 1981). More recently, an extensive 
coverage of this area by hydrological and nephelometric casts provided 
an improved picture of the general circulation and of the distribution 
of the suspended matter (CHRONIS et al., 1987). 
The geostrophic flow calculated at the eastern limit of the Sporades 
basin indicates an anti-cyclonic flow above the no-motion depth and a 
cyclonic flow in the deep water (fig.1). This circulation is in 
agreement with the isopycnal and isothermal structures in the Sporades 
basin. The depth of reference has been determined using the inverse 
method based on the conservation of the fluxes (VERONIS, 1987). 
The dynamical method cannot be applied to the shallow water of the 
shelf. However, the nepheloid structures illustrate the combined effect 
of these two circulations on the transport of suspended matter in the 
transitional area of the continental slope. An axial section across 
the shallow basin (fig. 2) shows a detached shelf-BNL extending above the 
slope at depth of the shelf break and an INL between 400 and 500 meters 
(fig. 3 a). From the transect along slope (fig. 2), this INL is inter
preted as a consequence of the erosion of the slope (fig. 3 b), as con
firmed by the high turbidity spot between the two canyons. The absence 
of intensive BNL in the canyons indicates that erosion and subsequent 
advective transport compete with the predominant down-canyon transfer 
from the shelf observed on other continental margins (MONACO et al., 
1987). The horizontal processes are therefore believed to play a major 
role in the distribution of suspended matter on the Thermaikos margin 
and in the Sporades basin. 

23° 24. 

Figure 1 . Schematic flow pattern as deduced 
from the survey {spring, no significant wind 
conditions) : 
The white ar-rows represent the surface water 
flow on the shelf and geosuophic flow above 
the depth of no motion {ca. 4.00 m) in the 
Sporades basin. The black arrows represent 
the bottom water flow on the shelf and gee
strophic flow below the depth of no motion in 
the Sporades basin. 

23° 24. 

Figure 2 . Bathymetry and 
sections across the Thermaikos 
shelf and the Sporades basin 
{A-A'): along margin section 
{B-B'): longitudinal section 
(C) and (C'): canyons 

"' "' '0 
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Figure 3. Turbidity and density structures. (a): cross-section of the 
Thermaikos shelf and the Sporades basin. (b): section along the margin. 
Turbidity is expressed as FTU (Formazine Turbidity Unit). 
The vertical distribution of suspended matter follows the isopycnals 
surfaces and is subdivided roughly in four nepheloid layers : 
- The surface Nepheloid Layer has a predominant terrigeneous origin near

shore (SNL 1) and is more biogenic off-shore (SNL 2). 
- The Detached Nepheloid Layer (DNL) at shelf-break depth originates 

mainly from the Bottom Nephe1oid Layer (BNL) observed on the shelf. 
- By contrast, the Intermediate Nepheloid Layer ( INL) at depth between 

400-500 m is attributed to resuspension processes and transport by the 
general circulation along the slope as suggested by an absence of a BNL 
in the canyons C and C'. 
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INTRODUCTION 
The northwestern Aegean region of the Eastern Mediterranean Sea 

invites the attention of marine scientists because alterations are 
occurring in its waters, as a consequence of urban waste disposal and 
industrial effluent inputs. Of particular scientific interest are the 
alterations occurring in the marine environment from the outflows of 
large river systems (Axios River, Loudhias River, Aliakmon River, Pinios 
River), which discharge along the northern and western coastlines. The 
rivers supply large quantities of freshwater (total annual discharge of 
some 10.2x106 m3 of water) and associated fine-grained terrigeneous 
material (of the order of 3-4x106 tonnes/year), influencing greatly 
the ecosystem and in particular the hydrodynamical and sedimentological 
conditions in the area (Balopoulos et al., 1987; Chronis et al .. 1987; 
Chronis et al.. 1988). 

In the framework of the EURECOMARGE Project, the northwestern Aegean 
Sea (Thennaikos Plateau and Sporadhes Basin) was surveyed by the R/V 
AEGAIO during the ECOAEGAIO-I-87 Cruise (1-6 June 1987). 

METHODS 
Hydrographic casts were made at 85 stations using a Neel Brown CTD 

profiler, coupled with a transmissometer (for the measurement of the 
concentr<~.tion of the suspended material. expressed in units of turbidity 
Fonnazine FTUJ. In addition, two current meter moorings, consisting of 
three self-recording current meters (Aanderaa RCM5) each, were 
maintained on the shelf break (water depth 200-210m), during the same 
time period, to study near-surface, mid-depth and near-bed currents. 

RESULTS 
Surface waters were generally characterized by higher temperatures 

and lower salinities, than the underlying waters. This lowered the water 
density of the upper layers and resulted in strong stratification. In 
Thennaikos Gulf surface temperatures and salinities ranged between 
19.0-20.0 •c and 36.0-37.7%o, respectively. The thermocline and 
halocline extended down to around 30m. Below this depth temperature 
decreased gradually with increasing depth and salinity increased only 
slightly. In Sporadhes Basin surface temperatures and salinities varied 
between 17.0-19.0 °C and 36.0-38.5%... respectively. Here, the 
stratification extended down to a depth of around 50m, below which was 
present an almost homogeneous water mass of low temperature 12.5-13.5 °C 
and hihg salinity 38. 7-38.8% •. 

To the north, surface waters of low salinity (34.0-36.5%o), high 
temperature ( 20. 0-21. 0 °C) and high turbidity ( 1400-2000 mFTU) • related 
to the discharges of the Rivers Axios and Aliakmon. were flowing towards 
the Aegean Sea along the western coastline (Fig. 1). The outflow from 
the Pinios River was present as a tongue of surface water of low 
salinity (35.8-37 .0~) and high turbiditY (1400-2400 · mFTU). extending 
towards the northeast. Further south (Station 1) water flow was towards 
the southwest at speeds of less than 13 cm/s (Table ll Relatively 
data records collected in the west (Stations A and Bl were all 
unimodally distributed, showing high concentrations northwards. 

Fig. 1. Surmnary of near-surface residuals in North Aegean Sea. [Arrows 
indicate direction. Lengths are proportional to the magnitude of the 
vector means. Each set of the three values represent: residual flow in 
cm/s; the steadiness fa.ctor "B", as a percentage (Balopoulos et al., 
1986b); and, the length of the record in days (in that order)]. 

In the west (Station A). residual currents (Table 1) exhibited quite 
important speeds (22.6 cm/s at the near-surface layers. 13.8 cm/s at 
mid-depth and 11.2 in the near-bed layer). Here. residual flow was, in 
all cases, northwards (e.g., see Fig, 1). At the adjacent Station B, 
the residual current was in the same direction but much lower in 
magnitude (6.11 cm/s at the near surface layers, 3.8 cm/s at mid-depth 
and 1. 8 cm/s in the near-bed layer). In the east (Stations C and D), the 
magnitude of the residual current, in the near-bed layer, was around 8. 5 
cm/s. The residual flow was towards the southwest at Station .C and 
towards the northwes.t at Station D. At the latter station the residual 
flow at the near-surface and mid-depth layers was towards the southwest 
at around· 19.6 cm/s and 7.1 cm/s, respectively. 
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INTRODUCTION 
Several physical oceanographic studies have been carried out within 

the last fifteen years to study hydrological conditions and water 
circulation patterns over the continental shelf of Thermaikos Gulf. :in 
the Northwestern Aegean Sea (Ba!opou!os and James, 1984; Balopoulos et 
a!., 1986a; Balopou!os et a!.. 1986b; Balopoulos et al., 1987). The 
investigations were recently extended (in the framework of the 
EURECOMARGE Project) over the Sporadhes Basin. However, the study of 
circulation patterns in the North Aegean Sea and particularly in the 
straits connecting the northern sea area (Sporadhes and Athos Basins) 
with the southern region (Chios Basin) requires further investigation. 
In this contribution, water flow characteristics from long-term current 
measurements between the Islands Psathoura and Limnos are presented and 
the variability in direction and speed of the measured residual currents 

investigated. 

METHODS 
Four current meter moorings were maintained in the above mentioned 

area (Fig. 1) from February 28 to March 22, 1988. Self-recording current 
meters (Aanderaa RCM5) were used in all cases: these were deployed using 
a vertical mooring array with subsurface buoyancy. 

RESULTS 
Mean current speeds at the various stations decreased with 

increasing depth. They ranged from 21.6-23.4 cm/s in the near-surface 
layer, 11.1-14.8 cm/s at mid-depth and 7.1-11.8 cm/s in the near-bed 

TABLE 1. SUMMARY OF MEASURED RESIDUAL CURRENTS IN TiiE NORTII 

Stn 
Ref z 

AEGEAN SEA AND THEIR VARIABILITY IN DIRECTION ~ND SPEED 
(USING DOODSON'S Xo FILTER). 

Scalar 
Mean 

(em/e) 

Vector 
Mean 

Ampl. Dir. 
(cm/s} (o) 

Residual Current 
Ste;,;diness Length 

F.!!lctor a<v> o<u> of 
"B" Record Data 
(%) {days) Cycles 

-----------------------------------------------------------------
A 365 23.59 22.58 340 96 1.56 1.50 22 3311 

165 14.35 13.82 004 96 1.00 0.83 22 3311 
043 11.59 11.21 017 97 1.17 0. ?6 22 3311 

B 345 17.86 6.11 312 34 3.33 2.13 22 3297 
180 8.95 3.81 317 43 1. 70 1.08 22 3297 
030 4.75 1. 76 033 37 0.87 0.66 22 3297 

c 030 10.72 8_45 226 

D 203 21.29 19.58 239 92 1.87 1.68 22 3263 
108 10.91 7.09 268 65 1.59 1.56 22 3263 
033 9.66 8.49 352 88 1.00 0.97 22 3263 

KEY: z is the elevation above 5ea-bed. in metre~ 
o<v> is the standard error of N-S component ot residual flow 
o<u> is the standard error of E-W component of residual flow 

layer. Maximum current speeds were 1n all cases seen in the upper 
layers. They ranged from 42.1 cm/s (Station B) to 50.2 cm/s (Station DJ. 
The numerical estimates for the standard deviation suggest that the 
current meter data recorded in the upper layers, were, at all stations, 
the most widely dispersed. The direction frequency distributions for the 

Fig. 1. Distribution or suspended 
material (mFTU) in th4:1 surface layer 
( < 5m) of the northwestern Aegean Sea. 

TABLE 1. CURRENT STATISTICS IN 
THE NORTHWESTERN AEGEAN SEA 

Stn. z P Mean a Max. Min. 

CM1 195 V 4.3 2.4 10.5 0.1 
u -4. 1 2 . 3 -0 . 1 -9 . 9 
v -1.0 1.1 3.1 -3.9 

CM1 120 V 2.5 3.1 9.9 0.1 
u -1.5 2.6 2.3 -8.9 
v -1.0 2.3 3.5 -7.5 

CM1 007 V 4. 0 4. 5 13. 3 0. 1 
u -2 . 3 2. 8 0. 1 -9. 2 
v -3.2 3.6 0.2 -10.9 

CM2 187 V 16.5 6.7 32.6 2.3 
u -'-2.2 6.1 12.6 -18.9 
v 14.6 7.9 32.6 -8.2 

CM2 120 V 6. 2 3. 8 13.8 0. 1 
3. 7 3.9 12.9 -3.8 
3.7 3.3 11.6 -2.6 

CM2 007 V 2. 0 2. 5 8. 3 0. 1 
0 . 8 2 . 2 7 . 9 -5 . 1 

·V -0. 7 2. 1 5. 4 -6. 6 

z is the elevation above the 
sea-bed in metres. 

P is the parameter. 
a is the standard deviation. 
V is the current speed 
u is the E-W current component 
v is the N-S current component 

higher current speeds (up to 33 cm/s) were measured at Station 2. Here, 
there was indication of a three-layered water circulation. That is, in 
the near-surface layer the steady water flow was towards the northwest. 
at mid-depth the residual current was towards the northeast. whilst in 
the near-bed layer dominated water flows towards the southeast. Anaiysis 
of the data further revealed, that oscillating flows with periods near 
the inertial frequency band seem to be a quite important feature of the 
mid-depth and deep water motion, in the area. 
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sur la base de releves sismiques, morpllologiques, mesures in situ ( nephelometrie, 
courantometrie, hydrologie) et de methodes specifiques 8 !'etude des sediments, ulle rewnstitution des 

mecanismes hydroso\dimentaires actuels et des mecanismes mmentsires r8tents (derniere transgression 

Holocene) est effectuee. 

Dans le systeme deltaique (fig. 1) de Ia plateforme de Theri!Nii tos on retonll81t actuellement : 

- le doi!Niille de stockage sur Je plateau interlle avec constitution d'un prisme sedimentaire 

epicontinental (PSE) et progndation furteau niveaudes embouchures de trois principaux emissaires (r. 

Axio:~, r.Aliekom, r. Pinio:~).leteux de Xdimentetionverie de 2,5 mil 0,05 m per millell8irecn ollont 

de Ia rote Ouest vers Ia ciite Est de ce compartlment. les phenomenes cycloniques, (BAlOPOULOS et al., 

1988), li~ aux conditions meteorologiques et Jes phenomenes de tloculation conduisent i I ·envasement 

pricoce. La perte de charge de Ia couche nepheloide superficielle est de l'ordre de 50 % it 5 milles de 

!'embouchure d'llxios. Cette observetion est comperoble il celle du RhOne. Le geometrie du BNL prend une 

forme prismatique (CHRONIS G. et 81., 1988) comparable au prisme m mentaire holocene. 

- le plateau externe, limite entre les i:10bathes de 50 et 200 m, est caracterise par 
I 'aminci-ment du PSE. Vers le bord du plateau apparai-nt les sables reliques 'w'Urmiens ( LYKOUSSIS et 

el., 1987).le teux de sedimentation holocene verie entre 1,5-2,0 m per milleneire. L'evolution du BNL 

subit une diminution vers le large et vers l'fst. Dans Ia zone de transition cette couche tend il se dlitocher 
du fond indiquent !'influence d'un transport advectif. 

<: 
0 
;::: 
'<( 

<.!J_, ,._ ;;:<: 
V) ~0;) ...., 

~ V) 
<o ~~ '-' 

lo.Jco 

~"" 
<: 
~ 
Q.. 

BIBLIO&Ra\PHI E 

BAlOPOULOS E. TH_, CHRONIS G .• HYFFELER f., PAPAGEORGIOU E. and GODET C-H 
( 1988). Hydrological conditions and material transfert mechanisms in the N.W. Aegean Sea (Tilermall:o$ 

Plateau and Sporedes basin) :Reo. Com. Int. mer M!d_, 31, 2. 

CHRONIS G., BALOPOUlOS E.,lYKOUSSIS Y., PAPAGEORGIOU E. ( 1988). "Les mecanbmes d'alimentation 

du Plateau de Thermaikoa (N.O. Her E'lie) par lea couches niplliloide:l". 4th Congress of the 

Geological Society of Greece. Hey 25-27 1988, Athens. 

LYKOUSSIS Y., CHRONIS G., S10ULAS A., BARBETSEA H., STAYRAKAKIS S, ( 1987). "The lillocene *iment 

aequence end dispersion in the Thermaikoa Plateau, N.W. Aegean Sea, Greece·. Boll. di llcMQAI. 
Teor. ed Appl., V, 2. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 



X-19 
Project EURECOMARGE 

Eutrophication and phytoplankton ecology 
In the Thermalkos Gulf 

0. GOTSIS-SKRET AS and N. FRIUGOS 

National Centre for Marine Research, 16604 Hellinikon (Greece) 

SUMMARY 

The abundance and taxonomic diversities of phytoplankton has been 

studied in relation to sewage and rivers pollution in the Thermaikos 

Gulf, Greece. Surface water samples were collected from a series of 

stations in December 1984 and in May and September 1985. vlater samples 

from the vicinity of sewer outfalls and rivers showed very high concen

trations of nutrients, a greater abundance of phytoplankton, and a 

25" 

GULF 

y ___ .., ·--14-

Fig 1. Location of the stations in the Thermaikos Gulf. 

lower taxonomic diversity than samples remote from sewage outfalls and 

rivers. Thus, increase in abundance is highly correlated with po~ 3 and 

No; concentrations and the decrease of salinity is highly correlated 

with the same parameter. A considerable variation in the occurrence of 

species and dominance occurred along the pollution gradient. Diatoms 

dominated in all the area and in the three seasons. Nitzschia closte

r'ium, Cerataulina bergonii, Leptocylindrus minimus, Chaetoceros socia

lis and Thalassiosira sp. were the most dominant species. Thus, the na

tural coastal phytoplankton community appears disturbed by the increa

sed level of nutrients from sewage effluents and rivers. 
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The first big inpact of land derived materials, both fran natural processes and 
human activity occurs in the continental shelf. This environment normally receives a 
continuous supply of suspended solids and associated pollutants whose fate and 
influence on the marine ecosystem are very difficult to assess. In this context, an 
interdisciplinary approach to the environmental research becanes necessary, and the 
EUROEXXMZ\RGE stimulation program has been a notable attempt to focus the experiences 
of different scientists (geologists, oceanographers, chemists and biologists) to 
study selected environments of the Mediterranean margins, in preparation of a bigger 
effort in marine ecosystem studies supported by the EEX:. 

Our Institute took part to this stimulation program, because of its interest 
in geological, sedimentological and environmental marine researches. Our general 
aim is to study the sedimentary processes in terms of events, mechanisms and 
reactions which involve particulate materials. Even if some researches were 
performed in other areas to test methods and ccmpare results, the main interdi
sciplinary effort was devoted to the Adriatic Sea. 

Obviously the processes ~ study in the water column and in the sediment occur 
on different time scales ranging fran present back to several thousand years. 

In order to obtain quantitative basic information it is necessary to go through 
the following steps: 1) identify different sources of inputs (rivers, runoff, 
atmosphere l; 2) follow sorting and dynamics of suspended solids in the marine 
environment and localize the sites of accumulation of fine materials; 3) estimate 
the nature and rate of solid-solution interactions in the water column; 4) estimate 
deposition fluxes to the bottan and influence of resuspension and mixing processes; 
5) estimate benthic exchanges of ionic species at the sediment-water interface and 
their prevailing directions. Important sedimentological information can be obtained 
fran the upper portion of the sedimentary column: ll areal distribution of sediment 
characteristics; 2 l downward distribution of geochemical and sedimentological 
parameters; 3) preservation or loss of distinct sedimentary structure. 

High resolution seismic and side scan sonar data contribute to the 
reconstruction of specific sedimentary environments pointing out the sedimentary 
processes active during sediment deposition and layer formation. This is of great 
importance for a better understanding of the sedimentary dynamic processes both at 
large and fine scale. These ·techniques provide a framework for the environmental 
researches and can also be used to collect detailed information in order to position 
sampling stations and to locate the best zones for in situ experiments. 

In this field the main research interest was focused on the last-glacial 
sealevel fluctuation in the shelf of the Eastern Tyrrhenian. Erosional and 
depositional features suggest sealevel drop during the last-glacial maximum to the 
present--day -110/-120 m bathymetry /1-2/. In these conditions the deeper parts of 
the shelf remained entirely submerged during the glacial hemicycle. These outer
shelf areas provide the excellent opportunity of studying the erosional and 
depositional features that originated during the sealevel lowstand, since no younger 
sediment supply reached the area during and after the ensuing sealevel rise. 

The interaction bet~n sediment supply and shelf-depth currents along the 
shelf was also pointed out /3 I. Evidences of currents capable to winnow the 
sediments, at depths of as much as -110 m during highstand conditions, came fran 
direct core sampling on top of morphologic reliefs /4/. A ccmparison bet~en the 
Tyrrhenian and the Adriatic shelf is at this point expected to be constructive, for 
the two data-bases have inproved greatly during the last few years and sane interdi
sciplinary work is in progress. 

Geological and sedimentological studies of the Adriatic shelf ~re described by 
many authors I 5-6 I . However, for a long time, these studies have been limited by the 
lack of information about recent sedimentation rates. 

Radiochemical measurements of Cs-137 (fran fallout) and Pb-210 are used to 
evaluate rates of sediment accumulation on the Adriatic Sea shelf. The activity-

~t~~2o~~Is /7~r~:!rde th: P~= :ft'::en~e ~~~'::i,~iiosnign:~t~Cs~i3~and o~~~3~; 
/8/ and the radionuclide inventories show that the radiocesium supply fran the 
drainage basins of major rivers significantly overcanes the input fran direct 
fallout all over the shelf. On the contrary, fallout of Pb-210 seems to be more 
significant with increasing distance fran the river mouths. 

The radionuclide distributions in the sedimentary column can be due to sediment 
accumulation and mixing and the ratio of mixing to accumulation is important to 
understand the stratigraphic record. The incidence of mixing phenanena (bioturba
tion, resuspensionl on the profile is now being evaluated to obtain the net 
accumulation rates. Moreover some assumptions in the application of the model 
calculations have to be verified. 

Researches on sediment pollution for heavy metals, chlorinated hydrocarbons and 
nutrients ~re carried out on the continental shelves of the Italian seas, particu
larly in.the NW Adriatic. Sane of them ~re mainly concerned with areal distribution 
of pollutants /9/, sane related sediment features with suspended particle fluxes and 
ccmposition /10/. The results for the Northern Adriatic Sea have been revi~d by 
Frascari et al. Ill/. 

Much effort was afterwards devoted to benthic flux measurements /12-13/ and 
interstitial water analyses of nutrients and related ionic species /12-14/. These 
data were interpreted in order to estimate exchange reaction rates bet~n water 
and sediment and assess the factors controlling sediment contribution to the mass 
balance of these substances. These measurements are still in progress with .technolo
gical irrprovements. 

In order to irrprove our knowledge about the processes occurring in the marine 
ecosystems and their influence on the environmental quality, ~ are prepared to 
insert our experience in the broad multidisciplinary perspective now available. 

Ill Mar ani M., Taviani M., Trincardi F., Argnani A., Borsetti A.M. & Zite11ini N. -
M=rn. Soc. Geol. It., Rana, in press. 

/2/ Trincardi F. & the Cruise VP-87 Shipboard Scientific Staff - Giorn. Geol., Bo
logna, in press. 
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(Perpignan, 23-26 June 1987), Ed. CIESM, p. 30. _ 
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(Balearic Is., NW Mediterranean Sea) 
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••• lnstitut de Ciencies del Mar, CSIC, Barcelona (Spain} 
•••• Oepartament de Geologia Marina, IGME, Madrid (Spain} 

The Balearic Islands contmental shelf, mamly comprised in tne pnotic zone, 1s a 
preferential s1te study area for the mterelatJOnShlPS between benthiC 
carbonate-producmg commumt1es and carbonate sedimentation. In this sense, Pollensa 
Bay, a roughly rectangular, well-protected bay, m the NE part of the Mallorca Island, 
covermg an approximate area of 600 Ha, meets special requirements concermng the 
o;tabllshment of those mterelatJOnships The outer limit of the Bay IS marked by the 
Isobath of so m 

From shallower to deeper waters, the carbonate-producmg benthiC commun1t1es 
-m parentheses, production range and mean ponderated annual production m gr 
CaC03/m2/year- m Pollensa Bay are 1) Photophylic algae of hard substrate 
(40-350, 200); 2) Cau!eroa orolifera wlth the seagrass Cymodocea nodosa (<5, 5); 
J) posidonia oceanica <around 100,1 OOl; 4) Sand communlttes wlth Spatangus 
(<5, 5); 5) Sand communities with concrettons and Vldal1a yolubiHs (50-130, 
90) and 6> Corall1genous (100-150, 125). After mtegrat10n of the areas covered by 
eacn commumty, a total annual carbonate production of 4000 metric tones results, the 
60% to 70% commg from the p oceamca community. 

ObviOusly, the carbonate productiOn m the Pollensa Bay is used to form several 
types of surf1c1al b1ogemc sediments which, by means of a multiVariate statiStical 
analysis, have been classified as following : a) Bioclastic gravels and sands 
(BGS), in the mner and med1um bay, to 25-27 m deep; b) Pelecypoda-domlnated 
muddy sands (PMS), in the central outer part of the bay and off of its mouth; c) 
Pelecypoda and echinoid-dominated muddy sands CPEMS), covermg a small area 
at the north of the bay, near its mouth; and d) Algal sands CAS), locally algal 
crusts CAC>, from the outer limit of the bay towards the open shelf. With few 
exceptiOns, terrigenous sands and gravels CTSG), dommated by mudstone debrJs, 
are present only in some coastal areas. Transtttonal sediments (like the coastal 
frmge gradmg from TSG to BGS, and the m1xed transitional muddy sands CTMS) 
whiCh mark the passage from BGS and PMS to the outer bay AS and ACl and sediment 
patches of different s1zes are also a very common feature. 

Difficulties tostablish the direct relationships between benthiC commumt1es and 
sediment types arise from two mam facts : a) the natural variability of the living 
commun1t1es (both m t1me and space), and b) from physical and b1olog1cal processes 
breakmg and transportmg the particles. Also mCJplent solut10n and diagenetic changes 
durmg first bur1al stages may add difficulties to the problem However, m the 
Pollensa Bay some correspondenc1es seem to ex1st between the benthic commumt1es 
ana tne sediment types. For example, the inner-medium bay BGS recovers well the area 
occu~d by the community of P. oceanica. Also, the fact that the coralligenous 
community patches are surrounded by algal sands and crusts suggests a genetical 
relationship. The low productive passage zone (sand communities with ~J 
from the highly productive P. oceanjca community to the deeper and also highly 
productive coralligenous community seems to be marked by more muddy sediment 
types <MSP, TMSJ; patches of algal sands and crusts in these muddy sediments would 
be related with the high productive sand communitles with concretions and }L 
~. Also, by the area they occu~and by their composition, the pelecypoda and 
echinoid-dominated sediments (PEMSJ suggest a genetic relation with the sand 
communities with~· 

Although precautions must be taken when considering raw data and final gross 
values, carbonate losses or gains at a given point can be showed by comparison 
between theoretical sedimentation rate CSU resulting from carbonate 
production <P> and ·accumulated time-averaged carbonate production" <Pt> 
obtained from known 14C derived mean sedimentation rates (S). 

As an example, for a core taken at 87 m deep, off the Pollensa Bay, aPt of 175 to 
238 gr/m2/year has been obtained. In this case, the mean Pt, 206 grtm2/year, is 1.6 
times greater than the coralligenous community mean ponderated production and, at 
least, 41 times greater than the sand communities with~ mean ponderated 
production. Such a Pt cannot be explained only as local derived and a supplementary 
input from sorroundig areas is required, even considering time variations in p related 
to the last eustatic rise and its associated modifications in the emplacement of the 
high productive benthic communities. Finally, we want to point out that figures such 
as those just mentioned must be considered more as magnitude indicators than as 
absolute values. 

Also other strong supporting evidencies of carbonate particle transfer..-s from the 
shallow productive zones to greater depths are : erosive channels, undercuting of 
slopes, slide scars and tilted blocks in the P. oceanica prairies; presence of 
allochtonous particles from shallower depths in almost all the sediment types; 
spillover deposits in sediment cores; thick prograding sedimentary sequences in the 
upper continental slope; filling of old shelf seavalleys going from the Pollensa and 
Alcudia Bays towards the shelfbreak; large aM intermediate transport bedforms as 
sand waves Jn the Menorca Channel. 

We can conclude that the Pollensa Bay, probably like other bays and shallow areas 
in the Balearic Islands shelf, is a true factory of carbonate sediments which are 
partly spitted to the open shelf and deeper areas. In such a factory, one single 
"specialised worker", the P oceanica community, is responsible for more than 60% of 
the total annual production of carbonates. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 
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La marge continentale Sud-Gascogne {Atlantique N.E.) 
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Au titre du Programme. tCOMARGE ies flux de matiere et crenergie au systeme 
oceam•::·;: profond sont etudies de maniere complementaire sur deux fa<;ades oceaniques: 

- Ia marge mediterraneenne, systeme a regime microtidal et a transfert rapide des 
matieres d'origine continentale vers le bassin profond. 

- Ia marge Sud-Gascogne (Atlantique N.E.), systeme a regime macrotidal et a temps de 
residence eleve des partic1Jles sur le plateau. 

La presente communication est consacree (fig. 1) a Ia partie interne de Ia plateforme 
Sud-Gascogne, marge tres etendue (160 km au maximum) presentant une morphologie 
uniforme. La couverture sedimentaire ~st principalement constituee de sables fins et de 
graviers mis en place durant les regresSions quaternaires et profondement remanies jusqu'a 
l'Actuel. Au large de !'embouchure de Ia Gironde, entre 30 et 65 m de profondeur, des 
sediments fins ~·vasiere Ouest-Gironde") sont plaques sur le substrat sablo-graveleux. Sur 
cette marge, Ia maree (type semi-diurne; amplitude moyenne 2,3 m) controle Ia quantite, Ia 
qualite et le devenir des flux issus des sources continentales. La principale source , l'estuaire 
de Ia Gironde, fournit 70% des apports. Selon les annees, les flux varient de 0,5 a 
1,5.106 T/an pour les matieres so!ides (M.E.S.) et de 2 a 5.106 T/an pour les matieres 
dissoutes. Les flux de carbone organique particulaire {COP) representant en moyenne 
1,4.104 T/an et ceux de carbone dissous 13,5.104 T/an (4). 

Caracteristiques des estuaires macrotidaux, les expulsions(2) ne se produisent que 
quelques dizaines de jours par an (15 a 50) lorsque se trouvent reunies les conditions 
suivantes: marees basses de vives-eaux, localisation du bouchon vaseux a l'aval de l'estuaire, 
crues des fleuves. Sur le plateau, Ia configuration du panache turbide depend de Ia maree, de 
Ia houle et des conditions meteorologiques. La figure 2 montre !'expulsion en surface des eaux 
estuariennes chargees en particules et !'alimentation de !a vasiere par le fond. Au large, les 
masses d'eau a caractere typiquement oceanique (salinite, T) creent une barriere hydrologique 
(fig. 3) controlant directement Ia georn~trie du panache turbide et !a sedimentation. La 
distribution du COP et du 13c assode (3J montre que, en relation avec les caracteristiques 
hydrologiques (!), les masses d'eau dessalees s'etendent vers le Nord et !'Ouest jusqu'a 
l'isobathe lfO m puis soot rabattues vers le Sud alimentant une sedimentation sur Ia "mud
line'', dans les vasieres littorales et Ia vasiere "Ouest-Gironde". Unimportant developpement 

~~{i~f~~~~:!'t~:r~~ d"e~~~~a~~~~ ~~t~~:: t~~~:~~~~~b! ~·~:~~~~'M~ Ia Gironde; il 

La vasiere W-Gironde, qui constitue le principal receptacle des flux particulaires 
estuarien;; rresente, sur les 20 premiers centimetres, une zonation dynamique qui est mise en 
evidence(5 par l'agencement des sequences lithologiques, l'activite biologique, les datations 
isotopiques (210pb,7Be, 137cs) et polliniques • 

Dans Ia zone interne de Ia vasiere, entre 25 et 110 m de profondeur, des depets residuels 
fossiles constitues de vases argileuses mises en place, il y a environ 3 000 ans dans un 
environnement COtier, SOOt Soumis a !'erosion : seuls les sediments sableux amenes par Jes 
tempetes persistent. Dans secteur !a sedimentation fine actuelle est uniquement 
saisonniere et fugace. 

Fig (1) (2) (3) 
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Dans Ia zone mediane et exteme de Ia vasiere (entre 40 et 70 m de profondeur) Ia 
. preuve ·Ctune sedimentation actuelle, principalement issue de Ia Gironde, a pu ~tre 

etablie. Les vingt premiers centimetres de sediments ont moins de 30 ans, le ler em 
etant contemporain (presence de 7Be). Dans ce secteur ou Ia sedimentation est plus 
intense que !'erosion, Ia structure des depOts temoigne d'une succession de phases 
dynamiques et de periodes calmes pendant lesquelles l'activite biologique peut se 
manifester d'une fa<;on importante. 

Les resultats montrent done Ia complexite de Ia sedimentation et des transits 
sedimentaires sur une marge de regime macrotidal. Si les flux d'origine continentale. sont 
principalement contrO!es par Ia maree, les processus sedimentaires et les transits sur Ia 
marge paraissent en revanche directement soumis a Ia limite d'action efficace de Ia houle et 
de l'hydrologie generale sur le plateau, en particulier de Ia position du front oceanique. 

REFERENCES 

(I) Barthe X. et Castaing P. (1987) 
Col!. Int. Oceano!., Perpignan CIESM, p. 20. 

(2) Jouanneau J.M., Latouche c. U982) 
Hydrobiologia., 91, 23-29. 

(3) Jouanneau J.M., Berger P., Boutier B., Ewald M., Fontugne M., Herald M. {1985) 
Revue des travaux de I'I.S.T .P.M., 47 (l et 2) p • .5-24. 

(4) Jouanneau J.M., Latouche C., Etcheber H. 0986) 
Les flux de Zn, Pb, Cu et du Carbone oranique exportes par Ia Gironde. 
P.V. Reun. Cons. Int. Explor. Mer, Copenhague, 186, p. 289-300. 
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X-III 
Les Meduses de Ia Mediterranee orientale 

Jacqueline GOY*, Sami LAKKIS** et Raimonde ZEIDANE** 

• MNHN, 43 rue Cuvier, 75231 Paris Cedex 05 (France) 
··Centre de Recherches Marines, CNRS, Faculte des Sciences, U.L., B.P. 123, Jounieh (Liban) 

Samples from the coasts of liban contain 50 species of Medusae. 
Actually, 64 species are known from the eastern Mediterranean Basin, 10 
with indo-pacific repartition (thick written in the list l 

Depuis longtemps, on cons tate un desequil ibre dans la connaissance 
faunistique des deux bassins de la Mediterranee. La localisation des 
missions oceanographiques et la position des laboratoires de recherches 
expliquent l'abondance des observations dans la partie occidentale. Aussi, 
toutes les donnees, meme ponctuelles, sur la partie orientale deviennent 
tres precieuses car elles comblent une lacune et sont susceptibles 
d'orienter des travaux dans ce secteur. 

L'exemple est fourni par !'etude des meduses. Cinq publications, en vingt 
ans, apportent enfin quelques precisions sur le peuplement du bassin 
oriental. Dowidar et El Maghraby ( 1970, 1983) citent 17 especes au large 
d'Alexandrie; Lakkis et Zeidane (1971, 1985) en citent 23 au nord de 
Beyrouth et Schmidt C 1973) 15 dans une zone s·etendant a rest du 25· E. 
Dans les echantillons peches en un an sur les cotes du Liban, 50 especes 
ant ete repertoriees dont 23 nouvelles dans ce secteur. Ces analyses font 
ressortir la richesse du Bassin Oriental avec 64 especes connues. 
L'ensemble de ces travaux s'accorde sur les 2 periodes d'abondance: 
avr1l-mai et fin septembre, et fait ressortir le caractere tempere et chaud 
de la majorite des especes dont certaines ont une affinite avec la faune 
de l'Ocean lndien C en gras dans la liste l. 

Llste des ~soeces 
Otpvrena (lfi/JICJ9.JJSter 
Sars1a e:omtJ 

[UfJ~V53 }Ui.!J[t' 

EtJphysora bigelow/ 
Plotocmde !HJre:!Js 

(}'t.JeJs rnr:J~t_vla 
Paracytae/s octona 
Oceama armat!! 
TurntopSJ5 nvrncul.:.""~ 

PodtYcoryne cam::>!l 
Podocoryne mlf"'Uta 
Bour;amvtll!ar3m(l~~ 

BoUgainvl/1/a platygaster 
T!Jamno:h.WJ!l 5:' 
4mpmnem.J dmem!J 
Halitiara rormosa 

PJndea come a 
Kant/ella enlgmatica 
Laodicea fljiana 
LaodJcea undui2U\v (1a>fi.Jt.:.1 

Pseudoc!vtt.J Jlf.'l/3!3 

Clrrholovenia tetranema 
£ucl!eJIN.!Jf'.Jr.}<.1t''·~'Y.J 

Eucnt?J/ota vemne..:J.Jr'S 
L£.JVMella orr2~.1 

Aeql/orea conica 
ttoerfs/a carine 
6Cissea corynetes 
Poe/Jell a oltgMt>m3 
PrO{IOSCit13C!VI.J N"f!Jta 

6eryoma f)rt1MSCJdaiJ5 

UnotJe terr:p/l_vi.IJ 

C(J!itn3 ('C!M3F!J 

CvmnasD 
Sr.'lm!SS!/5 .JI!:>fstf'15 
Nauslt/J{Ie punct.!lt:.7 

Casstopea andromeda 

Dopw1aar ScMnat Lakkls et .:JI :..1Dan 

IS 48 
cont2! 
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X-II2 
Vingt ans d'observations sur le plancton des eaux Libanaises 

comparaison avec le pla.lcton de Ia mer Rouge 

Sami LAKKIS 

Centre de Recherches Marines. CNRS, Faculte des Sciences, 
Universite Libanaise, B.P. 123, Jounieh (liban) 

Lcs donnCes su1 lc plancton du scctcur libunais sont relativcmcnt 
rCccntcs.l\vant. 1~68/cllcs Ctaicnt presque incxistantes(Lakkis/1971). 
Depu.i.s ccttc date des prclevements quasi mensuels sont effectucs ilU 

moyen de filets rlanctoniques standards de differcntcs mailles (50/ 
200 I 300 ct 500 microns} en plusieurs stations c6ti€:res et au lurge de 
la c6t8 libanaisc ayant pour but d I etudier la CQffipOSition Ct lcs cy
cles unnuels ain~i que les variations d' abondance saisonniercs des 
differents groupcs du Phytoplancton et du Zooplancton.Les rcsultats 
ont cte rapportcs par etapes suivant l 'avancement des recherches (Lak
kis,1973,1976,19c0,1983,1984;Lakkis et Novel-Lakkis,1981,1985) .Dans 
cette note, nous presentons une synthese de la composition et de la 
repartition du plancton libanais avec une comparaison generale avec 
le plancton de la mer Rouge, fondee sur les especes indo-pacifiques 
et erythreennes migratrices formant des tHements importants du plane
ton levan tin. 

Le secteur libanais est caracterise par un plateau continental etroit 
une eau a salini te elevee (moyenne S=39' 20%u ) et une temperature variant 
en surfa,ce entre 16°(: en fevrier et 30°C en aout. La circulation gene
rale comprend un courant de surface sud-nord paralH,le a la cote, du
quel se detachent des courants cycloniques locaux, suivant la configu
ration topographique de celle-ci. Le plancton des eaux libanaises est 
de type mediterraneen tempere avec une certaine affinite subtropica-
le due aux conditions hydrologiques locales, notamment T°C, S%" ainsi 
qu 'aux apports d' especes indo-pacifiques et erythreennes devenues au 
cours des annees des formes endemiques du Bassin levant in. En effet, 
l' influence du canal de Suez sur la faune et la flore planctoniques 
est preponderante, car 1' emigration vers la Mediterranee orientale est 
quasi continue. Par ail leurs, la nigularisation des eaux du Nil de puis 
1965 par le Haut Barrage d 'Assouan semble avoir des repercussions sur 
l' ecologie enti8re du Bassin levan tin 

Au tableau I ,nous pr8.sentons les donnees relatives a la composition 
et a l' abondance saisonniere des differents groupes planctoniques ainsi 
que le nombre d' especes presentes en comparaison avec le plancton de 
la mer Rouge et du canal de Suez. Les especes indo-pacifiques et ery
thn?ennes presentes dans les eaux libanaises suscitent un interet 
ecologique particulier • On distingue les especes qui· ferment des po
pulations,surtout entre aout et novembre;citons parmi elles Hyas co
arctatus,C:eratium egyptiacum,Rhabdonella valdestriata,Tintinnopsis spp., 
Labidocera pavo, Corycaeus minirnus indicus, Tetrorchis erythrogaster 1 

Leucifer hanseni, Albunea carabus ,Cassiopea polypoides. Un autre groupe 
d' espikes indo-pacifiques est forme d' especes presentes dans nos eaux 
levantines en petit nombre, mais d'une fa<;;on reguliere et toujours 
durant la meme periode aout-novembre. Parmi celles-ci, signalons ~
plectella perpusilla, Protorhabdonella simplex ,Labidocera pectinata 
~~ Labidocera madurae, Ca lanopia elliptica ,C. media ,Acartia fossae, 
Palaemonidae spp. ,Processa spp. ,Stenopus hisp~s especes phyto
planctoniques d' origine eryhreenne presentes dans les eaux levan tines 
montrcnt leur pou!:;sCc saisonni8rc en aoUt contrairement aux espCces 
mCditcrranCcnncs dont lc pic printannicr en avril-mai est rCguicr. 
Los tintinnides et ~es cspcccs zooplanctoniques d 'origine crythreenne 
et indo-pacifique or:t toujours leur pic saisonnier entre octobre et 
novcmbrc lorsque J.c0 conditions hydrologiques locales coincident 
avec cellcs de lamer Rouge:tempcraturc 26°C,salinite 39,30%,. Par 
ail leurs, la. major i tC: des cspCccs migro.triccs prCscntes dans lcs caux 
lcvantincs sont pJ.us frCqucntcs dans les caux du large ainsi que dans 
cs prclcvemcnts verticaux; scule la grande schyphomeduse Cassiopea 
polypoidcs sc rcncontrc duns les caux cOtiCres ct portuaires entre 
.lout et septembre. 

En conclusion, or. pcut dire gu 1 environ SOS2i des especes rnicroplancto
niqucs ct 377> des espCccs zooplanctonigucs sont communes aux deux mi
lieux marins,Ilassin lcvantin et mer Rou<JC(Halim,1969;Lakkis,1980;Do
widar, 1985). Il est evident que ccs formes indo-pacifiques et crythrc
cnncs r qui ont pu rr.i0rcr a travers lc canal de Suez 1 sont devcnucs pour 
la plupart des esrcccs endcmiques ctilnt donne lcs conditions hydrolo
giques favorablcs duns le Ilassin levant in. 

Tdhlr-du ! • lkunu..:~· c0mp.a·.JLlvo.;~; en ln.: lc: pL<aclon de:; cuux libun,li!>c.;:> 

--- (C.J::;~ 11~ lcvun~in) cl cclui J...: lu mer Houge (moycnncs rJCnCL·.}. 

:;,llpc:; 

Doli.t;ll·:; .. 

C"Lt!nopllot·c:; .. 

N,nJt>l.it de C:i::J:l_)i.:dc:; ? 
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4G 
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2<100 1800 2000 
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6000 2000 
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" 20 1) 

' 2 
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1 

Jil 40 
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Ut 

" 

----~ ~-___ _,_ __ j____, _ __. _ _j_ _ _j_ _ __! 
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X-II3 
Les Thecosomes de Ia mer Rouge 

Jeannine RAMPAL 

Laboratoire de Biologie Animale (Piancton), Universite de Provence, 
13331 Marseille Cedex 3 (France) 

Nous avons successivement explore la mer Rouge septentrionale (Casanova el 
al, 1973), lamer Rouge m€ridionale (Rampal, 1985) et, r€cemmen~, le golfe d'A~a?a 
{27 pnf:I€vements de surface pres des cOtes jordaniennes en f€.vr.ter 1980; 10 preleve
ments entre 1200 et 0 m dans la partie meridionale en 1976-1977). 

Vingt esp€ces ont € t€: recenc€es en mer Rouge (tableau 1). Si l' on excepte 
le cas des ubiquistes_, pr€dominants sur l 1 ensemble du bassin, les Th€cosomes ont une 
repartition h€:t€rog€ne qualitativement et quantitativement : gradient d€croissant de 
la vari€t€ sp€cifique et de la production du sud vers le nord du bassin. 

*En mer Rouge meridionale, le peup1ement, tres vari€. (17 esp€.ces) ~ta

bleau 1) comprend des autochotones et des transfuges. Le recrutement de ces derniers 
traduit 1' influence du courant indien qui est tres important notanunent pendant la 
mousson hivernale : Creseis chieY'chiae et Limacina bulimoides~ hOtes fr€:quen·ts du 
golfe d 'Aden sont rares en mer Rouge et lirnit€.s au voisinage du d€:troit de Bab e1 
Man deb. L' influence du courant se traduit auss i par un ph€.nom€.ne d 1 eutrophisat ion qui 
favorise 1 'augmentation de 1a biomasse des autochtones. Ainsi Creseis acicula~ Lima-
cina et L. t1'0chiformis qui peuplent tout. le secteur sud et repr€.sentent pres 
de 90% peuplement, mont rent des pies d 'abondance dans la zone du vestibule €.ryth-
r€:en (Rampal 1985). Un 4e Th€.cosome ubiquiste, Cli.o convexa , est assez bien repre
sent€. mais il semble €:viter la partie la plus meridionale et surtout la zone n€.riti
que du detroit. Creseis virguZa a sensiblement la meme repartition que ce dernier. 
CymbuUa sibogae, Desmopterus papilio et HyaZocyZis striata sont des hotes frequents 
de la mer Rouge m€:ridionale mais ils sont moins abondants que les precedents et plu
tOt localises au sud de 17° N. Les autres Thecosomes recences sont parfois fr€:quents 
mais g€:n€:ralement peu abondants. 

* En mer Rouge septentrionale on ne denombre que 9 especes de Thecosomes 
(tableau 1). 4 esp€:ces sont majoritaires : Limacina inflata~ Diaar>ia quad1'identata~ 
Creseis acicula etC .. virgula (Casanova et al., 1973); elles representent plus de 90% 
des effectifs. Clio convexa et surtout Limacina trochifomis sont beaucoup plus rares 
qu'en mer Rouge meridionale. L'espece caract€:ristique, Diacria quadr·identata~ se ren
contre sur toute la mer Rouge mais ses plus forts pourcentages se situent au nord de 
19" N. 

* Dans le golfe d'Aqaba on a denombre 10 especes (table&u. 1). Les Thoko
somes dominants sont Limacina in.flata~ L. trochiformis, Creseis acieula et Dt:acria 
quadr>identata., Clio eonve.xa est assez frequent; dans nos prelevements il est repre
sent€ par de nombreux jeunes. Ce golfe re1ativement profond, semble favorable au d€:
veloppement de cette espece a tendance bathyp€:lagique. Par la fr€:quence de Diacria 
quadridentata ~ le golfe d 'Aqaba montre des affinites pour la mer Rouge septentrio
nale. Il en differe cependant par l'abondance de Limacina trochiformis~ espece tres 
abondante aussi en mer Rouge mEridionale. Par ailleurs, ce golfe semble abriter des 
Diacria quadridentata ph€:notypiquement diff€:rents des repr€:sentants de 1a mer Rouge 
meridionale (ces derniers sont identiques a ceux du golfe d'Aden) et un eventuel 
iso1at geographique de CavoZinia gibbosa gibbosa (Rampal, 1975). Le golfe d'Aqaba 
repr€.sente done une entite dans l'environnement €.rythr€:en et pourrait favoriser les 
isolats geographiques. 

* Dans le golfe de Suez ont ere recenc€:es 4 especes : Limaeina infl.ata~ 
Creseis conica~ Diacria quadridentata et Caval ina longir·ostris alors que nous n 'avons 
pas r€colt€: de Thecosomes dans le canal de Suez. 

On peut done distinguer plusieurs types de repartitions : 
- des especes ubiquistes tres abondantes sur 1 'ensemble de la mer Rouge : Limacina 
infZata et Creaeis aaicula. 
- des especes a_ large repartition hEt€.roge.ne : Clio convexa et CreseiR vir>gula; 
elles t?vitent les zones les plus m€:ridionales et se rarefient vers le nord. 
- une espece a rEpartition septentrionale prefErentielle : Diaar>ia quadPidentata. 
- des especes .3. repa.rtition meridionale preterentielle : Cymbulia sibogae~ Desmopte-
rns papilio~ hyalocylis striata et Limacina trochifoPmis. Mais cette derniere est 
aussi trC.s fr€:quente dans le golfe d 1 Aqaba. 

Les autres Th€:cosomes sont peu abondants ou peu frequents et souvent lo
calises dans la partie la plus meridionale de lamer Rouge. Certains, frequents dans 
le golfe d 'Aden, sont limit€:s au voisinage du d€.troit de Bab el Mandeb : nous cite
rons notamment Creseis chierchiae et Limacina buZ.imoides qui ont valeur de trans
fuges et temoignent des €changes permanents entre ces 2 aires marines. 

La faune €:rythr€:enne des Thecosomes est typiquement tropicale. Les espe.
ces polytypiques y sont representees par les formes indiennes mais elles peuvent 
acquerir certaines caract€.ristiques phenotypiques propres a lamer Rouge. Cette mer 
est un appendice indien faunistiquement appauvri puisqu 'un tiers environ des Th€.co
somes de l'oc€:an ne figurent pas dans les inventaires de cette mer. Parmi les man
quants on note un certain pourcentage d' especes bathypelagiques. 

Nous dirons enfin que cette faune est differente de celle de la Mediter
ranee, tant au point de vue des inventaires que des phenotypes et qu'aucun transfuge 
n t a encore ete observe dans le canal de Suez ( Rampal 197 5). 

~~~~~~~~~~~~:~~~~~::~~~~~j;~~;::I~~i:;~:~I;;;:;;;~:~L~~~;~~::::~: 
Limacina inflata 

troahifomis 
buZimoides 

C1•eseis conica ( 1) 

viPgula (2! 
aeicula 
chierchiae 

Styliola subula 
Hyalocylis StPiata 
Clio eonvexa (J) 

Diacr•ia trispinosa e 
quad1•identata e 

Cavolina gibbosa 
globulosa 
longiPostris e e 
uncinata 

Per'adis bispinosa 
peticuZata e 

Cymbulia sibogae 
IZ~'!.'!!<:eE~::'!'!._eqe~~fc: _______ , ___________________________________________ ~------

(j) =C. vi1•guZa conica; 12! = C.v.vi1•gula; (J! =Clio py>'Clmidata convexa. 

Tableau 1.- Pr€:sence des Th€:cosomes dans les diff€.rents secteurs de la 
mer Rouge. Mentions personnelles (x), mentions des auteurs \e). 
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X-II4 

Seasonal patterns of Mesopelagic Calanoid Copepods 
in the Central Red Sea 

W.BECKMANN 

lnstitut tor Hydrobiologie und Fischereiwissenschaft der Universitat Hamburg, 
Zeiseweg 9, 2000 Hamburg 50 {Federal Republic of Germany} 

AESTR.'.CT 

Und~r th2 unusual environmental conditions of the Red S2a 

zooplankton species sho;; strong affinities for different v=rti-

cally segregated habitat zones. Most mesopelagic calanoid cope pod 

species ( Pleuromamma indica, Temorooia mayumbaensis, Lucicutia 

paraclausi, Haloptilus acutifrons, H. 1onoicornis, 1L..._or·natus) 

inhabit specific depth strata thr·oughout the year·, s1nce the 

physical environment the deep Hatr.r remains relatj vely 

constant. In contrast, a distinct seasonal pattern depth 

distribution can be observed among members of the family Eucala-

nidae. From spring through autumn, Eucalanus elongatus occupies 

depths bet~;een 50 and 600 m, Hhile Rhincalanus nasutus is found 

from 200 to 900 m. During the Hinter, both species are also 

caught in the upper 50 m of the Hater column. The Red Sea popu-

lations of these species, unlike those of the other copepods 

mentioned, are obviously "reinforced" by the surface import of 

specimens fr·om the Gulf of Aden during the :;inter monsoon. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 



X-IIs 
Vertical migration of Calanoid Copepods 

in the Gulf of Aqaba (Eilat)· 

M.S. ALMEIDA PRADO-POR 

Department of Zoology, The Hebrew University, 91904 Jerusalem (Israel) 

'l!1·· rli~--·1 V•··rtl j mter~Ll<'Jt: nt .~~ wh<·Jr:: soc·····i .spf·r·t.rtJm ·•f 

id!t· t(l ''l-'•""L"·,·!:··, )n t.h,:! \·;11lt ._,l Aqabar. ~;~ int.l ~-.t.udi· .i. 
bv 1.~~1::1r!t- ;:tt·:JiirJr:.-i ~~t'HnPlF:S wjr.h a ... ;.lo:~i.nf! rtf'·~t ·l1 t.hi-""· 

\' 1 i J,:.f r.'tfJ' h~·- i '? p•· 1 n t.he UJ="•PAr :it.IIJ m o i t-h•; w:tt.~"':r c·•-::1 I umn 
'!'h.:-· s:;mp!c:;.; wr;r(: 1~;1kett 1n t.h~~ Nort.hern UDLf. at SJrti?J•.· 

~~Li'tLir~n nrt•l t-~nr~t-~ ·~VPrV t.hree hnnr~ d11rin~ ~:~4 h•11.1rs,on 0 ::1 
~i<•r··h l :.;iLl 
i\ r.nt."ll. (,t· 2~·1 spr:cies were fotJnd at. t..he collr::ctinp· !:.iit.e. 1:-h~--::· 

m-:-J.i(JJ:·itv ot t.ht~rn smal i herbivc•res. a !Bw omni.v~-a~c~s ::tnrl onlv 
O:HJ'' :·;(··n n:--ul v reprr-!.sent.P.d earn i vorou.s ~Jpecies. Paracandacia 
truncata. 
It rA~ul~url tha~ there are d1fferent pat~erns ot vertir~1 

miBr:~t.iun in 1hr, speci"s st.udi.ed :mel that. t.here arA aJs•• 
irtdi.c.";:tt.ions f··)r a permanent. vert . .i.cnl space-part~.iti~-,nin~ amon~t 

cnng·f!rtc~rie :--;pP.C:it~S. 

1~a small herbivores live mainlv in the upper ~UU ThPre 
indi~atior1s for an upward mi~ration at ~unset nnJ 

s11nrlsre in Ctenocalanus tageae Rnd Calocalanus pavoninus 
Paracalanus indicus seems ~o migrate to the surface Javer 
1 ~u t.o () m. 1 duri.ng dayJight. Calanus minor.Acrocalanus 
gracilis and Calocalanus styliremis do not. appear t0 
;.igrc.t.e at. all. Ctenocalanus campaneri live>s at. l(>wer 
Jnvt<.!s I!UU t.o 5o m. Jt.han it.s eongeneric C.tageae nfld mc•;'Ct. •C•t 
t .. h~·! .-Jt h··~:r h~ r·hi v·-~rt:•s; mnrecJVF~r thi. s SPPC i. es r::toes not. make 
s1gr)iti08nt ~PPA~rance in the surtace layer at anv timP 
Similar vertiral niche-partitioning is found among the ~hree 

species ot Calocalanus. 

Amnne the omnivorous species the vertical mlgrRtion patterns 
are more conspicuous. Euchaeta concinna.Pleuromamma indica and 
Lucicutia flavicornis perform upward migrat.ion of larQ•er 
amp I I t.ude t.han the herbIvorous spec:i cos. On} y Acartia 
negligens .exhibits an Inverse migrat.ion : i.t. sunk bn low 
JIJU m. at. midnight and migrated t.o the surfnce during 
davlighL. 

The species which live in deepwater layers. exhibit a third 
p3ttern nf vertical migration : t.hev migrate upward durin12· 
t.h-'.> hours of t.ntnl darkness. Scoleci thricella auripecten 
and Hacandrewella chelipes appeared in t.hP. 1 ower part r.-.f 

t"he sampled column onlv after sunset and betnrP. s11nrise. H. 
chelipes i.s reported here for t.he first. t.ime from t.he <luJt 
ot Aqaba f C:nmpanr<r. in preparat.ion I 

The dist.ribution patt.erns of lb species of Calan0ida were 
anRlysed. The rest of the species sampled. occurred only in 
verv low numbers, quite characteristicallY for the extremely 
low biomasses of the Nort.hern Red Sen. Moreover, t.heir 
appearance was a scRttered one and therefore one could not 
reach R clear picture of their depth distribution nnd vertical 
migration. 

There are previous datn about the diel migration ot t"he total 
copepod biomass in the Gulf of Aqaba! Schmidt.1973J. Almeida 
PrRdo-~or 119R31 presented the first indications for a 
differential migrntion pattern in calanoids of the Gulf.There 
are RS yet unpublished data by Zalkina-Finkelstein about 
differential and small-scale migrations in the cyclopotds. 

~·rom the open ked :'iea,which unlike t"he Uult of AqRba, has a 
marked oxygen minimum layer at medium depths. Wei.k,.,rt. I 188% l 
described t.he vert.icRl migrat.ion patt.ern of Pleuromamma 
indica Rnd Bottger! 19871 studied the vertical distribution 
Gf the smaJ l cvclopoids as a whole. 

Though presented here only in a succint way nnd wi t.h.:>ut the 
numerical data and the graphical i] Justrations. the present 
paper is the first Rttempt to compare between the diverse 
migrating behaviour of a large numher of Calanoida of the 
Gult of Aqaba. To the best of our knowledge similar 
comparative studies have not been carried out vet in the Red 
S••a ,.,nrl neither in the Levan tine BC<sin of the 
Mediterranean. When one compares the ca!anoid populations of 
the two adJacent seas and discusses possible contact through 
t.h<'• Snc.?. '-~annl , presence or absence of migrating behavior 
and the patterns of the vertical migration oi each-particular 
species hnve to he studied. 
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X-II6 
Les Euphausiaces du golfe d'Aqaba 

et leur biogeographie en mer Rouge 

Bemadette CASANOVA 

Laboratoire de Biologie Animale (Piancton), Universite de Provence, 
13331 Marseille Cildex 3 (France) 

L'examen de vingt cinq pr€.lE~vements superficiels recueillis en fevrier 1980 

le long de la cOte jordanienne *l, a montr€. la presence d 1 Euphausiaces dans treize 

d' entre eux, a savoir, par ordre d 1 abondance ctecroissant : Euphausia diomedeae 3 Pseu

deuphausia latifrons, Styloaheiron abbr>eviatum et Styloeheiron affine. La presence 

d' adultes mGrs et de nombreuses larve:- indique qu' il s • agit d' especes capables d' ef

fectuer leur cycle biologique dans le golfe. 

Dans la partie nord du golfe *2
, neuf p@ches nocturnes de surface, effectu€-es 

en novembre-d€-ceiD.bre i987 ont ramen€: uniquement Euphausia diomedeae, mais trois pe

ches diurnes plus profondes ( 100-0 m et 600-0 m), faites en novembre 1985 et mars 

1986, contenaient egalement StyZ.oeheiron abbPeviatum et S. affine. En fin, dans sept 

peches profondes par paliers entre 1200 met 0 m, effectu€:es dans le cadre du D.C.P.E 

sur quatre stations dans la moiti€: meridionale du golfe *3
' figurent .les esp€ces prece

dentes ainsi qu'Euphausia sanzor (St. G, entree du golfe). 

Malgre la diversite d' origine du materiel, seules cinq esp€:ces sont recenc€:es 

dans le golfe d 1 Aqaba. Mais, par comparaison avec un travail anterieur de Weigmann 

( 1974), Pseudeuphausia ZatifY'ons est nouvelle pour ce secteur. Connue en mer Rouge 

jusqu'a 21° Nord (5,6,2), cette forme constitue, comme l 1 indique la presence de se

ries larvaires, des populations perennes jusque dans les zones cOtieres les plus 

septentrionales de la mer Rouge. Le caractere essentiellement n€:rit.i:que de cette for

me se trouve confirm€: par son absence dans toutes les p@ches effectu€es au large. 

Elle peut done etre qualifi€:e d 1 ubiquiste neritique, comme le sont StyZoehei"l'On. ab

breviatum, S. affine et Euphausia sanzo\: dans le domaine pelagique. Euphausia dio

medae apparait majoritaire dans le golfe d 1 Aqaba, comme elle 1' est d€:jA dans le nord 

de la mer Rouge (3, 7), confirmant ainsi sa repartition septentrionale, alors que 

dans le sud cette place revient a une autre Euphausia, E.sibogae a repartition dite 

meridionale (2). Ces six especes effectuant leur cycle vital en mer Rouge, y cons

tituent done un peuplement autochtone. 

L'examen de quelque 20.000 sp€cimens de ces Crustacea sur !'ensemble de 

cette mer nous amene a faire deux remarques sur leur adaptation morphologique au 

milieu erythreen. 

La premi€:re est un nanisme relatif qui affecte, d'une part chacune des es

p€:ces autochtones (cas, par exemple, de Styloaheiron abbreviatum, dont les tailles 

des larves et des adultes, sent inf€:rieures a celles des sp€:cimens, en M€:diterranee 

notamment) et, d'autre part, !'ensemble du peuplement qui n'est constitu€: que de 

pet:1.tes especes, la plus grande (Euphausia sanao:C) n' atteignant que 15 mm tandis que 

dans le golfe d'Aden voisin, dans des r€:coltes comparables, sont pr€:sentes des es

peces de Thysanopoda, Nematobraahion et StyZoaheiron dont certaines depassent 30 mm. 

Il serait int€:ressant de voir si ce nanisme d€:j3. signal€: chez les Thaliaces (4) af

fecte egalement d taut res planctontes. 

La deuxieme consiste en un d€:veloppement exceptionnel des branchies, en 

particulier celles issues des derniers thoracopodes. Dans le tableau suivant ont €:t€: 

port€:es des mesures comparatives des filaments branchiaux de deux especes vivant a 
la fois en mer Rouge et en M€:diterran€:e, deux mers semi-ferm€:es. L'augmentation de 

la surface branchiale semble bien etre une r€:ponse adaptative a la rarefaction du 

taux d' oxygene dans la premiere ( 1). 

Ces deux particularitE!:s morphologiques, nanisme des especes d 1 une part et 

grand d€:ve loppement de leurs branchies, d' autre part, mont rent 1' impact s€:lec t if 

important des conditions du milieu regnant en mer Rouge sur les populations des 

Euphausiaces qu'elle abrite. 

r----------------------T----------------:~~----------T----------------:~:-----------

: . M€:diterranee :mer Rouge: Mediterranee :mer Rouge 

l::Styloaheiron Zongiaorne:f.courte f.longue :f.n .. ind. :f.courte f.longue :f.n.ind. 

LT = 6,6-7,7 mm :0,20-0,25 0,25-0,32:0,50-0,87:0,37-0,42 0,37-0,50:0,75-1,00 
7,8-10,4 · o,30-0,37;o,75-1,17; o,42-0,55;o,87-1,12 

::::
1 Stylocheiron abbreviatWI} M€:diterranee :mer Rouge: Mediterranee :mer Rouge 

LT = 8-10 nnn 0,25-0,32 :0,66-0,71: 0,45-0,71 :1,10-1,32 
10-12 o,38-o,5o :o,n-o,8z: o,n-0,87 :1,21-1,40 
> 12 o,4o-o,6o ;o,77-l,o4; o,87-0,99 ;1,43-1,65 

I -----------------------,:. ___________________ ;,. _________ :,. ___________________ ,: _________ _ 

Tabl.l.- Longueur des filaments branchiaux des 7eme (L. 7) et 8eme thoracopodes (L.8) 
chez Styloaheiron Zongiao:rne et S.abbreviatum en fonction de la taille (LT mesuree 
de la pointe du rostre a 1 •extr€:.mit€:. du telson) en Mediterranee et en mer Rouge. 
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"Y" Crustacean larvae (order Facetotecta) 
in the plankton of the Gulf of Aqaba (Eilat), Red Sea 

M.S. ALMEIDA PRADO-POR and F.D. POR 

Department of Zoology, Hebrew University, 91904 Jerusalem (Israel} 

~·c)r n ~·~:(;rtt,tlry~ fP)W, t.ht)Je were scett.tered report.:::; n1 HansH.n' s 
~ u.:.t.upi·iL in l.itP.!rGt!Jro.:-:. Thev bav(:~ b'':t:-!n reported und~--.,r 

1 hr,· n.•m'·' Protolepas hanseni fr·~·m Trieste bv StJ:,ucrt J >ill I 
and trom rr~<":iOV pc-:1rt,s nt the world ocean_ 8rr:.~scianif18b51 tJnd 
~chram t ]~'lUI identified convincin~lv the corrnspondinR 
c_vprl:,; [{ecentlv Grvgier ( 198b 1- E''st.ablished tor th;,m t.he 
new order f~ceLote~ta.· and placed i~ ~mong th~ MaxiJlopoda. 
Vi Di< .l Ly, 1 t<> d•~scr i bed many types of Y naup J j i and Y cypri s, 
denominating them Hansenocaris(1:'J84;198b;l98o). 

In ~he Gulf of Elat, we observed for manv years certain 
t.ypes ,_,f peculiar rwuplii which W<3 are describing 1n a 
forthcoming publication under the preliminAry nGme 
.. Ufocaris" Since we suspected t,hc proximity ().t t.hes~'-~ t.yp(··-·~: 

t.o t.he c.la~~sicaJ , . .,l .rH-Htpljl (J{ Lhe litcrat.1.1.re. 
we to~nsed ·~·ur att.ent1 on on such orJ?:.'Ht.LStns. 

Presently we ran report the presence of at least two types of 
Hansenocaris nauplii and one type of Hansenocaris cypris 

in the Gult of Agaba!Fig.ll. 

These Facetotecta are present in the Gulf in variable amounts 
and several developmental stages have been found. We believe 
that the Hansenocaris cypri~ is either an adult animal. or 
is the young stage of a parasite on a planktonir host: this 
is the only way in which ·their permanent presence in the 
plRnkt.on can be explained. The problem of the " Ufocaris" 
larvae is even more complicated: we did not find them in 
stadia more advanced than that corresponding to a 
metanauplius.Three types of the "Ufocaris" larvae are 
extremelv trequent in all stations and seasons and appear as 
large-sized ( 0.80 mml well-adapted pelagic organisms. It 
seems to us fairly evident that they represent a different 
order r!>'f Maxj'ilopoda or at least a second ma.ior taxon within 
the F''lc•otntect.'J. 
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Description de quelques stades larvaires 
de Stenopus splnosus Risso 1826. 

Remarques sur le genre Stenopus Latreille 1819 
et position systematique de ce groupe 

R.SERIDJI 

lnstitut des Sciences de Ia Nature, U.S.T.H.B., B.P. 39, El Alia, Alger (Algerie) 

Des larves de Stenopus spinosus Risso prises dans le plancton des cotes 
Algeriennes sont decrites. Elles presentent des differences de detail plus ou moins 
importantes- Ces variations seraient individuelles mais elles pourraient egalement 
etre intra-specifiques. Cependant, de SAINT-LAURENT et CLEVA (1981) dans une etude 
sur les Stenopodidea des Philippines ont montre que dans un meme genre existent des 
formes voisines ainsi que de nombreuses variations de structures chez presque toutes 
les esp1kes. Ils observent egalement, chez les femelles d 'une meme espece, une va
riation tres importante dans la .dimension des oeufs- Ceci semble davantage lie au 
stade de developpement de 1 'oeuf, c' est-a-dire de 1' embryon qu' a des variations 
intra-specifiques, individuelles ou a la taille des femelles. 

Le genre Stenopus Latreille a une repartition circumtropicale et Stenopus 
spinosus (espece atlanto-mediterraneenne) et Stenopus hispidus (espece Indo
Pacifique) sont des especes dites "Vicariantes", relictes de 1' ancienne mer Tethys 
(PERES, 1985) • 

Du point de vue systematique les Stenopodidea constituent un gro_upe a 
affinites incertaines. De SAINT-LAURENT (1979) adopte les vues de BURKENROAD (1963) 
mais inclue les Stenopodidea dans les Reptantia; Dans sa recente revision des Crus
tacea Decapodes basee presque entierement sur les caracteres adultes, BURKENROAD 
(1981) les subdivise en 4 sous-ordres : Dendrobranchiata, Euzygida (Stenopodidea), 
Eukyphyda (Caridea) et Reptantia : le premier et le dernier sous-ordre ont une ori
gine independante tandis que les 2 autres ont une origine commune. FELGENHAUER et 
ABELE (1983) dans leur etude de morpho1ogie comparee sur les Crevettes Peneides, 
Stenopodides, Car ides et Procaridides concluent que chaque groupe et, en ce qui nous 
concerne, les Stenopodidea, represente des lignees evolutives independantes. Du 
point de vue larvaire, WILLIAMSON (1965, 1976, 1982) attache beaucoup d'importance 
a 1' armature du telson et en particulier a la 2e epine reduite a un poil. Cette 2e 
fine soie ne se rencontre que chez Stenopodidea, Thalassinidea et les Anomura ainsi 
que chez les Dromiacea. Pour WILLIAMSON et RICE (1980) cette 2e fine soie est un 
caractere apomorphe. Pour BURKENROAD (1981) cette 2e fine soie semble "- .. more 
likely to be a relic from the stem-form of the three incubatory suborder ••• ". Mais 
les Ste:nopod:!:d$ ne !PSSeden.I aucun ancetre adulte fossile (GLAESSNER, 1969) encore 
moins au niveau larva ire pour des raisons evidentes. Comme 1' indique WILLIAMSON 
(1982) les larves comme les adultes ne sont, ni plus ni moins difficiles a separer 
et la selection qui influe les adultes pourquoi n 'agirait-elle pas sur le developpe
ment ontogenique, de l'oeuf a l'adulte. Comme cette 2e fine soie n'existe ni chez 
les Dendrobranchiata, ni. chez les Caridea, ni chez les Astacidea, ni chez les Palinu
ra, ni chez les Brachyura, elle aurait un caractere plus apomorphe que simplement 
relique. Ainsi, les Stenopodidea constituent un groupe distinct qui diverge de la 
lignee qui donna naissance aux Thalassinidea et aux Anomura, et il notis semble, 
comme le pensent FELGENHAUER et ABELE (1983), que l'origine et les affinites des 
Stenopodidea" ••. are to be found among those groups traditionaly considered reptants". 
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Notes on larvae of two Red Sea Trapezid Crabs 

and their bearing on classification within the Xanthoidea 
(Crustacea : Brachyura) 

BellaS. GAUL• and Paul F. CLARK .. 

• Department of Zoology, GeorgeS. Wise Faculty of Life Sciences, 
Tel Aviv University, Ramal Aviv 69978 (Israel) 

•• Department of Zoology, British Museum (Natural History), London (England) 

A new classlfication of adult Brachyura, based primarily on the pos1t1on of the 

female and male gen1t:al openings was proposed b~ Guinot <1978). Eight fam1l1es were 

recognised w1Unn the superfamily Xantho1dea, which members are prominent among Red Sea 

Brachyura. Gumot supported Ortmann { 1897 l in gi vmg the rank of fam1 Jy to the 

Trapez11nae as def1ned by ?-hers (1886}. But for a few m1nor changes, Guinot Indicated 

that the family conta1ned all the genera llsted by Balss {1957) in h1s subfam1ly 

Trapeziinae. Guinot d1d not use any larval characters to corroborate her classification. 

The first stage zoea of Mr.lill ~<Herbst, 1790l {now L. cavimana Heller. 

1861, see synonomy of Ga!il, 1988) and~ cvmodoce <Herbst, 1799) of Gurney 

0938l, collected in the Red Sea, are redescribed and compared both with the original 

descnption and with the description of ~ qlaberrima by Al-Kholy { 1963l. This 

informal ion is uti 1 i zed to re-examine the classification of the xanthoids. Larval 

characters that appear to support the separation of the families Platyxanthidae and 

TrapeZ1idae, as proposed in a classification of adult xanthoids by Guinot {1977 and 

1978), are identified. 

Employing larval descriptions Rice { 1980l divided the Xanthidae into four groups 

which he thought lent support to the divisions proposed by Guinot <1978l. Martin { 1984) 

using larval characters, too, identified six groups within the Xanthidae. Rice 0980l 

and Martin {1984) agree on the suite of characters that defines their Xanthoid group 

Ill, but the genera they assigned to their respective groups Ill differ. Wl!!!ll. 
Homalaspis, and ~form group Ill according to Rice; Martin adds to this group 

Baptozius, Carpi !ius, Epixanthus, Paramedaeus, Platyxanthus and Trapezia. n,e present 

redescription of~~ and Tetralia ~larvae indicates that group Ill 

of both wor-kers can be divided into two. Group A comprises of ~ ~ and 

Trapezia ~ larvae and corresponds to the Trapeziidae of Guinot { 1978). Group B 

contains larvae of ~ llila <A. Milne Edwards>, Platvxanthus ~ <A. 

Mi Jne Edwards l and E.,_ patagonicus CA. Mi Jne Edwards l and corresponds to Guinot' s 

Platyxanthidae. Other larvae that fit in this group are~ ~ <H. Milne 

Edwards), ~ dentatus <Whitel, ~ ~ ~ Macleay, E. spinifrons 

<Herbstl, L ~ {Forskall, ~~Stimpson, Q.,_ ~ H. Milne 

Edwards and Pi lumogides ~ <Poeppigl. None of these are listed in Guinot' s 

classification, but on the basis of larval characters these genera appear to have 

affinities with Platyxanthidae. The xanthids Monodaeus ~ and Paramedaeus noe!ensis 

{Ward) are grouped here too with the Platyxanthidae though Guinot placed them in the 

Euxanthinae. Apart from this incongruity, the larval evidence appears to correspond to 

the classification of adult Platyxanthidae and Trapeziidae. The classification proposed 

by Guinot { 1978l might be further substantiated by careful examination of the 

Xanthoidean larval descriptions. 
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X-IIlo 
Les Chaetognathes du golfe d'Aqaba 

Jean-Paul CASANOVA 

Laboratoire de Biologie Animate (Piancton). Universite de Provence, 
13331 Marseille Cedex 3 (France) 

Les Chaetognathes du golfe d'Aqaba n'€:ta1ent connus que par le travail Ue 
Furnestin tl95t$) portant sur 25 nfcoltes c0ti€:res effectuees entre Eylath et la pointe 
sud du Sinal) jusqu I a 100 m de profondeur au maximum, et dans lesquelles figura~enl 
c~nq esp€ces. 

Le mat€:riel €tudi€: ici a deux origines (fig. l) : 
- d'une partl 27 p€:ches superficielles provenant du nord du golfe, en face des cOtes 

jordaniennes * ; 
- d'autre part, 10 pr€1€vements .3. differents niveaux (entre 1.200 et 0 m) sur 4 sLa

tions de p€:ches par paliers (3 dans la moiti€ meridionale du golfe et 1 au sud du 
d€:troit de Tir.an) ** . 

Pres de 14.000 specimens ont ere d~nombr&:s, apparlenant a di:x esp€ces <W sein 
desquelles on peut reconnaitre trois groupes, selon leur repartition dans le golfe : 
- ubiquistes de surface et subsurface : Sagitta enflata, S. pacifica, S r•egularis, S. 

hexaptera et Krohnitta pacifica; 
- ubiquiste profonde : s. decipiens qui, stricternent m€:sop1anctoni.que (profondeur ~ 

200m), n'a ete trouvee qu'exceptionnellement en surface (2 specimens imrnatures 
dans le materiel jordanien); son comportement dans le golfe est iden-tique a celui 
qu'elle affecte en mer Rouge (Casanova, 1985); 

- especes rares , S. ferox, S. gale rita, S. t>•opiea et S. erythraea. 

S' il y a peu a dire sur les especes des ler et 2eme groupes, sinon que les 
quatre premieres, les plus abondantes, avaient dejA ete signalees dans le golfe avec 
Krohnitta subtilis, celles du groupe 3 suscitent quelques remarques d 'ordre morpholo
gique et/ou €:cologique. 

Sagitta je11ox est representee par 9 jeunes sp€:cimens en face d'Aqaba. Or, toutes 
les mentions ant€.rieures de 1 'espece en mer Rouge indiquent qu'elle y a une reparti
tion meridionale; i1 faut done admettre, soit !'existence d'une petite population p€:- . 
renne dans le golfe d 1 Aqaba, soit un transport exceptionnel par le courant superficiel 
d' eau en provenance de la mer Rouge. 

Sagitta gaZeY'ita~ bien que peu abondante (31 specimens), ne semble pas accidentelle 
dans les eaux n€:ritiques jordaniennes, puisque presente sur 9 stations; elle y atteint 
m€:me ses plus grandes dimensions, 12,5 mm centre 10 mm seulement dans les eaux malga
ches oU elle a €.t€: d€.crite (Dallot, 1971), ce qui signifie qu'elle y trouve des con
ditions de milieu plus favorab1es. 

Sag·itta tropiaa est, semble-t-il, une espece polymorphe. J'avais d€:j.3 not€: des diffe
rences entre les sp€:cimens du golfe de Suez (Ducret, 1973) et ceux du sud de la mer 
Rouge, dans le nombre de dents posterieures notamment: respectivement 10 B. 18 (LT = 

3-7,8 mm) et 15 a 24 (LT= 4,5-7 mm). Or, ceux du golfe d'Aqaba (7 specimens entre 200 
et 0 m, st. E, et 1 sp€:cimen entre 200 et 0 m, st. D) sent encore diff€:rents puis
qu'ils n'en ont que 7 a 12 (LT = 4-5,1 rnrn). L'€:tude de cette espece est done B. revoir 
sur toute 1 '€:tendue de son a ire de distribution. 

Sagitta er-ythPaea est pr€:sente 8. raison d' un seul exemplaire immature {LT= 4, 8 nun) 
au milieu du golfe (st.D, 200-0 m). Il s'agit d'une espece rare, que j'avais d€.crite 
du sud de lamer Rouge a partir d'un exemplaire adulte. Plusieurs caracteristiques 
du sp€:cimen du golfe permettent de 1' identifier sans grand doute : aspect etoile de 
la tache pigmentee de l'oeil, 7 crochets, 7 dents anterieures alignees selon un axe 
transversal, 12-13 dents post€:rieures et ebauches des v€sicules seminales eloignees 
de la nageoire caudale. 

Tous les Chaetognathes presents dans le nord de la mer Rouge vivent done 
dans le golfe d'Aqaba. Cela n'est pas €:tennant lorsqu'on sait que celui-ci r€:unit 
les conditions requises pour abriter a la fois des especes n€:ritiques et oceaniques. 
En effet, d'une part, il est tres profond (plus de 1800 rn), permettant aux especes 
subsuperficielles et mesoplanctonique d'y vivre; d'autre part, il est separe de 1a 
mer Rouge par le seuil de Tiran, dont la profondeur (250 m) favorise des echanges hy
drologiques importants avec lamer Rouge. C'est 1.3 d'ailleurs que r€:side la diffe
rence principale avec le golfe de Suez voisin, dont la fai~le profondeur (60 m) n'au
torise que !'installation d'especes n€:ritiques, ce qui a deja Bt€: note pour d'autres 
planctontes, Thaliaces (Godeaux, 1974) et Copepodes Calanoida (Almeida Prado-Por, 
1983), par exemple. 

Ainsi, sur les 17 especes qui vivent avec certitude en mer Rouge, 11 sont 
signal€:es du golfe d'Aqaba. I1 y manque, a une exception pres (Sagitta fePox), toutes 
celles dont la repartition en mer Rouge est dite "meridionale" (Casanova 1985), c'est
.3.-dire qui sont transport€:es par le courant issu du golfe d 1 Aden, dont les caracte
ristiques hydrologiques s'alterent au fur eta mesure qu'il progresse vers le nord, 
et qui sont done rarement mentionnees au-del.3. de la partie centrale de 1a mer Rouge. 

Enfin, il est interessant de rappeler que si les modalitBs de repartition 
des esp€:ces sont les memes dans 1es deux mers semi-ferm€.es que sont la mer Rouge et 
la MBditerranee (Casanova, 1985 et 1986), leur peuplement a une origine differente, 
indo-pacifique pour 1 'une et atlantique pour 1 'autre; en effet, seules quatre esp€:ces 
ubiquistes sont conununes aux deux mers et 1 'on n' a encore jamais observe en M€:diter
ranee orientale Sagitta pacifica, S. regularis, S tropica ou S. gale rita, pourtant 

29" 

abondantes dans le golfe de Suez. 

Almeida Prado-Por (M.S. de), 1983.- Oceanol. Acta, 6 (2), 
139-145. 

Casanova (J.-P.), 1985.- Rapp. Comm. int. Mer' Medit., 29 
(9) : 269-274. 

, 1986.- Pelagic Biogeography, UNESCO tech
nical papers in marine Science, 49 : 42-46. 

Dallot (S.) , 1971.- Bull. Zool.~. AmsteJ•dam, 2 (3) , 13-
18. 

Ducret (F.), 1973.- BeaufOJ'tia, 20 (268) , 135-!53. 

Furnestin \>1.-L.), 1958.- Bull. Sea Fish. Res. Stn. Haifa, 
52 ' 3-20. 

Codeaux (J.), 1974.- BeaufoJ•tia, 22 (291) , HJ-103. 

Fip.1.- Position des stations de pflr:hes nlunctonjoues super+icielles 
(croix} et verticales par paliers (cercles). 

1• effectuees par le Dr. G. Seguin (Universit€: de Nice), que je rernercie. 

~·:-:: Je remercie le Pr. F.D. Por {Hebrew University, Jerusalem) de m'avoir confU~ ces 
rBcoltes, effectuees dans le cadre du DCPE (Data Collecting Program in the Gulf 
of Elat). 
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X-liii 

Thallaces de Ia Medlterranee Levantine 
et du nord de Ia mer Rouge 

Jean GODEAUX 

Laboratoire de Biologie Marine, lnstitut de Zoologie, Universite de Liege (Belgique) 

La Mediterranee est en relation avec l 'ocean Atlantique par le detroit de 

Gibraltar si tue par 36°N alors que la mer Rouge communique avec l 'ocean Jndien par 

le detroit de Bab-el-Mandab par l3°N. Les extremites des deux mers sont reliees par 

un canal de 162 km, large de 125 m et profond de 15 m au maximum. 

Les conditions ecologiques (temperature, salinite) sont tres semblables 

dans les deux regions qui sont des bassins d'evaporation. Cllte Mediterranee, la 

salinite est superieure a 391;; et la temperature de surface oscille entre l5°C en 

hiver et 30°C en ete. Cllte mer Rouge, la salinite depasse 42%; dans le golfe de 

Suez et la temperature oscille entre 20 et 30°C. Toutefois le canal de Suez traverse 

les Lacs Amers ou, en depit du drainage, la salinite des eaux reste tres elevee 

(salinite > 45%; = conditions metahalines). 

La faune des Thaliaces de la Mediterranee levantine provient de la zone 

temperee chaude. S' y observent Doliolina sp. (muelleri ? ) , Doliolina intermedium 

(nourrices seules), Doliolum denticulatum, D.nationalis, Dolioletta sp. (gegenbauri ?) , 

Cyclosalpa pinnata, C .polae, Thalia democratica, Thalia or ientalis, Salpa 

fusi formis, Ihlea punctate, Pegea confoederata. Plus a 1 'ouest se rencontrent 

Pyrosoma atlanticum et Salpa maxima. Ce sont des especes eurythermes et euryhal~nes. 

Cyclosalpa polae et Thalia orientalis sont les especes les plus strides au point 

de vue temperature. 

Les Thaliaces les plus frequemment rencontres le long des clltes egyptiennes 

et levantines, proches du debouche du canal de Suez sont Doliolum denticulatum, 

Salpa fusi formis, Thalia democratica, Thalia orientalis et Doliolum national is. 

En mer Rouge, a cOte de formes ubiquistes telles que Doliolum nationalis 

(tres abondant dans le golfe de Suez) et Doliolum denticulatum, la faune comprend 

Doliolina indicum, Salpa cy lindr ica, Thalia cicar, Thalia rhomboides, Ritter iella 

amboinensis, Iasis zonaria, Pegea confoederata, outre les rares Cyclosalpa bakeri 

et C. floridana. Aucun Pyrosome n'a jamais ete capture. D'autre part, aucune infor

mation n 'est disponible sur le canal de Suez. 

Alors que plusieurs especes d' Ascidies sont connues pour avoir franchi le 

canal depuis des decennies (transport passif d' animaux adultes fixes a la coque 

des bateaux et emission de larves du cOte mediterraneen), aucune espece de 

Thaliace ne para it 1 'avoir fait. 

Les especes indicatr ices d 'un passage dans le sens mer Rouge-Mediterranee 

grace au courant S-N qui parcourt le canal seront : Doliolina indicum (ph oro = 

et gonozol:des), Sal pa cylindrica, Thalia cicar, Thalia rhombol:des (forme indo

pacifique), Ritteriella amboinensis. Dans le sens oppose, les especes indicatrices 

seraient Salpa fusi formis et Thalia democratica. Les aut res especes coexistent dans 

les deux mers, ne sont pas utilisables. 

Les especes de la mer Rouge ant subi une selection severe liee aux condi

tions regnant surtout dans la partie nord. Elles sont certainement aptes a 
s 'acclimater dans le secteur levan tin et a concurrencer les especes autochtones. 

La possibilite d 'un franchissement du canal reste neanmoins douteuse, puisque les 

especes indicatr ices sont toutes des especes oceaniques et que les Lacs Amers 

constituent toujours une barr iere difficile a franchir. 
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X-III2 
The seasonal surface zooplankton dynamics 

near Eilat, Gulf of Aqaba, Red Sea 

T. ECHELMAN and L. FISHELSON 

Department of Zoology, Tel-Aviv University, 69978 Tel-Aviv (Israel) 

Summary: 100 surface zooplankton collect1ons, near E1lat 1n the northeri1 Gulf 

of Aqaba , dunng November 1985 - October 1987 demonstrated specific trends 1n 

po:.ulat1on dynam1cs and community structure. Samples taken day and night along 

both the coral reef and 2 krn offshore contained more than 200 an1mal tao-:a. 

.,--c:<a not prev1ously stud1ed include Ostracoda, composed of 6 genera and 

dominated by the genus (;Y!:>!:!Q!!)~; Mys1dacea, composed of 6 spee1es and 

dominated by ~!!i.2Q'!'Y2.!2 '!'~!:i.2 !:'!E£L Cumacea, composed of 4 spec1e: and 

dominated by (;'!'!'~ll~ l!'!'!£2l2.!Q~2; Jsopoda, composed of 5 speCles and 

dominated by !;;'!£YQ.!£§ !!!§£'!'!2; pelagic Gammaridea, composed of 13 species and 

dominated by §nY22H Yi!.!:!iloEil!2; Hyperidea, composed of 27 spee1es and 

dominated by !:lYEE2!Q§2 2i.Ei!9!!:!i2; and Euphausiacea, composed of 3 species and 

dominated by g:'!EQ~'!2i.ilo s!i.Ql!!§Q§~~- ln some taxa previously studied, add1t10nal 

species and genera observed are §ilo9H1~ s!~£iEi§!:!2· §_,_ g~l~£i1~ <Chaetognatha); 

!:~g~~ £2!:![2~5!~£~1~ <Thaliacea); I!!~IJ'!2 sp., !:~IJ!<li£'!2 spp., and §s:_yll_~_r:;r.§. spp. 

<Decapoda). 

A percent dissimilarity index <DKL = 2:: ( P,K - P,L /• 50; where P, is the 

percent of species i, in sample K and L) was employed to compare the offshore 

and reef communit1es. Nightly percent dissimilarity values ~1ere generally 

greater, where daytime values varied from 28 to 64 %, while nightly values 

varied from 42 to 98 %. Values greater than 90 % coincided with maximum 

concentrations of the near - reef fauna. Approximately half of these high 

di ss imi lari ty values are explained by the reproductive behavior of some 

Peracarida taxa. As for example, the gammand amphipod and cumacean taxa were 

almost completely composed of male individuals. 

Near - reef zooplankton biomass measurements were approximately S to 15 

times greater than those observed 2 km offshore. Winter and summer maxima were 

observed at both sites. The summer maxima were smaller in magnitude and more 

characterized by larval forms. Near the reef a maximum of 155 animals or 12.2 

g wet biomass m-" was observed in March 1988, while 103 animals or 8.5 g wet 

biomass m-" was observed in July. 2 km offshore a maximum of 53 animals 

2.5 g wet biomass m-·" was observed in February 1988, while a maximum of 33 

animals or O.S g wet biomass m-" was observed in July. The dominant winter 

forms near the\ reef were gammarid amphipods, yield1ng approximately 100 

individuals m- 3
• The offshore fauna, although gammand amphipods were still 

numerous, was more characterized by copepods and appendicularians, each at a 

maximum concentrations of approximately 13 indiv1duals m- 3 . The summer maximum 

near the reef was composed of 24 f~sh eggs, 30 gammarid amphipods, and 34 

mys ids m- 3
, while the offshore maximum was dominated by brachyuran zoe as, 

yielding 31 animals m- 3
• 

Table 1 Winter zooplankton biomass in the upper 100 m, 

spectrum> 330 urn. (* after Weikert, 1987) 

mg m-" 
1nd1viduals m- 3 

Gulf of 

~~~~a 

0. 02 
42 

Red Sea• 
Northern 

to 24°N 

48 
1520 

Red Sea• 
Central 
to 18°N 

81 
1750 

Red Sea• 
Southern 

105 
4750 

A clear reduction in both number and biomass is evident in The Red Sea 

with increasing lati.tude CTable 1). Although average Gulf of Aqaba Values 

appear consistent with th1s trend, within the Gulf of Aqaba the central region 

appears to be greater in biomass (Reiss et. al., 1977). There is ev1dence, 

that near Ellat, w1nd strength has an effect on zooplankton communit1es. 

However, ~1e will not fully understand the forces effecting zooplankton 

dynamics until meterological and oceanographic studies are considered to be an 

integral part of planklonology. 
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X-Il13 
New Information on the productivity 

of the deep Eastern Mediterranean and Red Seas 

Horst WEIKERT 

lnstitut tor Hydrobiologie und Fischereiwissenschaft der Universitat Hamburg, 
2000 Hamburg (Federal Republic of Germany) 

Introduction and methods: Primary production and plankton biomass were investiga
ted aboard the R. V. Meteor in the winter and summer of 1987. Preliminary resu1 ts 
are presented together with much previously unpublished data from earlier cruises 
into the Red Sea (Table 1). 

Chlorophyll ~ (chl ~) in hydrocast samples and primary production by the C 14 me
thod were determined in-situ in the Red Sea but in-situ simulated using Mediter
ranean water. Zooplankton was collected by stratified sampling using opening-clo
sing nets with mesh sizes of 300 ~m (modified Be net) in the Red Sea and 333 ~m 
(Mocness) in the Mediterranean Sea. 

Results. Red Sea: The results, which support earlier findings for November 
(Khmeleva 1970), show that in February and July, the amount of primary production 
in the euphotic zone of the southern Red Sea is considerably greater than that in 
the central part. In March this regional difference is still apparent, but the 
values for production at all stations were relatively low. The distribution of 
the phytoplankton biomass, calculated as chl ~· generally showed the same pattern. 
In March, however, there was a greater biomass in the central Red Sea than in the 
southern part. 

A gradual decrease in the average chl ~ content from 21.8 mg/m
2 

in the north to 
15.8 mg/m2 in the south was observed during July in the Sudanese section of the 
central Red Sea. In contrast, the production values followed the trend for the 
entire sea and increased to the south from 62 to 83 mgC/m2. d. 

The largest set of data was obtained from the region of the Atlantis II Deep area 
(A II Deep), which is located in the middle of the open sea section of the Sudan. 
In March and July, the production remained below 100 mgC/m2. d, while in June and 
October, it was obviously greater. The low average for October in Table 1 was 
computed without including high production figures from two stations, for which 
there were no data on the Secchi depth. The highest average production, 440.9 
mgC/m2. d, was observed in February 1981, and similarly high values in February 
1987 were recorded by Moigis ( pers. comm.). 

In contrast to the phytoplankton biomass, which showed seasonal variations in the 
A II Deep area, the biomass of the zooplankton displayed an ob•tious decrease 

~~~~:~ • t:~ ~o~~~e w:~g~~e p~;a:1 , I~=o~~~~~g~0 v~;~~ i~ ~~~r~~~;r (~g~~) ~ ~~. ~h~n water 
March, 9.0 in June, about 8 in July, and 5.1 in November (1977). The differences 
between neighbouring sites were minor. Considering the larger areas of the sea, 
the zooplankton biomass stocks in the central Red Sea were only half as large as 
those in the southern Red Sea in March and July. 

Eastern Mediterranean Sea: A coursory study of the Levantine basin off the south
ern coasts of Crete and Cyprus in January 198i' revealed low primary production in 
the euphotic zone. It ranged between 17.4 and 79.5 mgC/m2,d. Unlike in the Red 
Sea, chl a concentrations remained below 0.1 mg/m3 and were rather uniform 
throughout the upper 100 m. The zooplankton stock in the upper 1050 m reached 
about 6 g wet weight per m2, about 90 % of the stock in the entire 4000 m water 
column. 

Conclusions: The production and biomass data obtained during February and July 
1987 fit into the general pattern of biological production in the Red Sea pre
viously proposed by the author (Weikert 1987). Mixing processes promote a high 
phytoplankton production and support large plankton stocks in the northernmost 
and southern parts of the sea, at least throughout most of the year. The sharpest 
gradients of these parameters in the general decrease to tl!e north are apparently 
located between 17°N and 18°N. Farther to the north, in the central Red Sea, the 
seasonal destabilization of the water column seems to promote the development of 
mesotrophic conditions in winter, except perhaps in the Egyptian waters. Accord
ing to production figures of Khmeleva (1970), these conditions may already de
velop in November. 

Determinations in the Sudanese section of the sea during February 1987 revealed 
relatively high phytoplankton pro<juction and biomass values in the region of the 
A II Deep (Lenz et al. 1987, Moigis pers. comm). This local increase, which was 
not observed in July, may have been promoted by a seasonal discontinuity zone in 
the area. 

The annual cycle in the central Red Sea, characterized by production and biomass 
peaks in winter, resembles that in the Gulf of Aqaba. In contrast, oligotrophic 
conditions were encountered in the eastern Mediterranean Sea during the winter. 
However, there are some similarities between these regions, such as the high pro
portion of picoplankton (..:. 2 ~m) in the phytoplankton stock. Similarly, more than 
85 % of the zooplankton stock was encountered in the upper 1050 m of the water 
column in both regions. These proportions indicate an. effective utilization of 
coergy in the upper water column and only minor losses due to sinking into great
er depths. 

Northernmost Central Southern 
Approx. Lat. 27°N 25°N 21°N 15°N-17°N Depth 

pp Chl.!!. pp Chl ~ pp Chl ~ pp Chl.!!. (m) 

Feb. 1981 440.9 23.2 140 
Feb. 1984*** 621.3* 73.3* 77 .3* 24.3* 132.3* 38.3* 750.9 59.2 160 

Mar. 1979 47.0 22.4 90.0* 16.8* 150 

Jun. 1979 77.0 27.2 134.0 35.0 150 

Jul. 1987 80 17 .o 330 21.9 140 

Oct. 1980 85.6 9.4 108.0 16.0 140 
195.0** 

Table 1: Regional and seasonal changes in phytoplankton production (PP, mgC/m2. d) 
in the euphotic zone and chlorophyll ~ (Chl ~. mg/m2) at given depths along the 
central trough of the Red Sea. * Single sample, ** Calculation for the upper 
140 m including high production values from t100 stations. *** From Petzold (1986) 
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X-Il14 
Microplankton of the Red Sea, 

the Suez Canal and the Levantlne Basin. 
Some characteristic features and aspects of distribution 

B.KIMOR 

Technion-Israel Institute of Technology, 

Faculty of Agricultural Engineering, 32000 Haifa (Israel) 

The taxonomic categories considered in this contribution include the whole 

spectrum of phytoplankton size groups and the major groups of planktonic protozoa 

as they have been studied over the years in the three environments. 

The data analysed are based on the results of past and recent investigations 

carried out within the framework of national and internationally sponsored research 

programs. Notably among the latter are the migration of biota through the Suez 

Canal and the impact of the Aswan High Dam on the Levant Basin of the Mediterranean. 

A common feature of the microplankton in the three environments is the presence 

of a large number of species, particularly among the diatoms and dinoflagellates of 

the larger phytoplankton,and among the tintinnids of the ciliate protozoans. This 

seems to fit a basic characteristic of oligotrophic seas, particularly in regard 

to the areas of the open ocean in the tropics which show a relatively low productivity 

(Russell-Hunter 1970). In fact, low levels, particularly phosphates and nitrates, 

chlorophyll a and productivity values as recorded in recent years in the Gulf of 

Aqaba and in both the inshore and the offshore waters of the Levantine Basin, 

point to these areas as among the least productive in the world (Levanon-Spanier ~ 

.!!.!.:_ 1979; Berman et al. 1984; Azov 1986). 

The micro flora and microfauna of the Suez Canal consists, as expected, of 

numerous species common both to the Red Sea and the Mediterranean which are able to 

subsist in a shallow and hyperhaline environments. Our knowledge of the Suez Canal 

microbiota is limited to diatoms, dinoflagellates and tintinnids. 

A number of autochtonous species in the plankton of the Red Sea are not found, 

so far, in the Levantine Basin, particularly among the dinoflagellates, and 

phaeodarian radiolarians (Halim 1969). At the same time a number of species of 

indopacific origi~ such as the well known commensalic association of Chaetoceros 

coarctatus with Vorticella microstoma and Ceratium egyptiacum, among others, have 

made their appearance in the plankton of the Levantine Basin during the past few 

decades and established stable populations. 

Symbiontic and commensalic associations involving diatoms with cyanobacteria, 

diatoms with ciliates, foraminifer-ids, radiolarians and acantharians with algal 

symbionts are a common occurrence in the plankton of both seas. In some cases they 

may constitute important contributors to the primary productivity of these areas 

as was the case with Sphaerozoum punctatum which dominated the surface plankton 

of the Levantine Basin in April 1981. The presence of one or more deep chlorophyll 

layers has been recorded both in the Red Sea and in the Levantine Basin. These 

layers are characterised by a high phytoplankton standing crop associated largely 

with pica and nanoplankton organisms which together constitute over 90% of the 

total phytoplankton (Kimor et al. 1987). 

The shade flare consisting of ongophotic organisms at the base of the photic 

zone is well represented in the microplankton of both environments but it is not 

to be confused with the phenomenon of summer submergence of winter epipelagic 

species which is common to several groups of the marine microbiota, particularly 

dinoflagellates and tintinnids. 
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Resource partitioning of two Red Sea colonizers 
and two indigenous Mullids in the Eastern Mediterranean 

Daniel GOLAN! 

Department of Zoology, The Hebrew University, 91904 Jerusalem (Israel) 

Resource partitio:lin~ in rnosl co-evolved fish assemblages occurs along one or 

more axes (Henwr, 197J). The colonization of the eastern ~lediterranean Sea by 

Red Sea fishes provides .:m unique opportunity to investigate interaction between 

co-occurin!J closely related species that did not coevolve (Por, 1973). 

The family of t-1ull iJac, Ylhich is of cons idcrable commercial importance, con

stituting more than a thirJ of all Israeli Lrawl catch (Golani, 1981-85), is repre

sented in the levant coast by t\•Jo indigenous species, Mullus barbatus and .t!_. surn'1Jletus, 

as well as the two Rccl Sea colonizers, Upeneus moluccensis and~· asymmetricus. In the 

present work, the feeding hab i Ls, habitat selection and spawning seasons of these 

species were studied for the purpose of assessing the nature and extent of resource 

partitioning. 

Habitat selection was determined by the frequency which each species occupied 

selected depths (20, ItO, 55, 70 and 90· m) as sampled by commercial trawlers. Feeding 

habits of each mull id were determined by calculating the index of relative importance 

(IRl) of each prey category. Trophic separation was determined by calculating the 

feeding habits overlap for each pair of species, using IRI. 

In addition the predator size--prey size relationship was determined. Spawning 

seasons were calculated by the ganado-somatic index. 

Of the three axes of resource partitioning investigated concerning the eastern 

Mediterranean mull ids, the mosl important axis is habitat separation. Both colonizers 

are found in a shallow habitat,~· asymmetricus being dominant in the primarily sandy

bottom at 20-30 m and~· molluccnsis at It0-55 m, at which depth the sea bottom becomes 

increasingly silty. The indigenous_!!.~ is dominant in water deeper than 55 m 

although it can be found in large quantities from ItO m. !!· surmuletus appears in 

sma 11 numbers in a II depths. 

Segregation according to food type or size is much less apparent. The primary 

prey of all four species is mainly macrurid crustaceans, •Jhich constitute 51.It-61.2% 

of IRI. The secondary prey is polychaets, constituting 4.3-26.0% of IRI. The values 

of diet overlap are rather high (T = 0.666-0.928) when including samples from all depths 

and decrease considerably (T = 0.527-0.846) in samples from the area where species are 

most sympatric (IJ0-55TI\), suggesting that trophic separation may also be a means of 

resource partitioning. 

Prey size is also not an efficient means of segregation. Young individuals 

(SL < 115 mm) of all four species feed upon prey of similar size (60-120 mg). Among 

larger specimens (SL ."- 115 mm), three species continue to feed mainly upon the same 

size prey, with occasional larvcr organisms, while one species, !:!._. moluccensis, feeds 

upon considerably larger prey (G00-2200.mg), of •vhich 30.2% of the gravimetrical index 

are benthic fish. 

The separation between spal'ming seasons of local versus colonizing species may 

also contribute to reduce competition. The local species spawns in March-June while 

one of the Red Sea species, ~· moluccensis, spawns in July-October and the other, 

.!:!.· asymmetricus, spawns from ~1arch lo October. 
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A prudent assessment of the role of the Suez Canal 
In plankton Interchange 

between the Mediterranean and the Red Sea 

F.D.POR 

Department of Zoology, The Hebrew University, 91904 Jerusalem (Israel) 

Uaspi~A ~he scAPtinism expressed by some authors !Godeaux.19J4: 
Pnr.l9"f81 about. the ma!<nitude and t.he fut.uro of th~: 
LeRsepsi~n miQrRtion of holop]anktonic organisms , the suhiect iR 
sti 11 attracting much attention and the expectations are high. 

New reports of pu~ative migrant Indopacific species are often 
being quoted i.n Uterat.ure. Among the calanoid copepods. t.he 
rf>port.s of Arietellus pavoninus f~om the Aegean Sea 
and of Euchaeta concinna from the Lybian Coast 
deal probably with preexistent circumtropical species. The 
calanoids reported by Lakkis ( 19761 from Lebanon need to be 
confirmed as real Lessepsian migrants. Only species which r~re 
sufficiently euryhaline and/or reported also from the Suez 
Canal waters. such as Calanopia elliptica,C.media, Acartia 
centrura and A.fossae are probable migrants. The siphonophore 
Sulculeolaria chuni(Alvarino.1974i cannot be considered a 
migrant. The phtoplanktonic species and the tintinnids reported 
by the Egyptian colleagues have been all found near the Suez 
Canal outlet in the Mediterranean. The two hydromedusae reported 
by Schmidt 119721 are not holoplanktonic and may have been 
introduced in their polyp instar. 

Although very prudent in her conclusions,Furnestin (19791. who 
quotes several of the above examples. expects that planktonic 
immigration will increase in the future even to an extent to 
allow for such organisms like Euphausia diomede to cross over 
into the Mediterranean. This would be the outcome of the 
cessation of the Nile flow and especially of the gradual decrease 
of the salinities in the Suez Canal. 

That the situat-ion is not such, has been shown recently by 
Egyptian scholars and especially by El Sharkawy and Sharaf El
DinC1983). The salinities in the Bitter Lakes maintain a level 
above 46 ppt and in the summer reach more than 49 ppt. Moreover. 
saline stratification in the Bitter Lakes persists and during 
1973-1974 there were even hypersaline values near the bottom. 

The Canal waters have a residence time of about 6 months in the 
Bi tt.er Lakes and salinity increases there during this time much 
more because of the high evaporation rate than because of the 
dissolution of the residual fossil salt bed on the bottom. It is 
therefore unrealistic to expect future and further improvement in 
the salinity regime of the Suez Canal: Every organism entering the 
Bitter Lakes from the Red Sea is submitted at least for the 
duration of the average residence time of the Red Sea water. to 
the metahaline salinities of the system. 

It results that only organisms able to withstand the extreme 
neritic and even lagunary conditions of the Bitter Lakes with 
high salinities. low winter temperatures and which furthermore 
are able to reproduce in these waters are prone to turn into 
Lessepsian migrants . The methodological caveat proposed by Por 
(1978) retains full viability: migrant species should be looked 
for first of all in the Suez Canal waters. 

Planktonic congeners found on both sides of the Suez Canal are 
probably different at a s~cies level. They probably behave like 

Calanus helgolandicus s.l. which according to Fleminger and 
Hulsemann (1987) split into sibbling species separated by the 
Bosphorus. If the gene flow between the Aegean and the Black Sea 
populations in this genus is so reduced, what can one expect of 
the saline trickle of the Suez Canal ? 

In conclusion: Indopacific influx of holoplanktonic species from 
the Red Sea to the Eastern Mediterranean . if possible at all. is 
restricted to very few special cases. 
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and sediment off the Danube Mouths in 1986-1987 
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Abstract 

Data are presented regarding the variation of Cs-137 and Cs-134 leve.:.s in 
sea water and sediment sampled on the 1U m and 20 m isob.:J.ths of[-sborc fro.ra 
the Da.nube mouths in 1986 - 1987. SeJiment/water concentration factors for 
Cs-137 and activity ratios for Cllernobyl derived radionuclides in sedirnent 
are also given. . . 

Ri!sume 

On orJsrJnte des donnees sur la variation des concentrations en Cs-137 et 
Cs-i34 duns l"'eau ct les sEdiments marins prllleveS en points situr!s sur les 
isobathes de 10 JJJ et 20 JJJ devant les embouchures de Danube au cours des 
anm{es 1986-1987. Les facteurs d.: concentration sediment/eau pour Cs-137 et 
les rapports des activi tes pour radionucleides en provenance de Tchernobyl, 
en sediment, sont egalement exposes en ce travail. 

In view of assessing the impact of the Tchernobyl accident on the Romanian 

coastal benthic region, in 1986 radioactivity measurements were initiated on marine 

water and sediment sampled at locations situated on the 10 metres< m ) and 20 m cons

tant depth lines. In 1987 measurements were repeated for the profiles defined by the 

mouths of the two southern branches of the Danube ( points 1 - 4 in Fig. 1 ) . 

Evaporation residue resulted from unfiltered water sampled at 1 m above the sea 

floor, and sediment, dried to constant weight at l10°C, were analysed by gamma spec

trometry using Ge<LU detectors. 

The variation of Cs-134 and Cs-137 concentrations in water and sediment off

shore from the Danube mouths in 1986-1987 is illustrated in Fig. 1. At lesser depths 

the two radioisotopes show an important depletion in 1987 as compared to 1986, in 

both water and sediment. At greater depths radiocaesium levels increase in sediment 

and decrease slightly in water. 

Values of the sediment/water concentration factor ( equal to the ratio between 

radionuclide concentrations in sediment and water l for Cs-137, presented also in 

Fig.1, vary in the accepted range [1,2l, depending mainly on the dimension and compo

sition of sediment particles [1,3]. 

Activity ratios for some fission and activation products in sediment sampled in 

September 1986 < extreme values are given in Table 1 ) compare well with those in 

Chernobyl derived atmospheric deposition. Values are presented in Table 1 for deposi

tion collected at a station on land, located approximately 4 km northwest of sampling 

point 3 ( see Fig. 1 ) , between April 30 and lfuy 12, 1986 [4], decay - corrected to 

sediment sampling time. 

SAMPLING 
COORDINATES &· 

DEPTH 
-4s• os' N 

1. 29"46' E 
10 In 

45" 08' N 
2. 2.9°_/t'l' E 

20 m 

44" 53' N 
3. 2.9"'?18' E 

10 m 

44• 5Y N 
4. 29° ?>S' E 

20 m 

SEDIMENT ( Bq/ kg dry l WATER ( Bq/!) CF I tfkgl 
1.00 300 200 100 0 0 0,1 0,2 Cs 137 

Cs137 

~ 
FIG.l Cs-137 and Cs-134 levels in sea water and sediment in 1986-1987. 

Sediment/water concentration factors ( CF ) for Cs-137. Concentration 

values are decay-corrected to sampling time: 1986.09.15, 1987.07.31. 

Sample 

Sediment 

Deposition 
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Cs-137 
Cs-134 

2.3-3.6 

2. 5 

TABLE 1 

Activity ratio 

Cs-137 Ru-106 Ru-106 
Zr-95 Ru-103 Cs-137 

0. 33-1.9 1. 8-2.1 1. 4-2.6 

0.36 1.7 2. 2 

(1] IAEA, 1985- Technical Reports Series lio.247 

Cs-137 Ce-144 
Sb-125 Cs-137 

11-16 0.18-0.63 

14 0. 18 

[21 Cougherty P. J., Thorne M. C., 1983 - Radion.uclide Distribution and Transport in 

Terrestrial and Aquatic Ecosystems, 1, 391 

[3] Stanners D., 1981 in Impacts of Radionuclide Releases into the lfurine Environ

ment, 131, IAEA 

l4l Sonoc S., Osvatb I., Dovlete C. - Radionuclide concentrations in aerosol and 
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Natural and artificial gamma radioactivity 

off the Romanian Black Sea Coast during 1986-1987 
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• Romanian Marine Research Institute, 8700 Constantza (Romania) 
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ABSTRACT 

Concentrations of ga11U1Ja emitting radionucltdes in Blaclr Sea· sediment, water, 

macrophyta,mollusca and fish samples have been measured during 1986-1987. 

RESUKE 

On a determinl les concentrations des radtonucleides ga11U1Ja emmeteures dans 

lchantillons de s~diment, d'eau de mer et de certaines macrophytes, 

1DD11usques et poissons de la mer Noire, pour les annles 1986-1987 

The survey and monitoring ( IAEA, 1965) of natural and artificial radioactivity 

in the marine environment along the Romanian Black Sea coast, initiated since 1980 

<BOLOGA et al., 1985; DOVLETE and BOLOGA, 1986>, was continued in 1986-1987. 

XA TER I ALS Al!D METHOD 

Environmental and biota samples were collected nearshore between .Mamaia 

< 44°15' !! ) and ~ama Veche ( 43°45' II ) , Sea water samples were also collected up 

to 30 nautical miles < water depth 50 m l offshore from the Danube Delta < Sulina, 

!lila 9 and Sf. Gheorghe l and on the east-Constantza transection. For comparative 

purposes fish samples from the east-central and south-eastern Atlantic Ocean have 

also been collected. 

A total of 114 samples of sediment <dry>, sea water <salt), ma.crophyta, 

mollusca (shell and soft part) and fish (ash) were analyzed gamma spectrometrically 

using a CAIBERRA computer-based multichannel analysis system consisting of Ge<Lil 

detectors, associated modular electronics and 8100 !{CA. Counting times ranged 

between 20, 000 and 300, 000 seconds/sample. Spectra were analyzed with a PDP-11/04 

computer, using improved SPECTRAl! Ill codes. 

RESULTS AID COJICLUSIOIS 

Among natural radionuclides the most common is K-40, with concentrations up 

to 396 Bq/kg in sediment, 8 Bq/l in water, 159 Bq/kg fresh weight in macrophyta 

<Cladophora sericeal, 107 Bq/kg f. w. mollusca <Xya arenaria, soft part) and 

293 Bq/kg f. w. in fish <Engraulis enchrassicolus ponucusl. Ac-228 reached 

concentrations of 6. 3 Bq/kg in sediment, 156 Bq/kg f. w. in Bryopsis plumosa 

and 3. 3 Bq/kg f. w. in Trachurus mediterraneus ponticus,. and Ra-226 of 59 Bq/kg in 

sedime'nt and 381 Bq/kg f.w. in Bryopsis plumosa. 

The previously notified marked trend towards lower fission product .levels along 

the Romanian Black Sea coast between 1981 and 1985 was interrupted by the nuclear 

accident in Ukraine on April 26, 1986. Thus, during .May 1986 Chernobyl-derived 

radionuclides <e. g. lzrael et al., 1987) were identified in the atmosphere, some of 

them, namely Xn-54, Co-60, Zr-95, lb-95, Ru-103, Ru-106, Ag-llOm, Sb-125, I-131, 

Cs-134, Cs-137, Ba-140, La-140, Ce-141, Ce-144, being also detected in marine 

Table 1. Highest annual concentrations for some of the artificial gamma 

emitters identified in Black Sea sediment <Bq/kgl, water <Bqlll and 

biota <Bq/kg f.w.) samples. 

SAJ!PLE Co-60 Ru-106 Ag-110m Cs-134 Cs-137 Ce-144 

Sediment 1986 <liD A 22::!:15 <liD A 14:!:2 30::!:4 470::!:11 

1987 <l!DA <liD A <l!DA 7::!:1 19:!:2 7::!: 4 

Sea water 1986 <liD A 0.3::!:0.1 <liD A 0. 23::!:0. 02 o. 9±0. 4 o. 4±0. 3 

1987 <liD A <liD A <l!DA 0. 07±0. 02 0. 13±0. 01 <l!DA 

l!acrophyta 1986 10 DATA I. D. II.D. J.D. II.D. II.D. 

1987 144±30 <liD A <liD A 56::!:15 170±15 <liD A 

l!ollusca 1986 <liD A 22::!: 7 7::!: 3 2. 3::!:0.4 4 ± 2 <liD A 

1987 0. 4::!:0. 3 7::!: 2 2.2::!:0. 4 2. 2::!:1. 0 3. 3::!:0. 7 <l!DA 

Fish 1986 22::!: 1 126::!: 7 <liD A 13::!: 1 29. 6::!:0. 7 226::!: 7 

1987 3. 7±0. 7 <liD A 18. 5±0. 4 3. 7::!:0. 7 11::!: 1 <l!DA 

It follows that both tbe environmental radioactivity significantly decreased 

in all components in 1987 as compared to 1986, and the highest Cs-134 and Cs-137 

concentrations are in all edible biota below 'action levels' for food <FAD, 1986). 
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On the radioactivity of the Romanian littoral zone 

after Chernobyl accident during 1986 

lulia I. GEORGESCU•, Maria SALAGEAN .. and Ana PANTEUCA .. 
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ABSTRACT. Artificial and natural radionuclides were determined in 
the algae Enteromorpha linza, Ceramium rubrum and the snail Rapana 
venosa Vall., as well as in sands from various sites of the Rumanian 
Black sea-shore. Gamma spectrometry with a high resolution Ge(Li) 
detector was applied for determining the radionuclides: Ce-144-Pr-144, 
Ru-106-Rh-106, Cs-134, Cs-137, Co-60, Th-232 and U-238. The neutron 
activated Ag-110m was found only in the algae samples. 

INTRODUCTION. After Chernobyl accident, from August until the end 
of 1986, the artificial radioactivity due to the accident has been 
decreased rapidly. The species E. linza and C. rubrum were chosen for 
estimating the radioactive pollution level-of the Rumanian coast, 
since these species are able to accumulate radionuclides in a high 
degree, ( 1). 

EXPERIMENTAL. The spawning of JL. venosa the shells of MYtilus 
galloprovincialis, sampled in 20 . August 1986, as well the algae JL 
linza and C. rubrum and the sands collected in October 1986, were 
treated as follows: Samples of R. venosa and Mytilus sp. were rinsed 
with water dried and ashed. The shells were dried andgrounded to a 
fine powder. The sand samples were dried at 105 Celcius. 
Radioactivity counting was performed by gamma spectrometry using a 
multichannel analyser coupled with a Ge(Li) detector. The counting 
time varied from 16 to 20 hours. 

RESULTS AND DISCUSSION. The following artificial radionuclides were 
determined: Ce-144-Pr-144, Ru-106-Rh-106, Cs-134, Cs-137, Ag-110m and 
Co-60. The radioisotopes RaC', Bi-214 and Pb-214, belonging to the 
natural family U-Ra, as well Pb-212 and Ac-228, from the Th-232 family 
were found. The radionuclide activity in the algae sampled in October 
1986, is given in TABLE 1. 

According to the data presented in Table 1, we can say that in C. 
rubrum sampled from North Eforie higher activity levels for 
Ce-144-Pr-144 and Cs-137 were found, than in samples collected from 
Mangalia. Co-60 was detected only in C. rubrum sampled from the North 
Eforie area. The highest level of Ru-106 - Rh-106, was found in C. 
rubrum from Mangalia. In R. venosa sampled from Mangalia the 
following activity values- (Bq/kg dry matter) were found: 
Ru-106-Rh-106 (2700); Ce-144-Pr-144 (250); Cs-134 (55); Cs-137 (96); 
U-238 ( <130); Th-232 (81). Low activity was detected in the shells. 
In the sands sampled from Mamaia to Mangalia-South only Cs-134, 
Cs-137, Th-232 and U-238 were found. 

TABLE 1. Radioactivity of two Macrophytes sampled in 
October 1986 (Bq/kg in ashed material, error in parenthesis) 

Radionuclide Enteromorpha 1 inza 

North Eforie Mangalia North Eforie Mangalia 

Ce-144-Pr-144 

Ru-106-Rh-106 

Cs-134 

Cs-137 

Co-60 

Th-232 

U-238 

Ag-llOm 

* : NOT DETECTED 

43 (25) 73 (32) 

210 (60) 390 (67) 

40 6) 

109 9) 

* 
15 ( 6) 

21 ( 14) 

22 { 12) 

60 ( 6) 

114 ( 10) 

* 
25 7) 

13 9) 

20 {10) 

6oo <50) 

616 (75) 

64) ( 7) 

167 ( 10) 

48 (13) 

25 ( 8} 

<12 

14 ( 7) 

105 (325) 

660 {50) 

70 ( 7) 

160 ( 10) 

* 
11 ( 5) 

<12 

14 ( 8). 

Cs-137 values were very low (3.2 to 9.3). The Cs ratio (134/137) 
values in Rapana Enteromorpha and Ceramium species measured in samples 
from North Eforie and Mangalia sampling areas were as follow 
respectively: 0. 57 and 0. 70; 0. 40 and 0. 40; 0. 52 and 0. 44. This ratio 
value reported ( 2) in terrestrial plants from the region Monaco-Menton 
is 0. 49. The neutron activation product Ag-110m was also identified ·in 
Mediterranean algae (2). 
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Summa.Jty. The mussels My.U . .tul> G .sampled at different depths at Sulina, 

Portitza and Mangalia, algae En.teJtomo!tpha..t.,the plants HybA.i>c.ul> <~p. 

and Ca..ta.ma.gt.ol>li' l>p.for man made and natural radionuclides were ana

lyzed by the nondestructive gamma-spectrometric method •134cs and 137 cs 

are predominant in all the samples as well as 232Th and 238u. The ratio 
134cs; 137cs for the most samples, lies between 0.47~0.51. The 

106
Ru -

106 Rh is concentrated only in the soft tissues of the mussels and in 

En.teJtomoJtpha. .e.. 

INTRODUCTION 

La Maule Mytilus galloprovincialis est reconnue pour sa capac it€ d' accumu

lation des radionucleides artificiels et naturels, leur degre de contamination etant 
0 

un indice d I evaluation de la pollutions radioactive du milieu ambiant. Les retom-

bees atmospheriques ant ete evaluees en analysant la radioactivite de plantes peren-

MATERIEL ET METHODES 

Les Moules, des le prelevement, ant €t€ rinc€es 8. 1' eau distill€e et apres 

elimination des coquilles, on a precede a la separation du byssus et de la pulpe. Taus 

lea composants ont ete seches a 105°C, puis reduits en poudre dans un mortier d'agathe, 

enfermes dans des containers en plastique et analyses par spectrometrie gamma a 1 'aide 

d'un cristal Ge(Li) a haute resolution, 2 keV pour les rayons gamma du 
60

co, couple a 
un analyseur multicanaux. Les plantes et l'Algue ant ete incinerees. L'eau marine de 

surface a ete etUdiee en appliquant la methode dU Mn02 pour 1 I extraction des radionu

CleideS de grands volumes d'eau marine. Pour le Radiocesium, l'extraction a ete effec

tuee a l'aide d'AMP. 

RESULTATS ET DISCUSSIONS 

Le 106Ru- 106Rh a ete identifie dans 1 I Algue Enteromorpha 1. echantillonnee, 

en aout 1987, a Eforie Nord et dans la pulpe de Mytilus g. et taus les echantillons 

entre (14;!:6) .; (24;!:6) Bq.kg - 1 de matiere seche ; dans le byssus et les coquilles, il 

est absent. Lea 134cs et 137 Cs se rencontrent dans taus les prelevements : eaux mari

ne, Mytilus g., pulpe, byssus et coquille, 1 1 Algue Enteromorpha 1., les plantes ~

cus sp., et Calamagrostis sp. Il faut souligner que.la plus grande activite du 137cs 

(280±70)Bq.kg - 1 cendres, se trouve d~ns les feuilles d'Hybiscus (Tableau 1). 

TABLEAU 1. Radioactivite de la flare spontanee, pres du lac Tabacaria-Constantza, 
--- 9/8/1987 (Bq.kg-1 cendres). 

Echan- HybA..Ilc.u-6 l>p. Ca..ta.m«IJ.Jtol>.tA.i> .6~. tillon 
2 

Rad:i,o- F1eurs Feuilles Tiges Epis Tiges Epis Tiges 
nucleide 

134Cs 66:!:_41 76:!:_49 85:!:_58 58:!:_22 27:!:_22 94:!:_38 65:!:_55 

137 Cs 130:!:_70 280:!:_70 195:!:_85 70:!:_55 49:!:_30 132:!:_56 80:!:_65 

232Th <190 173:!:_98 160:!:_118 90:!:_53 80:!:_55 < 1.40 <140 

238u 140:!:_100 230:!:_110 285:!:_120 107:!:_56 98:!:_58 170:!:_78 <150 

Les radionucleides naturels 
232

Th et 
238

u sont egalement presents dans 

taus lea prelevements. Dans le byssus de la Maule, 1 'Uranium-238 varie entre (28;!:13) 

et (45;t28)Bq.kg-l de matiere seche. Les rapports 134cs;137cs ant varie entre 0,47-; 

0,51, pour la plupart des echantillons, avec quelques exceptions, mais en tenant comp.,

te des erreurs pour les valeurs des Radiocesium on obtient le meme rapport. 

Les epis de Calamagrost:is sp. sont plus contamines que les tiges. L'eau ma

rine de surface presente une faible activite en 134cs et 137 Cs : (<3 :.. <.S)Bq.m-3 pour 

le 134cs et: (<8-; <10)Bq.m-3 pour le 137cs. • 

• CHARMASSON (S.), CALMET (D.), et DABURON (M.L.). - Etudes des niveaux de radionuclH

des artificiels chez Mytilus sp. prelevee sur le littoral du delta du Rhone 

(Mediterranee Nord-Occidentale). Rapp. Comm. Int. mer Medit., 1Q, 2, 

p. 213 (1986). 
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X-IIls 
Radioactive contamination of the Bulgarian Black Sea Coast 

due to Chernobyl accident 

S. TEOFILOV*, L. MINEV*, V. PETROVA-KARADJOVA**, R. JORDANOV***, 
Tz. BONCHEV*, D. TEMNISKOVA***, D. KOLEV* and M. VULEVA*** 

• Department of Atomic Physics, Sofia University, Sofia (Bulgaria) 
•• Institute of Fisheries, Varna (Bulgaria) 

••• Department of Botany, Sofia University, Sofia (Bulgaria) 

INTRODUCTION The Chernobyl nuclear power plant accident released 
large quantities of vaporized radionuclides, and, to a lesser extent 

mechanically released small aerosol particles. Fallout radioactivity 

was likely to have been deposited to the Black Sea during the later 

stages of the accident (1-6 May) 1• In order to obtain information on 

the degree of radioactive contamination of the bulgarian Black Sea 

coast, sampling and measurements of marine organisms, beach sands 

and sediments have been carried out. This work was performed under 

Contract 696/Bulgarian Ministery of Culture, Science and Education. 

MATERIALS AND METHODS From the first days of May 1986 our Labo-

ratory of Dosimetry and Radiation Protection was engaged in a routine 

control of food 'production. Field measurements and collection of ma
rine samples started two months after the accident. All samples were 

treated by a dry ashing procedure at 110°C, mechanically homogeni

zed and analyzed with low-background gamma-spectrometer. 

RESULTS AND CONCLUSIONS From the results, shown in table 1, some pre

liminary conclusions could be drawn: 1) As a whole, the bulgarian 

Black Sea coast is contaminated to a lesser extent, compared with 

other regions of Bulgaria2• Only 10~u levels in plancton and micro

phytobentos are similar to observed in most plants from the landl 

2) The absence of 144ce in plancton collected in June-July 1986 is 

likely to be due to the relatively higher rate of remouval from the 

surface water column of this more particle reactive radionuelide. 

0 0 8 0 
l.C"\ 0 0 0 0 

;: co t-- 0'1 t-- t.r\ 

"' N N I \!) 

6 6 I I 6 1:.:1 0 0 0 0 0 0 0 0 
0 0 l.C"\ 0 "' 0 0 0 t-- co t-- 0'1 v t.r\ v "' co "' ~ t.r\ N t.r\ 

;: v N N 

0 
0 0 l.C"\ v ~ l.C"\ 0 "' ~ 

N v I 
\!) I t.r\ 

0 
I 6 I 

0'1 N 
~ 

0 l.C"\ t.r\ 0 

~ 
v t-- "' "' v 0 

"' "' rl.l 
0 l.C"\ t-- 0 l.C"\ 

~ co "' 0 0 
t--

...- N 
Ill "' I I N I 0'1 

E-1 

~ 
0 J., 6 I I 

~ t-- 0 0 N a\ v t.r\ ;: 0 "' l.C"\ 

"' \!) co t-- "' v "' t.r\ t.r\ ...-
til .- N v 0'1 ...-
rl.l ...... 

~ ~ 0 
0 0'1 a\ "' ;;:,. 0'1 ...... Ill \!) "' v v \!) 

J, 1:.:1 0' 0 I I I I I cb 0 P'1 v 0 0 t.r\ LC\ "' ~ t-- N t-- 0 v "' \!) a\ ...- "' co ...... ...- ,... N co 

~ E-1 g LC\ 0 0 ~ N 0'1 0'1 0'1 0'1 l.C"\ g 
~ 0 } I N "' v N t-- I 0 I 6 6 I 

0 g I 
A 0 0 0 \!) LC\ co ~ ~ ,... H ~ ~ 0 t.r\ co \!) N ~ co "' "' ..:1 ;: ~ v ...- N ,... 

l!il 0 rl.l 
..:1 

~ 1:.:1 ~ 
~ 

0 0 0 0 0 
E-1 H ; \!) \!) N oo:t N 

~ 
t-- I N I I N 

P'1 6 I I 
~ 0 v t-- co 0 0'1 0 l.C"\ 

~ co N N co N co co v 
§ H "' H 

~ 
0 

0 LC\ rl.l 0 0 
rl.l t-- 0 \!) v t.r\ 
H ..:1 <ll v v N ~ co N 

""' ~ 0 6 I I I 6 v 0 t.r\ 0 0 ~ ~ ;: ~ 0 v N 0 

~ N 0 
v 

rl.l ~ ~ 
H <ll oo:t N "' ~ 

0 co "' v 
:;;. 0 

I I I 

~ ~ 0 ;: E-1 ...- co "' glj co 
0 :E :;;:; 
0 8 .:f 0 

& <ll 

~ II: 

~ 
E-1 ~ f§ < 

* ~ 
+" 

0 ~- ~ < <ll 

~ 
.. 

~ ~ 
rl.l rl.l II: 

~ J 
P< ~ ~ 

< &i ~ 0 rl.l J9 0 P< rl.l * !iii rl.l 

i ~ 
0 § ~ ~ ...... 

~ 
~ A ~ ~ 

~ 
0' 

0 0 ~ rl.l 0 ~ P'1 
0 H ~ 0 H H 

* N =- t/) :a r:. ..:1 IQ t/) 

REFERENCES 1. Safety Series 75-INSAG-1, IAEA., Vienna, 1986 

2. "Results from the investigations on the radioactive contaminat.l

on of Bulgaria after the Chernobyl accident,CPUAE,Sofia, 1986 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

309 

X-III6 

The contribution of Fish consumption to the dose received 
by the Greek population due to the Chernobyl accident 

P. KRITIDIS*, H. FLOROU** and S. SYNETOS* 

• National Research Center for Physical Sciences •oemokritos•, 15310 Athens (Greece) 
•• National Center for Marine Research, 15310 Athens (Greece) 

ABSTRACT The concentrations of artificial radionuclides in lake 
and marine fish samples have been determined after the 

~~~:n~~~~ =~~i~:~!d.The related average and critical group doses 

INTRODUCTION The Chernobyl accident resulted in a considerable 
contamination of the Greek environment with 

fission and activation products. The major part of the 
radioactivity arrived in Greece early in the morning of May 2, 
1986. Due to the strong differences in the precipitation 
conditions, the activity deposition vary by 1 to 2 orders of 
magnitude in different regions of the Country, with maxima clearly 
correlated with heavy local rainfalls. The average deposition of 
the radioactive cesium is estimated to be 9± 3 kBq/m2 and regional 
averages up to 40 kBq/m2 have been measured in certain parts of 
Central Greece (1,2). By use of the data from the island and 
coastal regions we estimate the average deposition of total cesium 
to be of the order of 4 kBqjm2 for the Aegean sea (including the 
Cretian sea) and 2 kBq/m2 for the coastal region of the Ionian sea. 

EXPERIMENTAL Immediately after the accident and its early impact 
on Greece a sampling program was established in 

order to collect specific information c~ncerning the contamination 
of the marine environment. The program included also sediments as 
well as different species of marine biota. The main sampling 
period was May 5 to July 25, 1986 while some additional samples 
were collected on October 1986. The sampling has been implemented 
by use of the oceanographic ship "Aegaio" as well as of a 400 HP 
fishing motorboat, while some samples have been provided by the 
Piraeus fish landing. The samples have been measured in the wet 
state with the addition of formaldehyde for preservation, due to 
the special circumstanses (large number of samples, urgent demand 
for early information). The analysis has been done by use of two 
high-resolution gamma spectrometry systems (HpGe detectors of 20~ 
and 23~ relative efficiency and 2.0 keV FWHM at 1.33 MeV, 4096 
chan. analyzers and gamma spectrum analysis software support). 
Cylindrical and Marinelli geometries of 0.4 1 and 0.9 1 
respectively have been used. 

RESULTS and DISCUSSION The concentrations of Cs-137 in marine 
fish after the Chernobyl accident are 

of the order of 10 Bq/kg wet mass (mean value), higher typically 
one order of magnitude than those observed before May 1986 (3,4)
- The concentration-s of Cs134+Cs137 in lake fish are typically 
one to two orders of magnitude higher than those in marine fish. 
Nevertheless, the, 600 Bqfkg limit of the C.E.C is found to be 
exceeded in one sample only. 
-The relatively high values of Ru103 (160 and 1050 Bq/kg w.m.) 
Zr/Nb95 (120 Bqfkg w.m.) and Cel41 (120 Bq/kg w.m.) observed in 
fish flesh from two sampling stations probably could be due to the 
ingestion of hot particle(s), which are characterized by 
enrichement in non-volatile elements (5). It must be noted that 
the ingestion is not considered as a critical pathway for exposure 
to hot particles. 
-.The fluctuations of the observed values in fish concentrations 
are supposed to be due mainly to different bioaccumulation of 
the various species as well as to the different ecological 
parameters of each region. The data available do not allow a 
sufficiently valuable correlation with the local activity 
deposition. 
-The estimated doses due to fish consumption are given in Tab.!: 

TABLE 1. ESTIMATIONS OF THE EFFECTIVE DOSE EQUIVALENTS COMMITTED 
DUE TO THE CONSUMPTION Op FISH DURING 1986. 

Population Fish consumption Total activity Comm. efL 
group (kg) intake, Bq dose, J.iSV 

Average adult 8.3 92 (total Cs) 1.2 
Average child 10 yr 5.6 62 0.8 
Critical adult 17 3500 47 
Critical child 10 yr 11 2250 30 

The recently published IAEA conversion factors have been used in 
the above estimations. The members of the critical groups are 
supposed to consume purely lake fish with a rate 2 times higher 
than the average. Concerning the other radionuclides detected 
in the fish samples, we estimate that their contribution to the 
total dose is less than 30~. The values in Tab.! should be 
considered as overestimations as long as they have been derived 
under the assumption that the measured concentrations during June 
1986 were not changed till the end of this year. These values 
represent less than 1~ and 2.5~ of the total doses received by the 
average and the critical groups respectively. Therefore, we 
can conclude that the fish consumption has a minor contribution 
to the first year dose in a region located more than 1000 km 
away from an accidental radioactivity release to the atmosphere. 
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Resume 

A la suite de 1 'accident nucleaire du reacteur n • 4 de Tchernobyl le 
26 avril 1986 un programme d' etudes du devenir des radioelements 
associees aux retombees atmospheriques de 1 'accident a ete mis en 
place sur 1 •ensemble du domaine marin franc;:ais. Ainsi des echantillons 
d'eaux de mer, de matieres en suspension, de sediments et de 
bioindicateurs marins ( algues, phanerogames, mollusques, poissons ) 
ant fait 1 'objet de collecte sur plus de 30 sites du littoral 
continental et insulaire mediterraneen du bassin nord-occidental 
franc;:ais afin de mesurer les differents emetteurs gamma anthropogemes. 
ces mesures ( 3000 ) sent venues completer une base de donnees, 
denommee RADMED pour RADioactivite de la mer MEDiterranee, creee en 
1981 et renfermant des resultats acquis depuis 1975. L'exploitation de 
cette base de donnees permet auj curd' hui d' evaluer 1 ' impact des 
retombees atmospheriques suite a 1 'accident de Tchernobyl en 
comparaison avec les niveaux radiologiques assocJ.es aux rejets 
liquides faiblement radioactifs industriels chroniques et aux 
retombees atmospheriques dues aux essais d 'armes nucleaires d' armes 
dans 1' atmosphere de 1 'hemisphere nord dent le dernier date de 1979. 

L'analyse de !'ensemble des donnees au cours du temps montre que la 
totalite des indicateurs preleves: eaux de mer, sediments et 
bioindicateurs ant reagit tres rapidement a 1' introduction des 
radioelements is sus de 1 'accident de Tchernobyl par 1 • apparition 
brutale principalement de 144Ce, 141Ce, 137Cs 1 134Cs 1 125Sb, 110mAg, 
106Rul 103Ru. Cependant au cours des 30 premiers jours les niveaux de 
ces radioelements ant decrut de pres de 60 a 90%. Dans le cas des 
elements a vie courte comme le 1311, ces derniers ant disparus 
totalement en quelques semaines. En 1987, 18 mois apres !'accident, 
seuls 137Cs, 110mAg et 106Ru sent encore detectes regulierement dans 
les differentes composantes de 1 'environnement marin mediterraneen. 
Dans l'espace, la region franc;:aise la plus touchee se limitait a la 
portion est du littoral mediterraneen de Toulon a Monaco y compris le 
littoral corse. 

Dans les zones exemptes de tous rejets industriels faiblement 
radioactifs la modelisation des phases d' elimination des radioelements 
des organismes marins comme ~ .!U4 dans le cadre d' un Mussel 
Watch permet de quantifier les differentes periodes d I elimination 
biologiques et de les comparer avec celles obtenues dans le cadre 
d' experiences en situation de contamination chronique. Ainsi la 
modelisation de 1 'elimination des isotopes 103 et 106 du ruthenium 
conduit a des periodes biologiques inferieures de moitie en ce qui 
concernent la periode d'elimination la plus lente. Cette constatation 
laisse supposer que dans le cas de situations accidentelles 
ponctuelles la contamination des organismes est plus labiles qu' elle 
ne 1 'est dans le cas de situation de contaminations chroniques. 

L' echantillonnage des sediments non soumis a des apports telluriques 
importants montre une incorporation differentes des radioelements au 
sein de la colonne sedimentaire. Ainsi, au.cours du deuxieme semestre 
1986 et en 1987 le 106Ru, 125Sb, 144Ce sont detectes uniquement dans 
les 2 premiers em de surface des depots sedimentaires tandis que le 
137Cs et 134Cs penetrent jusque 10 em de profondeur. Au nivea:u des 
embouchures des ri vieres 1 comme celles du Var et de 1 1 Argens, les 
sediments .sent marques plus profondemment en fonction de 1' importc:mce 
des apports fluviatiles 1 mais en 1987 les teneurs en 137Cs de 
!'horizon centimetrique de surface diminuent par rapport a 1 'horizon 
sous-jacent 1 ce qui traduit des apports recents mains marques. 

Dans les zones soumises a des rejets industrials, comme l'estuaire du 
Rhone, 1' impact de Tchernobyl au sein des organismes marins n' a ete 
visible que pendant une courte periode de l'ordre de 90 jours pour les 
radioelements comme le 137Cs, 134Cs et le 106Ru eux-memes rejetes dans 
les effluents liquides faiblement radioactifs des installations 
nucleaires. Au sein des masses d • eau de 1' a ire de dilution rhodanienne 
1 'etude du 13 7Cs permet le trac;:age des eaux du Rhone dans 1' ensemble 
du Golfe du Lion qu' ell.e traversent suivant un axe nord-est sud-est 
jusqu'au Cap Bear. Au niveau de la colonne sedimentaire les mesures 
realisees sur des horizons centimetriques sur plus de 30 em permet· de 
visualiser les apports dus aux retombees de Tchernobyl des apports 
industriels. En particulier a partir du rapport 137Cs/134Cs, proche de 
2. 0 dans le cas des apports caracteristiques de Tchernobyl, 1' on peut 
etablir des taux de sedimentation dans la zone du talus prodeltaique 
de 1' ordre de 36 em; an qui correspondent a ce qui calcules par 
ail leurs. 

L'exploitation de la base de donnees RADMED permet done de ressituer 
1 'incidence des retombees atmospheriques de 1 'accident de Tchernobyl 
dans le contexte radiologique du bassin nord-occidental mediterraneen 
en situation normale. L'extension et;ou la comparaison avec d'autres 
bases de donnees devraient permettre de generaliser ou non certaines 
de nos observations. Ainsi la recherche de bioindicateurs utilisables 
sur 1 'ensemble de la mer Mediterranee, comme peut 1 •etre la 
phanerogame marine Posidonia ~ 1 pourrait aboutir a des 
standards permettant la comparaison des niveaux de contamination. 
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ABSTRACT 
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Sediment trap experiments have been used to .easure the vertical flux of 
artificial radionuclides at several locations in the northwestern Mediterranean. 
Radionuclides originating from the Chernobyl accident vere also aeasured and the 
mechanism for t.heir rapid vertical t.ransport. identified. Based on similar flux 
studies in the North Pacific, there is evidence that the behaviour of particulate
associated 241Am relat.ive t.o 239+240pu may be different: in Mediterranean wat.ers. 

INTRODUCTION 
Recent: biogeochemical flux studies have been instrumental in furnishing dat.a 

on t.he vert.ical flux of nat.ural and artificial radionuclides through t.he water column 
in the North Pacific and North Atlantic, however, to date similar information for the 
Mediterranean has been lacking. Data for several artificial radionuclides are now 
accruing from sediment trap studies carried out at selected sites in the northwestern 
basin and t.he Ligurian Sea. The overall goal is to establish rates at. which surface
introduced artificial radionuclides are transported through the water column to the 
bottom sediments. Preliminary results from these studies are reviewed here and com
pared with similar measurements from other oceanic areas .. 

RESULTS AND DISCUSSION . . 239+240 241g ve!!t!!:s~~=dF~:n~:.;i~~:mp~:~~:=' t~:;s t::~n:~:a~~~ a:~c~~~e: in a 65~u m and 

water column in the Lacaze-Dut:hiers Canyon, Golfe du Lion {Fowler et al., 1987a). 
Plut:oniua concentrations ranging from 0.6-1.4 Bq kg-1 dry were somewhat lower than 
those which have. been measured in samples from the open North Pacific; however, the 
average 239+240p., flux in t.he upper 315m, 7.4 mBq m-2 d-1, was one to t.wo orders of 
magnitude higher t.han has been found in t.he Nort.h Pacific due t.o t.he much greater 
mass flW<es {e.g. up to 13 g m-2 d-1) in the high energy environment of t.he Lacaze-

~::!e:~n~:nr~~B, ~o~~!~~ri:~e~~=~e~hh~!~~~Y d::o:~:i:~m~?~=~~l :a! ;o:;q h:,:Ja~:: 
be comput.ed for the 25-year period. This is in good agreement. wit.h t.he value of 78 
MBq Pu ~aa-2 calculated for fallout: during the same period at 43"N by t.he US Health 
and Safety Laboratory. However, from cores taken in the Golfe du Lion, the Pu inven
tory in the sediments is only about. 30 MBq Jaa-2. This suggest.s that. a subst:ant.ial 
fraction of the particulate-associated Pu is not retained in the sediments .. 

Similar measurements were made during the DYFAHED I experiment. {April-May 
1986) at a st.at.ion in t.he Ligurian Sea {Fowler et. al., 1987b). An automated time
series sediment. trap was moored 15 nautical mil;; Off Calvi, Corsica at. a dept.h of 
200 m in a 2200 m wat.er column. The six consecutive samples, each one set. to collect 
over a 6.25 day interval, cont.ained 239+240pu concent.rat.ions ranging from 1.6-9.6 Bq 
kg-1 dry. All samples were very rich in undegraded organic material with an average 
C/R rat.io of approximately 8. Corresponding plut.onium fluxes 0.17-1.1 mBq m-2 d-1 

were lower than those observed in the Golfe du Lion because of the much lower par-
ticle mass Jflwr in the Ligurian Sea. . 241 

Studies from t.he VERTEX Programme in t.he North Pacific have shown that Am, 
because of its greater reactivity with particles, is scavenged preferentially from 
the water column compared to 239+240pu {Fowler et. al., 1983; 1985). Activit.y ra
t.ios of 241AIIlf239+240pu as high as 3.0 have bee:;-me;;:sured in large particles from 
sedt.ent: traps at. depth. In contrast:, while 241Am also appears to be removed rapid
ly from the water column in the Mediterranean,. its relative reactivity compared to 
plutonium may be different. as ev;l.l!enced by much lower act.ivit.y rati.os of approxi
mately 0.1 to 0.4 in .t:rapped and suspended {Ballestra et al., 1981) particulates. 

During the DYFAHED I experiment., the Chernobyl ;;;;-cident. occurred on 26 April 
1986 which result.ed in t.he introduction of substantial amounts of artificial radio
nuclides into the Mediterranean region over the following few days. Sediment trap 
analyses for bot.h alpha and gamma emitters showed maximum downward fluxes through 
200 • approximately seven days after t.he peak radioactivity was delivered t.o the 
surface on 3 May. Fluxes in Bq ,.-2 d-1 t.hrough 200 111 during the period 8-15 tray 
averaged 1.3 for 95zr, 1.3 for 103Ru, 0.1 for 134cs, 0.2 for 137cs, 0.7 for·14tce, 
0.7 for 144ce and 0.003 for 239+240p.,. Microscopic examination indicated that most 
of t.he sinking particles were zooplankton fecal pellet.s. Concentrations of the same 
radionuclides in fecal pellets produced by copepods in the surface layers were simi
lar to levels found in the t.rapped particles confirming pellets as the prime con
veyors of radionuclide flux out: of the euphot.ic zone. 

Dry and wet fallout. ~~~easurement:s made at: Monaco during May 1986 were used to 
establish deposition inventories for several of the radionuclides {Holm et. al., in 
press). Coupling these ...,asurement.s with total int:egrat.ed flux of the Cheroobyl
derived radionuclides suggests that: up t.o 76'%. of 239+240pu and 50'%. of t.he Ce nuclides 
deposited in t.his region of t.he Ligurian Sea had passed through 200 m dept.h by 21 
May. For the less part.icle-react:ive 137cs, only 0.21. of t.he t:ot.al amount: deposit.ed 
had reached 200 111 by t.he same time indicating that. aost. of t.he 137cs inventory re
mained in the upper water column after the DYFAHED e:xperiment.. Similar studies 
carried out. in collaboration with the It.alian ENEA during the following July indica
ted t.hat: less part.icle reactive element.s such as the Ru and Cs nuclides were still . 
being t:ransport.ed by sinking part.icles at. all dept.bs down t:o 250 ,. off the coast. of 
La Spezia {Fowler!:.!.!!.!·, in prep.). However, no fallout. signal was det.ect.ed in bot
tom sediments at 500 m at the same site. This preliminary observation suggests the 
presence of a mechanism that considerably slowed the downward descent of these con
taminated particles in deeper waters and their eventual incorporation in bottom 
sediments. More cores from deeper waters are needed to discern the exact time frame 
for the vertical t.ransport: of Chernobyl-derived radionuclides in the Nort.hwest.ern 
Mediterranean. 
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X-III9 
Radlonucllde activity-depth profiles In sediments 

of the Gulf of Venice (Italy) 

M. FRIGNANI, L LANGONE and M. RAVAIOU 

lstituto per Ia Geologia Marina, CNR, Via Zamboni 65, Bologna (Italy) 

The use of radionuclides like Cs-137 and Pb-210 as geochronological tools makes 
it possible a quantitative investigation of present and recent sedimentation on 
continental shelves. 

In order to obtain the first data oo sedimentatioo rates and mechanisms in the 
area of fine sediment deposition in the Adriatic Sea north of the Po· delta, seven 
gravity cores were collected in September 1986. A Shipek grab was used at each 
station to sanple the superficial layers. Fig. 1 shows the sanple location& (5-7 km 
offshore). 

The cores were sectioned into 1-3 em thick slabs. Cs-137 activity was determined 
by direct gamma coonting of dried sediment using an intrinsic germanium detector and 
a multichannel analyzer. The Po-210 method was used for Pb-210 analyses, assuming 
secular equilibrium between the two isotopes. The dry density of samples was 
determined from the weight percent water COmp:lllitioo. 

Conparisoo between core and grab saBFles reveals that a small portion (a layer 
0.5-1.5 em thick) of superficial sediments was lost in most cases during core 
collection. This topmost layer, which is present ooly in core 57, should contain es-
137 and Cs-134 from the Chernol::¥1 accident. 

Fig. 2 shows the activity-depth profiles of Cs-137 and excess Pb-210 (over a 
backgroond of suworted radioactive lead of 0.7 dpn\lg dry weight) for core 35. 

Cs-137 depth profiles show some interesting similarities but are hardly 
interpretable. Generally speaking cores present at least three peak activities and 
this makes it difficult to assess even an awroximative chronology. 

Core 35 

Fig. 1 

Pb-210 

dpm/g 
2 

Cs-137 

Bq/kg 
o 4 a 12 

Fig. 2 

Furthermore significant illln.lnts of Cs-137 can be found at depths ~able with 
those of the excess Pb-210. This may be due to diffusion phenomena through the 
interstitial waters. The lack of similarity to the fallout profiles supports the 
hypothesis that the Cs-137 in cores originates from the river illplts. 

Since radioisotope activities in the superficial layer are oot homogeneoos we 
can exclude that mixing (bioturbation and resuspension) cx:curred in recent times. 
Moreover no significant presence of benthic fauna was noticed during grab 5a11Fling. 

Pb-210 depth profiles show an awroximately exponential decline with depth even 
if there are significant increases in coocentraticn at certain levels. This may be 
due to some variations of the sediment deposition rates and/or to inputs of 
particulate matter from different sources. Core 30, located off the harbour of 
Chioggia, shows the most irregular profile. 

At this stage it is ooly possible to cbtain awarent accumulatioo rates because 
we do not know yet the role played on modifying the profile by short time scale 
phenomena. The accumulation rates can be calculated from the slope of the 
semilogarithmic plots of activity versus depth, assuming a constant initial 
concentration of unsupported Pb-210 (Table 1). A constant flux model (Appleby & 
Oldfied, 1978) should give, in this case, more reliable data but accurate Pb-210 
inventories are needed. Moreover we are not sure to what extent the aSSUBFtioo of 
the two models are CO~~FBtible with the actual fenomenology. 

TABLE 1. - Apparent accumulatioo rates and radioouclide inventories in 
cores. 

exam ~~tes ~~) ~~ 

13 0.61 8.7 43.4 
18 0.96 14.8 61.1 
27 0.41 7.6 35.9 
30 1.04 20.5 77.7 
35 0.54 8.3 45.2 
47 0.54 16.7 88.9 
57 0.82 17.5 107.3 

( 'l Corrected taking into account the lost topn:lSt levels. 

Cores 13, 27 and 35 show ~210 inventories in the order of those derived from 
the fallout illplt (13-67 dpm/cm : Appleby & Oldfield, 1983). 

The highest sedimentation rates and inventories can be noted in the areas that 
are mostly influenced by riverine discharges and outlets of Venice lagoon. This 
areas turn out to be shifted soothwards with respect to the outlets: this has to be 
connected to the general circulation of Adriatic Sea (counter-clockwise), which 
diverts soothward the river plumes. The locatioos 47 and 57, for instance, seem to 
refer to Adige prodelta. 

These first cbservatioos will have to be COBFleted with. :ilrlependent indicatioos 
to identify and analyze the effects of discontinuities in sedimentation and shifts 
in sediment soorces. In particular mineral magnetic measurement (Oldfield & Appleby, 
1984) seems to .be the technique of choice to reveal stratigraphic anomalies. 

Appleby P.G. & Oldfield F. (1978) -catena, 5, l-18. 
Appleby P.G. & Oldfield F. (1983) - Hydrcbiol.", 103, 29-35. 
Oldfield F. & Appleby P.G. (1984) - Chern. Geol., 44, 67-83. 
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X-III10 
Characteristics of Chernobyl fallout 

In the Italian coastal marine environment 

A. DELFANTI and C. PAPUCCI 

ENEA, CRENSTE, C.P. 316, 19100 La Spezia (Italy) 

Abstract 

Following the Chernobyl accident, investigations were carried 
out, in order to characterize the behaviour of Chernobyl radionuclides 
in the Italian coastal environments. 

Introduction 

The radionuclides released by the Chernobyl accident were 
injected into the atmosphere with processes substantially different 
from those of nuclear tests. Consequently, the behaviour of these 
radionuclides might be considerably different from bomb fallout 
produced in the period 1945-85. 
Selected matrices were then analysed focusing on the 
accumulation/dilution processes of Chernobyl radionuclides in coastal 
environments. 
The existing National Network for the Survey of Environmental 
Radioactivity was used as the basis for sampling. 

Material and Methods 
Surface seawater was collected at an average depth of - 5 m. 
Particulate matter was separated using 0.45 u membrane filters. 
Sediments were taken with a Van Veen grab and with a modified Reineck 
corer ( Papucci et al., 1986). 
Mussels were sampled in a protected area of the La Spezia harbour. 
Some 500 g of soft parts were ana1ized each time on wet matter to 
avoid losses of volatile elements. 
Samples were subjected to gamma spectrometry using HPGe detectors 
connected to a computerized spectrometric system. 

Discussion 

In the Ligurian Sea, the maximum concentrations of Chernobyl 
radionuclides in surface seawater ( 475 Bqm-3 of 137-Cs and 290 Bqm-3 
of 103-Ru) were found in the first days of May 1986. 

Particle associated radionuclide from Chernobyl underwent a 
solubilization that was very rapid for Cesium and slower for Rutenium; 
this fact allowed a considerable fraction of Ruthenium isotopes to 
rapidly reach the sea floor in shallow water environments. After 3 
weeks contact with seawater only 2-5% of the radionuclides still 
present were in the particulate form. Similar behaviour was observed 
by Kempe & Nies ( 1986) in the North Sea and by Fowler et al. ( 1986) 
in the Mediterranean. 137-Cs activity in seawater dropped to 58 Bqm-3 
in June and 14 Bqm-3 in October (pre-Chernobyl value: 4 Bqm-3). 
Radionuclide concentrations in the Adriatic Sea were consistently 
higher than in the Tyrrhenian Sea. 

In the first days of June, most activity in shallow water 
sediments was due to Ruthenium isotopes; 6-12 months later about 10% 
of the Cesium isotopes deposited at the sea surface were found in the 
upper 2-4 em of sediment. 
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Maximum radionuclide concentrations in the soft parts of mussels 
were found 2-4 days after the maximum radionuclide deposition (137-Cs 
7 ·? ~q.k'?-1,w.w. ;103-Ru 235 Bq.kg-l,w.w.). From the radionuclide 
e~1minat1on curv7, a two compartment system was identified, with 
~~~l~~£~!~i~!lf fg~~f. of 2 and 63 days for Cesium and 2 and 14 days 
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Y-II 
Sediment trap for hard bottom community studies 

R. CATTANEO-VIETTI*, G. BAVESTRELLO*, M. FABIANO** and D. MEDICA** 

• lstituto di Zoologia, Universita di Genova, Via Balbi 5, 16126 Genova (ltalia) 
•• lstituto di Scienze Ambientali Marine, Universita di Genova, Via Balbi 5, 16126 Genova (ltalia) 

Resume 

Une methode pour l'etude de !'influence de la sE-dimentation sur 
les communautes de substrat dur est presenteew Dans ce but a ete 
realise un modele de piege a sediments approprie pour 
1 · echanti llonnage dans les eaux cotieres. 

Several authors have pointed out the trophic role of suspended 
matter for benthos (Smetacek, 1982), but this relationship was 
studied essen-tialy for soft bottom communities. 

The quali- quantitative composition of organic and inorganic 
suspended matter could play a significant role also in determining 
the structure and functions of the benthic rocky biclcoenoses. 

To study this less known aspect, samples of particulate matter 
in the water column and in traps placed along a cliff near the 
Portofino Promontory (Riviera Ligure di Levante) were carried out 
during an yearly sampling. The change of traps was effected bimonthly 
by diving. At the same time biological samples were collected to 
study the benthic community. 

Four non-cylindrical sediment traps were placed vertically at 
both 16 and 24 m depth in different situations of turbulence and 
water current. 

Smetacek v., 1982. The supply of food to the benthos. 317-343. In: 
"Flows of energy and materials in marine ecosystems - Theory and 
practice". Ed. M.J.R. Fasham: Plenum Press, New York and London. 
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8 

Fig. 1. The proposed sediment trap with baffle (A), rectangular 
funnel (B) and cylindrical collector(C)- Mea·~ures in 
centimetres. 

According to Sa to & Sawada ( 1979), funnel type traps are 
unsuitab.\e in shallow waters, because water movement strongly 
influences the sedimentation rate. Also the design is important: 
general! y funnels under trap while narrow mouths and wide bodies 
consistently overtrap (Gardner, 1980; Butman rt i!...!..,_, 1986) · 

The proposed trap (Fig. 1) has a square baffle of 400 em"' 
allowing the sediment to fall into a rectangular funnel with a 
mouth of 2 em x 20 em and eventt~ally into a 2 em ~, 20 long 
cylinder_ The ratio between height and mouth opening ( = 10) is 
important in deterrr·ing the particle retention and tc· collect also the 
silt and clay fraction. 
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An application of a portable current meter 

for flow measurements near bottom by scuba diving 

Maria Cristina GAMBI and Maurizio LORENTI 

Laboratorio di Ecologia del Benthos, Stazlone Zoologica "Antonio Dohrn" di Napoli, Ischia (ltalia) 

Hydrodynaaic forces have long b--. recognized ~o exer-~ a strong 
influence on dis~ribution and aorpho-functional adapta~ions of benthic 
organis•s- In this fr..-..ork, int...-.actions between -~...- 1110v-.,~ And 
benthos a~ the water-botta. int...-face are of -Jar i-.portance <Nowell 
lo Juaars, 1984). HDMev.r, due to ~he difficul~i- of p...-forainQ flow 
.. .asureaen~s on a ..,.11 scale, benthic studi .. usually do not include 
quanti~a~ive evalua~ions of this par ... ter. 

Aaang the different kinds of ins~ru-.nts available to aeasure flow 
on a s-11 spa~io-~eaporal scale, electra.ac;,netic current .. ters are 
probably the aos~ suitable for field studies. 

In the present paper we report ~he application of a bi-directional 
electraa.gnetic current -~er ( Karsh-McBirney 518 series 
ins~ruaen~sa 8S9S Sroveaant Circle, Baithersburc;,, "-ryland 
28877,U.S.A.) in a study on ~he flow dynaaics in seagrass beds. 

The charac~eristics of ~he Karsh ~Birney 588 series curren~ ..ters 
arer ability to .. .asure bo~h X and Y vwctcr coaponents of velocity in 
the horizontal planeJ fast respon- and/or lonc;,-tera averaving 
capability J s-11-sized spherical -.nscrs ( fro. 2 to Be• in 
diaaeter> that are easily handled by a SCUBA diver as well as by a 
boat operator-a and last, bu~ not least, they are relatively 
inexpensive. 

The sensor is connec~ed to the .. ter by a cable of suitable lenc;,th 
<Fig.l). Functionality of sensor is not affected by fouling fil- or 
con~acts wi~h botta. structures <e.c;,. seac;,rass leav .. >. The flow 
sensing voluae is a sphere abou~ ~hree tiaes that of the sensor 
dia .. ter J ~he veloci~y range detectable vari@lll between 8 and 
3l!llk:a/sec. 

One of us perforMed a preliainary se~ of ... sureaents using .adel 
~11 of the S80 series wi~hin a I~1mc~ ~cina bed and , as control, 
outside it in bare sands off San Juan Island <WA,U. S. A.) to evaluate 
the e-ffect of Zostera canopy on flow. The sensor, at~ached to a 
graduated rod inserted in~o the substrate, was placed, by a SCUBA 
diver, at varying distances froat the bo~ta. and fro. ~he Zostera 
canopy Orientation of the sensor was controlled by the div.r. 
Readinc;,s of ~he veloci~y coaponen~s <three ainutes fer each point> 
were recorded by the operator s~ationed on the boat (Fig.l). Veloci~y 

profil.. were dra..., fro. the -•sureaents so obtained (Fig.2). 
Veloci~y profil- are ext...-.. ly useful to define flow environ-.nt and 
ben~hic boundary layer f-~ures ( Vogel ,19B1J Nowell lo Ju-rs1 19B4). 
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Our r-ul ts were si ai 1 ar to those reported by Fonseca et al • 
(1983) and acre recen~ly by Eckaan (in press) who used a siailar 
procedure with the s ... current .. t...-. 

Other acxtels of the !588 ....-1 .. are suitable also for flu
laboratory studies, o~hers are equipped with a geoaac;,netic coapass and 
can be in~erfaced with autoaa~ic data recorders. 
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Y-13 
A simple and fast method to obtain rough density maps 

of the Posidonia oceanica beds 

Maurizio WURTz•. Nadia REPETIO .. and Giorgio MATRICARDI• 

• lstituto di Anatomia Comparata, Universita di Genova, Via Balbi 5, 16126 Genova (ltalia) 
•• Coop. CBM r.l., Villa Nasturzio, 16016 Cogoleto, Genova (ltalia) 

Maps of Pos~donia oceanica beds are usually realized by direct 

(SCUBA divers or exploratory submarines) or indirect observat1.ons 

(side-scan sonar or aeor ial photography). Both techniques present 

disadvantages: the first is time-consuming and hardly extensible on a 

large scale; the latter is too expensive for many users and gives no 

information on the conditions of the sea-grass bed (MEINESZ, CUVELIER 

and LAURENT, 19B1). We propose a method which integrates the less 

expensive echo-sounding techniques with a reduced number of 

underwater observation based on a statistical sampling design. 

Although echo-sounders have never been extensively used to map 

sea-grass beds, it is known that, besides depth, these instruments 

may give information on the characteristics of the sea bed itself; it 

is possible to recognize if it is smooth or rough, soft or hard and 

layers of sea-bed deposits may be also revealed (FORBES and NAKKEN, 

1972). Adjusting the ugain" and the "white line" intensities on the 

echo-sounder, we have identified a series of signals characteristic 

for the various densities and morphologies of the P. oceanica 

meadow .. Thus a map of the distribution of the meadow can be obtal.ned 

surveying the area with a systematic design on crossing profiles. The 

echoes with the same intensity and shape allow to identify a number 

of homogeneous strata in the distribution; subsequent! y applying a 

stratified random sampling design, it is possible to plan a reduced 

number of underwater observations on the descriptive parameters of 

the meadow. The statistical background of this survey provides the 

measure of the standard errors of the estimates within each statum, 

and thus it is possible to plan new underwater observations where the 

uncertainty is too high .. A precise and more informative map of the 

measured parameters is then drawn with low cost. In fact the described 
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method requires only the following tools: a small boat, a compass, a 

small or portable recording echo-sounder, the SCUBA-dl.ving equipment 

and bathimetric charts of the area to be mapped (1:25000 scaled 

more detailed). It would be better if the depth contour spacing 

the charts were 5 meters at least, between 0 m and 50 m depth~ 

The figure reports, as an example, the map drawn up by the 

echo-sounder records of the P~ oceanica meadow off Cogoleto 

(Genova. Ligurian Sea); the map was obtained in twa days work during 

the summer 1986 tram thirty, 100m spaced parall.ei prof1les. 

Normalized symbols (MEINESZ et al., 19B3) have been used. 
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Note prellmlnalre sur Ia vegetation marine 
de l'ile de G6k~eada (mer Egee-Nord, Turqule) 
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• lnstifut des Sciences et Technologie Marine, Universite de Dokuz EyiOI, P.K. 478, lzmir (Turquie) 
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Abstract : 

112 seaweeds and three seagrasses were determined during these 
studies. These were distirbuted as 66 species of RHODOPHYTA, 23 
species of PHAEOPHYTA, 18 species of CHLOROPHYTA and five species of 
CYANOPHYTA where these were made of 58.92%, 20.53%, 16.07%, 4.46% 
percentages respectively of the total. 

La vegetation marine benthique de 1 1 ile de Gokgeada est tres 
peu connue. Ce travail donne un bref apergu sur les reparti tions des 
especes vegetales que 1 1 on peut rencontrer au niveau des etages 
suprali ttoral, medioli ttoral et de l 1 horizon superieur de 
1 1 infrali ttoral. 

L 1 ile de Gokgeada, qui est la plus grande ile de Turquie en 
Mer Egee, se si tue pres de 1 1 entree du detroit des Dardanelles dans la 
partie nord de cette mer. 

Les reparti tions des especes marines de cette ile sont 
influencees par des eaux mains chaudes et moins salees (de 11°C a 13°C 
en Hiver, de. 20°C a 22°C en Ete pour la temperature de surface, de 
30%o a 35%o pour la salini te de surface) originaires de mer Noire. 
Tandis que dans la partie sud de laMer Egee la temperature (de 15°C a 
16°C en Hiver, de 20°C a 23°C en Ete) et la salinite die surface (de 
38%o a 39%o) sont plus elevees. . 

Nos recoltes ont ete effectuees entre 1972-1973 et 1986-1987 
d 1 une maniere saisonniere dans les quat res stations (Fig: 1; ZEYBEK, 
1973). 

Au cours de ces t·ravaux, nous avons determine 114 especes 
d' algues et 3 phanerogames marines. Les reparti tions de ces especes 
danS differentS grOUpeS ant ete preSenteeS SOUS fOrme d I Un tableaU • 

D' apres ce tableau, 66 especes de Rhodophycees, 23 especes de 
Pheophycees, 18 especes de Chlorophycees et 5 especes de Cyanophycees 
constituent respectivement 58.92%, 20.53%, 16.07% et 4.46% du nombre 
total d' especes denombrees. 

Groupes 
d 1 algues 

CYANOPHYCEAE 
Chroococcales 
Hormogonales 

RHODOPHYCEAE 
Bangiales 
Acrochaetiales 
Nemalionales 
Gelidiales 
Gigartinales 
Cryptonemiales 
Rhodymeniales 
Bonnemaisoniales 
Ceramiales 

PHAEOPHYCEAE 
Ectocarpales 
Sphacelariales 
Die tyotales 
Chordariales 
Fucales 

CHLOROPHYCEAE 
Ulvales 
Siphonocladales 
Dasycladales 
Codia1es 
Caulerpales 

Nombre 
d' espece 

4 

3 
6 

13 

35 

3 

Tab.1-Repartitions des algues dans 
les groupes systematiques. 

Fig.1- Emplaceman1:s des stations 
et carte de la region. 

(St.l- Kalekoy, St.2- Kuzuliman~ 

St .3-Ayd~nc~k,St .4-Tuzgtilli civar~) 

La repartition verticale des especes caracteristiques des 
differents etages ressemble beaucoup a celle observee dans les autres 
endroits des c8tes turques de laMer Egee (CIRIK, 1978Y. Mais pourtant 
les especes a affini tees chaudes, appartenant en particulier aux 
genres Liagora, Amphiroa, Sargassum, Valonia sont mains frequentes. 

D 1 autre part, la trentaine d' espece existante egalement en Mer 
Noire su·i t une bonne repartition sur les c8tes de cette ile. 

REFERENCES: 

CIRIK, :;?. , 1978 - Recherches sur la vegetation marine des c8tes 
turques de la Mer Egee. Etudes particulieres des Peysson
nell:acees de Turquie. These de 3• cycle, Univ. de Paris VI. 
1-172, 27 pl. 

ZEYBEK, N.,1973-Algues marines de Turquie: a-Mer Egee, baies d'Edremit 
et de Saros, b-Mer Noire, c8tes de :;?ile-t~neada (en turque) 
Project No:TBAG-78 TUB1TAK,ANKARA 
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Comparison of the benthic fauna of three Aegean Islands 

D. XENOPOULOU, K.N. PAPAOOPOULOU and A. NICOLAIOOU 

Zoology Laboratory, Athens University, Panepistimiopolis, 15784 Athens (Greece) 

'the benthic fauna of shallow soft substrata was studied on three islands of the 

Northern Sporades in the spring of 1985. Four sites were visited on the island of 

S;<iathos : a very exposed site in Aselinos (Asl - As3) on the northwest coast, two 

less exposed beacnes in Koukounaries (Kl - K3) and Aghia Paraskevi (Al - A3) facing 

stnlth and a sheltered site in the bay where the harbour is found on the southeast 

coast ( Pl - P3) • At those sites samples were taKen at 5, 7 and 10 m depths with a 

0.05 m2 Ponar grab. On the island of Pelages, one site was sampled in the very en

closed bay of Planetes (F) at 10 m depth, while on the island of Yioura one site 

(El - 23 m depth) was located on the very exposed east coast and another (E2 - 16m 

depth) more sheltered in a sraall bay on the south coast. Sampling on the last two 

islands was carried out by a 0.1 m2 van Veen grab. Two samples were obtained at 

each station. The diversity was calculatj'ld using the index of Shannon-Wiener. The 

results were submitted to a Detrended Correspondence Analysis using the computer 

program DECORANA (Hill, 1979). 

The sediment consisted of sand in all stations except for El where it was muddy 

gravel and for F where it was finer consisting of muddy sand. In stations Pl, P2 

and Kl it contained a large proportion of shell fragments • 

212 species were identified on the whole of which only one, ~~~:!:~~-~:!~:!:!:::! 

was found on all the islands. Yioura and Pelages had 2 species in common, Skiathos 

and Yioura ll species and Skiathos nad 21 species in common with Pelages. The total 

number of species found on each island were 33 on Yioura, 46 on Pelages and 166 on 

Skiathos. In all stations, except for the Aselinos where the Mollusca d0111inate, the 

polychaetes dominate in both number of individuals and species. The second numerous 

group in the Aghia Paraskevi site and Yioura are the crustacea whereas in the Pla

netes and the rest of Skiathos stations are the mollusca. The less numerous group 

in all stations are the echinodermata. Species with wider distribution and greater 

density on Sl<iathos were ~:!:!:=~~~.-2:~<:~:!:~~ (found at 66 % of the stations and 

with maximum density of 210 inds./m 2 at st. P2), ~.:-~!:::o;:g:!:~ (66 %, 200 inds./m2 

N STATION H' J 
Ill 

"M E2 Pl 4.58 0.94 
• • P2 4.89 0.88 

P3 5.08 0.90 
Kl 5.69 0.94 

E1 K2 4.99 0.90 
A2 • A:1.As2 K3 5.31 0.93 

•K3 Al 4.67 0.82 

p~!-i.A~1 •As3 A2 4.53 0.83 

P2e K2 A3 4.92 0.91 

F•p Asl 3.06 0.80 
As2 2.82 0.85 

axis1 As3 2.05 0.55 
El 2.52 0.90 

~~~=-! Ordination of stations. E2 3.64 o. 76 
Axis 1 plotted against Axis 2. F 4.49 0.81 

at st. K2), ~~~!:?~':!~-~~ (75 %, 160 inds./m2 at st. P2), ~~-~!~~ (75;., 

350 inds./m2 at st. All and ~~!dea_<:~!! (75 %, 270 inds./m2 at st. A2). The 

above species were practically absent from Aselinos were the dominant species was 

the mollusc ~~~~~-~~ with densities as high as 360 inds./m2
• In Yioura 

the r.10st abundant species were the polychaetes !SO:~~~=~~~ with 320 inds./ 

m2 and~~~~~~-~~!~ with 250 inds./m2
• In Pelages, finally, the most abundant 

species were ~:=!..~astus _later~=~ . ( 280 inds ./m2
) and ~!~~=!lli ( 220 inds ./m2

) • 

The diversity ranged from 2.05 in station As3 to 5.69 in station Kl. In general 

it was lower at the n10st exposed sites and greater at the sites with intermediate 

exposure (Table l. ) . 

In the correspondence analysis tne first two factors had considerably higher 

eigenvalues, 0. 731 and 0.515, and were the only ones taken into consideration. 

Plotting of the two axes in Fig.l. shows that the most exposed stations in Aseli

nos have higher values on Axis 1 while the most sheltered in Planetes bay have the 

lowest values. It is suggested that Axis 1 represents exposure to wave action. 

Axis 2 appears related to sediment characteristics. A Spearman Rank Correlation 

between the percentage of sand and the scores on Axis 2 was significant at the 

O.OOS<P<O.OOl level (r=O. 704). Thus, the main factors of variability in the fauna 

were exposure and percentage of sand in the sediment. The analysis did not separate 

the islands between them which suggests that the differences in their fauna are not 

as much due to their geogra[:hical separation as to the difference in their geomor

phological characteristics. 

~=~~=~'=~ 
fliLL, M.O., 1979. Decorana - A Fortran program for detrended correspondence 

analysis and reciprocal averaging. Cornell Univ., Ithaca, New York, 30 pp. 
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Considerations blogeographlques 
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Marco ABBIATI***, Carla MORRI***• et Adriana GIANGRANDE*** 

• Dipartimento di Biologia Animale, Via deii'Universita 4, 41100 Modena (ltalia) 
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ABSTRACI' - BIOGEOGRAPHICAL OBSERVATIONS ON THE POLYOIAETE FAUNA OF THE CAPRAIA 
ISU\ND (TUSCAN ARCHIPELAGO, ITALY) 

Ninety-two polychaete species were collected on rocky bottoms 0 to 10 m depth. 
Besides to a large number of cosmopolitan species, thenoophile species are more 
abundant than boreal ones, in contrast with what observed in deeper soft bottoms. 
This suggests the hypotesis that the shelf habitats of the Tuscan Archipelago 
already exhibit a "Ligurian" character, due to the general water mass circulation, 
while the littoral ones are still "Tyrrhenian", thanks to a warmer winter climate. 

Capraia (lat. 43° 2' N, lon. 9° 49' E) est une des petites iles de l'Archipel 
Toscan les plus t!loignt!es du continent; sa position a la limite entre mer Ligure 
et mer Tyrrht!lnienne, rend intt!lressante son t!tude biogt!09raphique. Des rt!lcoltes de 
polycht!tes sur les fonds rocheux entre le mt!solittoral et 10 m de profondeur 
(ABBIATI et alii, 1986; CASTELLI et alii, 1987) offrent l'opportunitt! d'une t!tude 
de ce type. 

Les 92 es~ces rt!coltt!es au total ont t!tt! st!parl!es groupes 
bi09t!ographiques difft!rents, a savoir: 
-large distribution ("cosmopolites"): espt!ces panoct!aniques ayant une large 

distribution latitudinale au mains dans un des oct!ans. 
- circumtropica1es: es~ces panoct!aniques prt!sentes essentiellement dans 1es 

rt!lgions tropicales, dt!lbordant de fa~on plus ou mains accust!le dans 1es zones 
tempt!rt!es-chaudes. 

- endt!miques mt!diterrant!ennes: a la suite de TOR'K."NESE (1985) on considt!lre dans 
cette catt!gorie les es~ces reportt!es seulement pour 1a Mt!diterrant!e au sens 
strict; on les qualifie de "prt!sUlllt!les", parce que la distribution de beaucoup de 
ces espt!lces n • est pas encore suffisaDIIII!nt connue. 

- atlantico--mt!diterrant!ennes: es~ces endt!miques de la province 
atlantico-mt!diterrant!lenne, comprenant - d'aprt!ls FREDJ (1972) - les rt!gions 
lusi tanienne, maurt!tanienne et mt!di terrant!enne s. str. 

- bort!ales: es~ces qui rejoignent les cOtes nord-europl!ennes. 
- indopacifiques: es~ces connues de la mer Rouge, de l'oct!lan Indien et/ou du 

Pacifique occidental. 
- divers: sent cumult!es dans cette catt!gorie les es~ces ayant des aires de 

distribution disjointes pour les causes les plus varit!es (cas d'introduction 
favorist!e par l'homme, de confusion d'espt!lces voisines mais difft!rentes, ou bien 
rl!parti tions larges insuffisamment connues) • 

Les rt!sultats (voir tableau) montrent la large dominance d'espt!ces a large 
distribution et un nombre d'endt!miques trt!ls rl!duit, ce qui semble ~tre frt!lquent 
chez les Polycht!ltes (RULLIER, 1958); trois de ces endt!miques sent des espt!lces 
nouvelles (appartenant aux genres Auto~, 'N.abpteA.ei4 et Oll.l_ofM.W) qui seront 
dt!lcrites dans un travail ultt!rieur. 

Bien que dans le cadre d'une affinitt! atlantico--mt!diterrant!enne accust!e, 
typique pour la Mt!diterrant!e nord-occidentale, les espt!lces a affinitt!l froide 
(bort!lales) sont en nombre plus faible que les es~ces a affinitt! chaude 
(indo-pacifique& plus circumtropicales ). Le nombre t!levt! d'espt!lces thermophile& 
est surtout dQ aux syllidiens, qui sont toujours le groupe dominant sur les petits 
fonds rocheux littoraux de Mt!diterrant!e, et correspond a ce qu'avait nett! SAN 
MARTIN ( 1984) aux iles Balt!ares. 

Cette affinitt! chaude, d'autre part, est en contradiction avec les 
observations de ALBERTELLI et alii (1984) qui, dans le benthos des fonds meubles 
sublittoraux de capraia, trouvent une faune lusitano-bort!lale; par contre il est en 
bon accord avec la tendance des phytosociologues de reconna1tre une flare 
thermophile chez les algues des c6tes de 1' Archipel Toscan et de 1' He voisine de 
Corse. Ces difft!rences confirmerit le r6le de plaque tournante bi09t!09raphique que 
joue 1' Archipel Toscan entre mer Ligure et mer · Tyrrht!lnienne et suggt!lrent 
l'hypotht!lse que les eaux de fond du plateau appartiennent dt!ja au circuit ligure, 
tandis que les eaux superficielles sent encore tyrrht!lniennes, jouissant d'un 
refroidissement mains accust! pendant l'hiver. Cette hypotht!lse devra ~tre vt!lrifit!le 
lors de nouvelles recherches t!tendues a des groupes difft!rents. 

I Espt!ces I No I % I 
1------------1-1--1 
I Prt!lsUlllt!les endt!miques mt!di terrant!ennes I 9 I 9. 78 I 
I Atlantico--mt!diterrant!ennes I 15 I 16.30 I 
I Bort!lales 1 14 1 15.22 1 
I Indo-pacifiques I 11 I 11.96 I 
I Circumtropicales 1 10 1 10.87 1 
I Large distribution I 30 I 32.61 I 
I Divers I 3 I 3.26 I 
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ABSTRACT - STRUCTURE OF MIDLITroRAL POLYCHAETE COMMUNITIES IN REIATICN WITH 
EXPOSURE IN A SMALL MEDITERRANEAN ISLAND 

Although the communities in exposed areas have the highest number of 
individuals, those in intermediate situations are the most diverse. Algal cover 
could play an important role too. 

L'exposition joue un rOle fondamental dans la zonation des cOIIIllllllaut!s 
li ttorales ( LE.WIS, 1964) ; les petites iles se pr~tent bien aux !tudes qui prennent 
en compte l•importance de !'exposition, !tant donn! qu'elles offrent, dans une 
aire g!Ographique restreinte, toute la gamme des diff!rentes expositions. En outre 
elles jouissent, en g!n!ral, d'une faible charge anthropog!nique. 

Le but de ce travail est de v!rifier les modifications des peuplements 
d'Ann!lides Polych!tes de la roche mediolittorale auteur d'une ile de l'Archipel 
Toscan: Capraia (lat. 43" 2' N, len. 9" 49' E). Les vents dominants sent le 
mistral (NO), le sirocco (SE) et la gr!cale (NE). (Fig.l). 

Fig .1 - Ile de Capraia et empla
cement des stations; sent super
pos!es les fr!quences % des 
vents (Istituto Idrografico del
la Marina - Genova) • 

N 
~ 

I e km 
~----~·~.----L-Tj--~1 

10 20 

Pour !valuer !'influence de ces differences d'exposition, nous avons choisi 4 
stations (Fig.l): F (Foillliche), R (cala Rossa), M (cala Moreto) et E (cala 
Ergastolano); les stations ant !t! fix!es sur des parois rocheuses verticales, 
trois expos!es aux vents dominants (F, R et E) et une dans une zone plus abrit!e 
(M). Les stations F et R, les plus exposees, !taient caracterisees par la presence 
du trottoir a Uthop'u;.Vum :to/l.-tuo-1wn, qui manquait au contraire a la station M; la 
stat.E, bien qu'orientee au NO, !tait toutefois placee dans un endroit 
relativement abrite et le trottoir n'y etait pas d!veloppe. 

Les pr!levements ont !te effectu!s par grattage d'une surface de 400 cm2 

chevauchant le "z!ro biologique", !tabli sur le terrain d'apr!s le crit!re 
phytosociologique propos! par BOUIXlURESQUE et CINELLI ( 1976). 

Les modifications structurales des peuplements de Polych!tes ont ete evalu!es 
sur la base du nombre total d' individus (N), de la richesse sp!cifique (S) et des 
indices de diversit! de Shannon-weaver (H'), d'!quitabilit! de Pielou (J) et de 
variet! sp!cifique de Margalef (D). Des precisions sur les methodes, aussi bien 
que la liste des especes r!coltees, sont pr!sent!es par ABBIATI et alii (sous 
presse). 

Les donnees obtenues sont r_eportees dans le Tab. I. Elles mettent en !vidence 
que la relation entre structure et exposition est complexe et, appare11111ent

1 parfois contradictoire; toutefois, on peut en tirer quelques indications. 

Tab.I - Valeurs des par~tres structuraux dans les quatre stations. 

stat. N H' J D 

F 740 20 2.15 0.49 1.99 
R 485 15 2.26 0.57 1.57 
M 206 14 2.50 0.65 1.69 
E 465 23 2.99 0.66 2.48 

Le peuplement de mode plus calme (stat.M) est moins riche, soit en individus 
(N) soit en especes (S), par rapport _a ceux de mode battu, bien que le nombre 
d'especes soit faible m@me a la stat.R. La richesse du peuplement de la station la 
plus battue (stat.F), surtout en ce qui concerne le nombre d'individus, est due a 
1 'explosion numerique de quelques especes (notamment 'Platyn_e;zei.A dume;z.i_l_il_), plus 
tol!rantes a 1 '!gard du facteur hydrodynamique, la di versi te etant faible. Au 
contr:aire, le peuplement le mieux structure est celui de la station moderement 
expos!e ( stat.E), oo les valeurs de diversit! (H'), aussi bien que celles des 
composantes d'!quitabilit! (J) et de variete sp!cifique (D), sent les plus 
!levees. Il semble possible de conclure que les conditions intermediaires sent les 
plus convenables, ne presentant ni le stress hydrodynamique des zones trop 
battues, ni l'insuffisance de !'humectation qui peut se verifier dans les zones 
les plus calmes. Il faut rappeler, neanmoins, que les differentes couvertures 
algales (trottoir oppose a algues molles) peuvent jouer un rOle tr!s important 
pour la faune vagile (dent les Polychetes), limitant !'influence de 
l'hydrodynamisme par la creation d'abris differents soit au choc des vagues .soit a 
la d!shydratation. · 

BIBLIOGRAPHIE 

ABBIATI M., BIANCHI C.N., CASTELLI A., G~E A. et LARDICCI C., 1986 -
Distribution of Polychaetes in hard substrates of the 
midlittoral-infralittoral transition zone, Western Mediterranean. Proc. 2nd 
Int. Polychaete Con£., Copenhague (sous presse) 
~ C ·F. et ~Iz:'ELLI F. , 1976 - Le peuplement algal des biotopes 

sc1aph1les superfl.c1els de mode battu en Mediterranee occidentale. Pubbl. 
Staz. Zool. Napoli, 40 [ 1976] : 433-459. 

LEWIS 1~3~3: 1964 - The ecology of rocky shores. English University Press, London: 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 

318 

Y-115 

Bryozoalres actuels et fosslle$ 
de quelques regions de Ia Grece lnsulalre 

G. GANIAS etA. MARCOPOULOU-DIACANTONI 

Universit~ d'Athenes, D~partement de Biologie (Zoologie) 
et Departement de Geologie (Geologie et Paleontologie), Panepistimiopolis, 15784 Athenes (Grece) 

Note prtHiminaire sur les r~sultats de comparaisons entre 
une s~rie d' ~chantillons de faune bryozoologique actuelle ( !tle d' 
Othoni) et passl§e (Cr~te centrale et orientale principalement et 
Lefkada,Aegina,Kythira et Milos accessoirement) (Voir Tableau). 

I. Pr~l~vemen ts. 

Othoni:Prt!l~vements sur plageJ formes encrolltantes: 96,5%, 
!rig~es: 3, 5%. -Cri!!te: S~diments de Mioci!!ne superieur (Tertonien) : 
spGcimens en ma)orlt~ !pizoaires (s\lr Clypeaster et Ostrea): f. 
encrolltantes:75%,!rigl!es: 25%.La pr~domlnance de formes clrcum
littorales ainsi que la faune accompagnante (Echinides,Mollusques, 
etc) indiqueraient un climat tropical-subtropical..,.Lefkada, loca
litl§ Vassiliki:Marnes bleues mioc~nes (Tortonien) :f.encrodtantes: 
100% .MAmes indications en ce qui concerne les conditions clima
tiques. -Aesj}

0
a, local. Aghia Marina: Marnes plioc~nes :f. en croll tan

tes: 1 00%. In cations: climat tropical-subtropical, facii!!s calme. 
-~*{hira, local. Platia Ammos: Marnes j aun! tres plioci!!nes: f .6rigl§es 1 
1 : acii!!s bien agiti!.-Milos,local.Apollonia et Sarakinike:SI!-
diments plioci!!nes (super :7):7. encrolltantes: 57% ,6rigl§es et libres: 
4 3%. Indications ( faune accompagnatr. :Mollusques, Brachiopodes, 
Spongiaires,etc) :climat temp!rl§. 

FORME I _L E 
I < ;Z 1<.1 ..: ;:JI<.l 1<.1 H c 

OE-< 1<.1 z < H E-< ~ 
~~ (!) 0 :<: :z: Iii H :z: "' E-< i;'l No F A U N E ZE-< ~ E-< 1<.1 >< u 
r.:l r.:l 0 ...:1 :<: ...: 

Cyclostomata 

1 Cardioecia watersi + + 
2 Diaperoecia major (J) + + + + 
3 Diaperoecia tubulosa + + 
4 Diplosolen obeli.um + + 
5 Frondipora verrucosa L. + + + 
6 Hormera cf. frondiculata + + 
7 Idmidronea sp. + 
8 Idmidronea cf.atlantica + + 
9 Lichenopora (Oisporella) hispida (Fh. ) + + + 
10 Lichenopora radiata + + 
11 Plagioecia patina + + 
12 Tubulipora plumosa + + 

Cheilostomata 
a) Anasca 

13 Aeta sica (COUCH) + + 
14 Calpensia nobilis (E.) + + + + 
15 Cellaria salicicornioides (L.) + + 
16 Copitozoum tenuirostre (H.) + + + 
17 Cibrilaria innominata + + 
18 Cupuladria canariensis (B.) + + 
19 Micropora papyracea (R.) + + 
20 Parellisina curvirostris + + 
21 Scrupocellaria scruposa + 
22 Srnittipora disjurcta + + 
23 Spiralaria gregaria + + 

b) Ascofora 

24 Adeonella pallasi (R.) + + 
25 Escha:tina sp. + + 
26 Escharina vulgaris (M.) + + 
27 Hemisrnittina elongata + + 
28 Hippaliosina depressa + + 
29 Hippopodinella lata (B.) + + 
30 Margaretta cereoides (E.8'S.) + + + 
31 Metrarabdotos rnoniliferurn + + 
32 Microporella ciliata (P.) + + + 
33 Porella sp. + + 
34 Porella tubulifera + 
35 Reptandeonella violacea (J.) + + + 
36 Rhynchozoom sp. + + 
37 Schizomavella auriculata (H.) + + 
38 Schizornavella labiata + + 
39 Schizoporella unicornis (J.) + + + 
40 Schizoporella sp. + + 
41 Sertella sp. + + 
42 Sertella complanata + + 
43 Srnittina cheilopora (R.) + 
44 Smittoidea reticulata + + 
45 Turbicellepora arnata + + 
46 Turbicellepora coronopusoidea + 
47 Turbicellepora sp. + + 

II .Discussion. 
A.Se rU$rant 1! HARMELIN J.G. (1968) et A HAYWARD P.J. (1974) 1 

en relevera: 1. La prl§sence 1! Othoni de 4 endl!miques de la Ml§
diterranl§e orientale et de la zone de Madire (Nos 17,22,24,28) 
et d'une de M6diterran6e (No23 1HARM.) ou 2 (No 30,HAYW.). 
2. Une espi!!ce indo-pacifique suivant HARM. ou end!mique rnAdi terr. 
encore, sui van t HAYW. 3. La pr6sence d' HiSboLdinella lata (No2 9) 
en Cri!!te, espi!!ce des rAg ions templ§r!es r ales, di!ls Ie11'ioci!!ne 
sup. ,ce qui ne s' accorderait pas avec 1 'hypothise de HAYWARD 
qui placerait 1 'entr!e en M6diterranl§e des espices ternpl§rl!es 
borl§a,les au Pliocine. B.Des comparaisons portant sur 5 espi!!ces 
prl!sentes 1! Oth6ni tout comme dans des s6diments fossilifi!!res 
des autres !tles (Nos 2,14 1 19,30, 32) n 'ont pas mis en !vidence 
des diffl§rences morphologiques et anatomiques essentielles. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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Y-II6 
Congruences phytogeographlques 

des communautes benthiques des iles mlneures de Ia Siclle 

P. COLONNA•, D. DRAGO•, R.M. GERACI•, A.M. MANNINO·, L. MARRA•, 
C. SURIANO•, G. GIACCONE••, M. SORTINO• 

• Dipartimento di Scienze Botaniche, Universita, Palermo (ltalia) 
•• lstituto di Botanica, Universita, Catania (ltalia) 

Abstract:A study of the syntesis of the researches on the benthic conununities of til•"" 

smaller sicilian isles has revealed their phytogeographical features. The result i "" 

flora is composed of 663 species and 60 minor taxa of these species.The chorologir:il 

analysis together with the R/P value of the different isles,has made possible " vnlwc 

tion of the r-eles of these- isles in th~ ~hytogentn":t"Phical characteri7.flti0n 0f thP :-::r•.")·· 

surrounding Sicily though a comparison with Sicily and the entire Mediterranean h~~i n. 

Au cours des dernieres vingt. .•• ~nnGes la v€g€:tation des iles rnineures de 1::1 

Sicile,a ete etudiGe amplement par les auteurs,cornme le prouvent les prec?.dente~ rf>f"'I!P:_' 

ces qu' ils ont effectuees sur chaque aire prise en consid€ration: Iles F..gades ( Gin("cnnr 

G. ,Sortino M. ,1974) ,Ile d'Utique (Giaccone G. ,1967;Giaccone G.et alii,l985) ,Iles 

Eoliennes (Giaccone G.,l969),Iles de Malte (Cragg A.,1965),Iles Pelages (Cinelli F'. ~~ 

alii ,1976), Ile de Pantelleria inclus les banes de vieille Pantelleria,Scherchi, TRl bnl 

_(Giaccone G.et alii,1973;Calvo S.,Sortino M.,l979). 

La flare des lles mineures est composee par 663 especes et par 60 taxa i.nfPri ~"nt·:~ 

8. 1' especes ( sous-especes, varietes et formes) ,dont 84 sont des especes pas signalPP~ 

en Sicile.Dans son ensemble,la flare ne s'eloigne pas de celle de la Sicile (85R P.SJII':. 

ces et 97 varietes) et a peu pres 76% des especes vegetales sent en connnun aux 

iles mineures et a la Sicile. 

Il y a des differences significa.tives dans la consistance floristique des rli vnr;. 

plans de la vegetation a cause de la diver~itP. des biotopes causes par divers fA.ct;r>!Jt':'~ 

climatiques et Bdaphiques presents dans les secteurs biogOOgraphiques oU les iles !~'"' 

trouvent (Giaccone G.,Sortino M. ,1974). 

En comparant les ri§gions phytog€ograph1ques des especes siciliP.nnes avP.C' ~p 11 ... ;. 

d~s especes .retrouv€es dans les iles mineures on ne remarque pas de diffi§rent':AS :~ppt'l' 

ciables. L' endemisme mediterrani?.en a valeurs comparables en Sicile ( 25. 7%) et dans 1 "'~ 

iles mineures ( 24. 5%) .Dans les iles Pelages on a la valeur la plus basse en especes 

atlantiques {45.6%) et la plus elevee en especes indopacifiques (2.14%) a l'egard de 

celles des autres iles,en mettant en evidence le caractere oriental de la mer Afri 

caine. 

Pour ce qui cone erne 1' ile de Pantelleria et les iles Egades on observe l'< va 

leur la plus elevee des especes atlantiques (plus de 50%) et une valeur relati verne;,!. 

basse des endentismes m€diterraneens;ces donnees sent une consequence du fait que ce~ 

iles ressentent une influence meridionale due au courant atlantique. 

Parmi toutes les iles celle qui ales~ caract8ristiques tnediterraneennes majeures 

est Uti que oU on retrouve une valeur €levee en especes end8miques ( 24 .1%) et tmP ·va 

leur relativement basse en especes atlantiques ( 46. 36%) ;le caractere subtropical dP 

cette he est confirme ulterieurement par la valeur du rapport R/P (3.14). 

M A IP CB CT R/P 

ILES EGADES 16.0 50.5 0.5 25.8 2.6 4. 7 2.0 

ILE D1 UTIQUE 24.1 46.36 1.4 22.3 2.8 3.04 3.14 

ILES EOLIENNES 21.5 50.0 0.9 21.5 2.8 3.3 2.89 

ILES DE MALTE 13.5 50.3 l.O 27.5 2.6 5.2 3.4 

ILES PELAGES 25.7 45.6 2.14 21.2 1.3 4.0 3.0 

ILE DE PANTELLERIA 21.3 50.8 0.8 21.8 1.8 3.6 2.45 
+ BANCS 

TOTAL 24.5 47.7 2.2 21.0 2.0 2.6 3.0 

SICILE 25.7 47.3 3.0 19.6 2.1 2.2 2.9 

Tab. I : Spectre chorologique % de la flare marine des iles mineures 
et comparaison avec les valeurs de la Sicile 

NOTE BIBLIOGRAPHIQUE 

Giaccone G.,.Colonna P.,.Graziano C.:.Mannino A.M.,Tornatore E.,.Cormaci M.,Furnari G., 

Scammacca B. ,1985 - Revisione della flora marina di Sicilia e isole minori. Roll. 

Acc.Gioenia Sci.Nat.Catania,l8 (326). 
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Y-IIII 
lchthyoplankton of the Egyptian Mediterranean waters 

11 - Distribution and occurence of Pomatomus sa!tator larvae 

N.M. DOWIDAR and H.H. EL·RASHIDY 

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

The present results are baaed on the ana.tys1s of plankton samples 
collected seasonally through the period from January 1982 to October 
1984.The samples were collected from the S.E. Mediterranean waters 
overlying the continental shelf off the Egyptian coast between 
longitudes 29°4S'E and 33°4S'E. The study area is divided into twelve 
sections more or less perpindicular to the coast.Each section comprises 
3 stations representing coastal,middle and offshore zones. Plankton 
samples were collected using an Ichthyoplankton net of 100 em mouth 
opening,0.5 mm mesh size, fitted with flowmeter. In each sample the 
larvae of Pomatomus were sorted and counted,the counts were converted 
to represent No./1000 m3. The length of the larvae were measured to 
the nearest 0.5 mm. 

RESULTS AND DISCUSSION 
In the present work, a total of 16212 larvae of Pomatomus were 

recorded in the plankt'on sani:llil.es collected in the summ"tr and autumn 
cruises i.e. from July to l'a'te November • This suggests that 
the breeding of Pomatomus in the Egyptian waters begins in late June 
and ends in late November. The water temperature during this period 
varied between 21.5 •c and 29.5 •c. The peak of larval intensity 
occurred in mid August, where''about 99.7% of the total collected 
larvae were recorded during this cruise. The water temperature ranged 
between 26.3 •c and 29.5 •c. These results are in close agreement 
with those reported by Perlmutter (1939)&Deuel et al.(l966) who 
reported on the occurrence of running ripe females during late June 
July and August. 

As shown in Table 1 , Pomatomus larvae were highly abundant 
in the inshore water during the time of high spawning activity(August), 
while toward the end of the spawning season ( October , November 
1984 ) they were rare in the middle a11d offshore zones. During the 
larval peak ( August ) , the larvae were confined to the western part 
of the area (Agami-Rosetta) and the highest abundance 10551 L/1000m3 
was recorded in the coastal waters off Agami. 

Figure 1 describes the distribution and abundance of the different 
size groups of Pomatomus larvae during August cruise • The pattern 
of distribution during the time of active spawning indicates that 
the· newly hatched larvae up till 7 mm represents about 69% of the 
larvae and were aggregated in the inshore waters off Agami and also 
shows that the larvae in the offshore waters were of small sizes. 
This pattern of distribution suggests that the species perform a 
spawning migration towards shallower depths at the time of high 
spawning activity. The inshore waters of Agami region seem to be an 
important spawning ground for the species , recorded temperature and 
salinity were 27.3"C and 38.89! , respectively. 

Table !.Average density of Pomatomus larvae(No./1000m3) in the different zones. 
Month Inshore Middle Offshore 
Iusust 1982 -l'in:-z;o -3:-r-- --o:-oz;--
october1984 o. 70 7.2 12.80 
November 1982 0.22 1.5 0.20 

MUJ T!RRANlAN SEA 

~7-11mm. liiiiJ tt - 15 mm. 

OICimctcr of circ.lc.l 

2 "'"' • t .. tO 

, """. 10 -n 
40\m:U-$0 

'"'"' • so. 100 

11 "'"' • 100-SOO 
H• a I tOOO m3 

Figure l.Distribution and abundance of size groups of P .salta tor during August 1982. 

This finding agrees with Faltas(1983) ,who reported that the fishing 
season of Pomatomus extends from May to October and that the best 
catch occurred in the western area between AbuQir(AQ) and Agami(Ag). 
Figure 2a&b shows that towards the end of the spawning season (October
November), the distribution of the newly hatched larvae was shifted 
eastwards mainly in the middle and offshore zones. It is most probable 
that the western stock performs a spawning migration early in the 

b 

Q 

,,. 

Figure 2a&b.Distribution and abundance of size groups during October1984&Novemberl982· 

season and congrated in the inshore waters of Alexandria(AbuQir-Agami). 
After spawning the first pateh,the fish may start another migration 
eastwards and spawn in the middle and offshore waters from Damietta(Dm) 
to Port-Said (PS) late in the season. 
REFERENCES 
Deuel,D. ;J .Clark&A.Mansueti(l966)Trans.Am.Fish.Soc. 95(3) :264-271. 
Faltas,S.N.(1983)M.Sc. Thesis,Faculty of Science,Alexandria University,l94pp. 
Perlmutter ,A.(1939)Fish.Bull.NOAA(U.S.) ,51(45) :206-228. 
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L'lchthyoplancton des eaux cotleres marines Llbanalses 

oeufs et larves de Teleosteens (1) 

S. LAKKIS et R. ZEIDANE 

Centre de Recherches Marines (CNRSL) et Faculh\ des Sciences (Universite Ubanaise), 
B.P. 123, Jounieh (Uban) 

Ab::itract. 92 plankton nee. sampLes collected monthly from 1.nshore and offshore S[.a-

--- tions along the coast of Lebanon during 1986-1987 ,provided 52 taxa of 
eggs and Teleost larvae belonging to 30 families. The spring and summer seasons are 

the richest period in ichtyoplankton.Hydrographic conditions(!" ,Salinity) seem to 
be the most important factors upon the spawning,hatching and development activities. 

L' ichtyoplancton des eaux maritimes cOtieres du Liban en particulier et du Bassin 
levantin en gCnCral est encore peu connu.Par contre la faune ichtyologique adulte 
est plus etudiC(Mouneimn€, 1978) .Pour la premiere fois depuis nos recherches sur le 

zooplancton du Liban,nous a.vons essaye de connaltre la composition et les distribu
tions saisonnieres de ce groupe qui constitue une fraction importante de la biomasse 
du plan,cton libanais(Lakkis, 1971; 1983) .Des p€.ches mensuelles effectues en 1986 et 87 

dans 4 stations cOtieres et au large de la cOte avec le dispositif de deux filets de 
60cm.de diametre,2,5m de long et 200 et 500 microns ont fourni 92 €chantillons.Des 
traits horizontaux et verticaux (200-s) tires au moyen d'un bateau de recherches 
fournissaient des €chantillons de 100m • Les donnees hydrologiques ont ete rapport€.!'=' 

en d€tail ailleurs(Lakkis et Zeidane, 1987) .Plusieurs references de base ant ete 
consult€es pour les d€terminations des oeufs,larves,postlarves et juv€niles,notam
ment D' Ancona et al. (1931-1956), Aboussouan(1964) ,Marinaro(197~.En plus des deter
minations et des examens morphologiques et biom€triques, des comptages ont ete effe
tues portant sur l'ensemble de l'€chantillon afin de rapporter le nombre integral 
d 1 oeufs et de larves. (2) 

Les resultats gene raux rapportes au Tableau I, mont rent que le nombre d 1 especes, 
de genres ou de families determines, qui est 52 taxa, est tres loin du nombre d'es
p€ces adultes qui depasse les 250. Ceci est dU d'une part aux difficultes dans les 
determinations des formes larvaires voisines et des oeufs, d'autre part aux effec

tifs obtenus et contenant un nombre limit€ d'especes.Par ailleurs, des peches ser
r€es dans le temps(e.g.hebdomadaire) seraient plus efficcaces pour d€crire et suivre 
les diff€rents stades larvaires,ce qui n'a pu etre ex€cut€,faute de facilit€s.Ce tab
leau indique les conclusions suivantes: 

- La p€riode riche en ichtyoplancton(oeufs et larves) est celle situee entre avril 
et septembre avec un maximum en juin. 

- Bien que les effectifs scient faibles (de 0,1 a 5 ind./m
3
), le nombre des oeufs en 

g€n€ral reste 3 8. 8 fois plus important que celui des larves et post-larves.Ceci 

est peut etre dU aux techniques de peches utilis€es qui demandent une amelioration. 
- Si 1' effectif larvaire montre des variations mensuelles remarquables all~nt de 

1 ind. ;echantillon en d€cembre a 283 en juin, celui des oeufs est beaucoup plus im
portant variant entre O(decembre)et 810 en juin • 

- Les types larvaires contribuant a la richesse des oeufs sont Engraulis,Coris ~' 
Sardinella aurit.a, ,Sparidae spp. ,Gobiidae,Serranidae et les Apodes;alors que la 

richesse en larves est due aux Sparidae,Gobiidae,Engraulis,Epinephelus sp. ,Arno
glossus spp .. On trouve des formes pelagiques(Engraulis,Sardinella,Scombridae) ,des 
formes mesop€lagiques(Cyclothone,Myctophum,Stomias boa etc ... et des formes d€mer
sales (Scorpaenidae,Bothidae,Soleidae. No tons que Stephanolepis diaspros est une 
espece typ1quement or1entale-. ---

et determines dans l'Ichtyoplancton des eaux cOtieres libanaises entr:e 
typelarvaire.Le~>chiffresexprimentle 

no!llbre etlarves de mer filtnLLes variations mens:uelles 
delatemperaturc,delasalinitCl':tdu 

~ J F 1 11 

<57,• •••••••••••••••••• j38,60 

Zooplancto:u !~~~~ 
.,) 

Engraulis .~~:;:::~~;~;: ::::::I 

'" 

... -

Sparidac 

Chn:mds <h•o•'''···············l 

Euthynnus 

~=~~~=t~:~:~ & Gobiidae 

Ca1lionymidacspp. 
Blenniidae ...•..............•. l 
Ophidiumb,bmm •............. l 
Parophidiono""'li •......•... j 
Scor:paenaspp. 

Lepidotrigla"oillo''········l 
Arnoglossus 

Hicrochiru:>o>Ci'''"'"'········! 
Symphurus nigresccns? .. 
Steph;wolepi!idi.1spro& .. 

Nombrc c~o~:~v=~ o::~!~:rmi nJs • 

Nombrctot.1ldelarvcs .. 

Nombre total d'imliviUus •.•.. 

!7,07 
38,50 38,75 
21,00 58,00 
24400 

duplanctonsont Lcs)'lllboleX,espi:ceprC.sente. 

22,00 24.56,27,48 27,80 29,46 28,70 26,06 
38,90 

~~:~~ l~~~:~~ 
39,20 39,40 39,30 39,20 

145,00 68,00 26,00 42,00 12,00 10,00 
96300 625001187500 125900 80000 103500 

200000 ~270000 lJOOOO 

" 350 475 

' ' 

4 

425 85 

450 
7 

420 81 
5 

30 55 40 25 15 
390 675 425 )10 115 

67 

REFERENCES. ABOUSSOUAN(A.), t 964-Rec. Trav. Stat.mar.Endoume, 32(48) :87-t 73. 

39,00 
88,00 

D'A.~CONA(U.) et al.,1931-1957)-Fauna e Flora del Golfo di Napoli,Mon.38,1068pp. 
MARINARO(J. Y.), 1971-Pelagos III (1): 1-1 t 8 

MOUNEIMNE(N.), 1978- These Doct.d'Etat, Univ.Paris 6, 240pp • 
LAKKIS(S.) ,1083- These Doct.d 1Etat,Univ.Paris 6, 504 pp. 

LAKKIS(S.)& ZEIDANE(R.),1987- FAO Fish.Rep.N°352 Suppl.,123-159 

(1) Travail subventionn€ par 1 'UNEP/FAO dans le cadre du Programme MED-POL,PHASE II 
(2) Nous remer~;ions Mr.A.Aboussouan d'avoir aimablement examine et determine quelques 

sp€cimens. 
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Tri-dimensional model 
of the circulation of the Ligurian Sea 

G. MADEC, M. CHARTIER and M. CREPON 

L.O.D.Y.C., Universite de Paris, 4 place Jussieu, 75005 Paris (France) 

Abstract 

The circulation of the Ligurian sea Is studied with a 3-0 model. 
Attention Is focused on the role played by the deep water formation on the 
generation of horizontal motions. The model Is forced on an annual cycle 
by Imposing a cooling at the surface of the ocean during the three month of 
winter. It Is found that a cooling corresponding to realistic values of air sea 
thermodynamical exchanges generates a strong vertical convexlon and a 
barocllnlc horizontal circulation the transport of which Is close to observed
values. Horizontal wave like motions similar to those observed by satellite 
are found during the forcing period. They are supposed to be linked to 
barocllnlc Instability phenomena. At the end of the forcing period a dome 
Is formed whlcti lasts until the end of the year and preconditions the 
convexlon starting the following year. 

The model Is a C grid model with 12 levels on the vertical. 
The grid size Is 10 km which Is the scale of the first barocllnlc radius of 
deformation. Senslvlty studies were done with different grid sizes and 
different values of the horizontal and the vertical diffusion coefficients. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 



Y-IV2 
Modeling the sewage assimilative capacity 

of coastal waters In the Mediterranean 

J.G. GANOUUS 

Hydraulics Laboratory, Aristotle University of Thessaloniki, 54006 Thessaloniki (Greece) 

The marine environment can assimilate to a certain degree pollutant 

substances of domestic origin. For organic loads. this assimilation is 

doing through three main processes: (a) transport from marine environ

ment to sediments, atmosphere and organisms (sedimentation, sorption, 

aerosol formation, interaction with biota), (b) transport within the 

water body (convection by currents and waves, turbulent diffusion and 

dispersion) and (c) transformation (biodegradation, chemical and photo

chemical degradation). For the proper design of the environmental engi

neering works, such as submarine outfalls and sewage treatment plants, 

it is very useful to analyse and model the assimilative capacity of a 

coastal environment to organic pollutants. Modeling the involved proces

ses is the most important step following the description of the marine 

system and preceeding the management and decision phase. In view of the 

complexity of the various processes, complete modeling is almost impos

sible so that simplifications and assumptions are to be introduced. Be

fore using spatially distributed models, assessment of the relative im

portance of the involved mechanisms can be done from the data series and 

evaluation of the input - output relations can lead to a definition of 

various water quality areas of the coastal system. 

This methodology is illustrated for the case of Thessaloniki bay. 

Seasonal fluctuations of water quality parameters such as pH, dissolved 

oxygen and nutrients have been recorded in nine stations during the pe

riod 1984-1987. Measurements have been performed for every station at 

three points: surface, mean depth and bottom. As for example, in Fig. 1 

the time evolution of the dissolved oxygen is shown at station 1 near 

the city. Oxygen deficiency below 5 ppm can be seen for relatively long 

periods especially in summer and close to the bottom. The observation 

of the irregular fluctuations of the nutrients (No;, No;, Po;-, Si04J, 

E CL 1z.oo 

CL 

0 
0 4.00 

Fig. 1 Dissolved oxygen fluctuation at station 1 -o- surface, -x- mean 

depth, -z- bottom. 

together with the results of current measurements shows that transport 

and turbulent dispersion mechanisms in the bay are relatively more im

portant than biogedradation. Furthermore, the assimilative capacity is 

evaluated using the following input - output modeling. The coastal area 

is divided in three parts: the inner, central and outer bay. For every 

part, pollutant loads are evaluated in terms of COD (kg/year) . From the 

current measurements and the hydrodynamic models the cycling-time of 

water is estimated at 4 days in the inner and 15 days in the central 

parts. Using the value 0.2 · g/m3 /day of COD as the maximum load which 

can be discharged in a confined sea-water body (Laporte et al., 1982) 

the assimilative capacity found is in agreement with the measurements 

and the available historical data. 

1 • Environmental impacts to the bay of Thessaloniki from the sewage 

works. Phase A': 1984-86. Report submitted to the Ministry of En

vironment and Public Works - Laboratory of Hydraulics AUT <.12.!!1> 
(in Greek). 

2. Laporte, J, de Rouville, M. et al: Approche exp~rimentale de la ca

pacite d' ·acceptation du milieu marin pour la charge biodegradable 

des eaux us~es urbaines. Techni. Sci. Municip. 1' Eau 77, 43-52 

(1982). 
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Concentration field In an area 

of a sunken ship loaded with a toxic substance 

T. LEGOVIC and N. UMIC 

"Rudjer Boskovic" Institute, P.O.B. 1016, 41000 Zagreb (Yugoslavia) 

ABSTRACT 

Traffic of ships loaded with large quantities of liquid 
to:< i c substances is being increased· due to greater need and 
production. When such ships sink they present a potential local 
<or an international) ecological catastrophy. In case the ship 
sunk in a deeper water, the unloading procedure may be very 
dangerous itself, the planning of operations lenghty and the 
possibilities range from leaving the ship to leak slowly, to 
releasing the substance all at once. 

A modelling case study of vinyl chloride is presented to 
help evaluate the impact of several strategies. After the 
leackage has been detected or a test leaking performed, the first 
step is to estimate parameters of a stationary and a 
nonstationary distribution. The parameters may include the 
intensity of the source, the mean sea current vector, an 
extinction coefficient and the dispersion coefficent <1>. The 
estimation procedure is neccessary since the complete behaviour 
of the substance in real conditions is not known Upon the 
completion of the estimation procedure, simulation of several 
cases may be attempted (2). First, the results concerning 
transient concentration field following momentary release are 
presented. Second, the results of several stationary 
distributions following different rates of release are compared. 

Finally, a monitoring procedure is proposed for measurements 
that are neccessary to obtain the essential parameters. 

REFERENCES 

1. Legovic,T., Limic,N. and Sekulic,B. Reconstruction of a concen
tration field in a coastal sea. Estuarine Coastal and Shelf Science 
(in press). 

2. Legovic,T. and Limic, N. RECON Demo, Users Manua.l, "Rudjer 
Boskovic" Institute, Zagreb, 1987, 28p. (presented at the 
Training Course on Modelling of Outfalls and Coastal Water 
Quality, UNEP, Athens, 26-31 Oct. 1987.) 
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Measurement of mass transfer coefficients of pollutants 
across the atmospheric air-sea Interphase · 

NAKATSANOS 

Physical Chemistry Laboratory, University of Patras, Patras (Greece) 

The rate of transfer of pollutant loads from the atmosphere to the sea 

water depends, amorig other physicochemical parameters on the mass transfer 

coefficient of each pollutant across the air-sea interphase, and the change 

of this coefficient with temperature. The knowledge of the exact values of 

the mass transfer coefficient for the various pollutants homogeneously 

dissolved in the atmosphere (carbon monoxide, nitrogen oxides, sulfur 

oxides, ttydrocarbons, etc. ) permits the calculation of the absorption rate 

of these substances by the sea water, and therefore of the depletion rate 

of the air- from the above substances. 

The new technique of Reversed-flow gas chromatography, developed in 

our laboratory, is employed. This technique has no far successfully been 

applied to various physicochemical measuremetns and three reviews on it 

have been published1- 3, together with a book 4. 

A very simple experimental set-up is used, consisted of a slightly 

modified gas chromatograph. The sea water is placed at the bottom of 

a diffusion column ( 1 m X 4 mm I. D. ) , and the interphase is fed with the 

pollutant by gaseous diffusion, whereas pure air (as carrier gas) passes 

through another column, perpendicularly connected to the previous column 

at a remote distance from the gas-liquid boundary. This arrangement 

resembles very much to the actual natural process of movement of the air 

pollutants to the sea surface. 

By repeatedly performing flow reversals of short duration (15-60 s):, 

extra chromatographic peaks (sample peaks) are obtained. These are narrow 

and symmetrical, their height h from the baseline as a function of time 

being given by the equation 

h= N2 [cl+ .2.)exp(- X+Y t l 
1+1.801V~/VG y 2 o 

+(1 - .2.)exp(- &X t >] y 2 0 

where X, Y and Z are functions of the diffusion coefficient D of the pol

lutant in. the air, its overall mass transfer coefficients KG and KL, in the 

gas and the liquid phase, respectively, and its partition coefficient K 

between the two phases in contact. 

By analyzing the experimental data with the help of the above 

equation, one can determine accurately in a single experiment lasting 

only a few hours, both overall mass transfer coefficients of the pollutant 

under study across the air-sea interphase 
1 

together with the relevant 

partition coefficient. The mathematical equations .. have been derived from 

the solution of a system of partial differential equations, under give.n 

initial and boundary conditions. 
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Y-IVs 

ABSTRACT 

Modeling for estimation of Input 
of toxic metals Into a bay 

Z. GRZETIC, J. INJUK, N. UMIC, M. NADJ and V. VALKOVIC 

"Rudjer Boskovic" Institute, P.O.B. 1016, 41000 Zagreb (Yugoslavia) 

Marinas with their services and small shipyards pollute 
marine environment with to:dc metals. Most often such marinas are 
situated in bays. It is interesting therefore to determine the 
rates of sedimentation and flashing rates of such toxic elements 
and to determine their actual input. Our aim is to demonstrate 
the usefulness of mathematical models in solving this problem. A 
case of Pun at Bay is analyzed. This is a small bay with the area 
of 2.5 km**2• on the island Kr~: (Northern Adriatic). The total 
input of Pb,.Cu and Zn is determined from current measurements, 
measurements of these metals in water and muddy sediment of the 
Bay. 

A. Currents. Tidal cLtrrents are measured and 
reconstructed by a standard two-dimensional model. Monte Carlo 
methods are used to determine the clearance of the bay due to 
tidal current. A component of residual current which influences 
the clearance has been identified. This component is caLtsed by 
underwater wells. The strength of wells is determined by two 
different models with practically the same result. The total 
wash-out due to two considered currents is esti·mated. 

B. Metals. Concentrations in water have large 
fluctuations and it is necessary to take samples in time 
sequences to determine mean values and fluctuations of 
concentrations. Because of small concentrations of such metals in 
water it is difficult to determine their concentrations in 
samples, so that an extensive sampling was abandoned. However, 
concentrations in muddy sediment of the Bay are high enough and have 
been easily determined by X-ray spectroscopy. In addition, 
content of a metal in the muddy sediment results from an 
accumulating process so that the fluctuations of concentrations 
are less pronounced than in water. By using transport models the 
extinction constants are determined for three considered metals, 
and consequently the rates of sedimentations are estimated. 

C. InpLtts. Inputs are calculated from the rates of 
flashing and sedimentation by using the transport model and topography 
of the Bay. 

Since the source of a toxic metal is diffuse and cannot 
be easily estimated in a direct way, we propose here the 
estimation of input based on clearance mechanisms of a bay by the 
following procedure. Clearance mechanisms are analysed by 
mathematical models. Concentrations in sediments are used for 
fitting parameters and then concentrations in water are used for 
scaling. Since the input is equal to the output caused by all 
clearance mechanisms, it can be estimated from the obtained 
models. 

Rapp. Comm. int. Mer Medit., 31, 2 (1988). 
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Input/output conceptual model for the Chromium 
·In the Mex Bay 

0. ABOUL DAHAB andY. HAUM 

Oceanography Department, Alexandria University, Alexandria (Egypt) 

SUMMARY 

Chromium enters Mex Bay (West of Alexandria) marine environment from tanneries 

effluents and an agricultural drain. 

Chromium vas measured by AAS in effluents, sea vater, biota of different trophic 

levels and sediments of the Bay. 

The rates of input and output of chromium to and from the Bay vere estimated. 

Box models vere used to describe the relation between the problem and the eco

system, as a first step in modelling. 
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Simulation model for Mercury pollution in Mex Bay, 
Alexandria (Egypt) 

0. ABOUL DAHAB, S.E. JORGENSEN, G. UFFE andY. HAUM 

Oceanography Department, Alexandria University, Alexandria (Egypt) 

SUMMARY 

A simulation model for mercury pollution in Mex-Bay vas constructed, on 

the basis of data obtained by the Aquatic Pollution Unit of the University 

of Alexandria. 

OBJECTIVES OF THE f«>DEL: 

-to set up a mass balance of mercury for the bay. 

-to relate effluents quantities of mercury vith mercury concentrations in 

biological components. Of special interest is the mercury concentration 

of fish used for human consumption. 

-to predict future trends in mercury concentrations in sea vater and bio

logical components, if the discharge of mercury is not reduced or is 

reduced to a defined level 

-to give a better understanding of the mercury cycling in Mex Bay. 

f«>DEL DFSCRIPITOH: 

-As the proposed model is relatively complex, it was preferred to present 

the model by use of several conceptual diagrams. 

-The governing equations· are based upon the mass conservation principle. 

-The model consists of forcing functions, state variables, processes de-

scribed as equations and parameters. 

-The processes (equations) relate forcing functions and state variables. 

Given the forcing functions (e.g., discharge of mercury and meteorological 

conditions), the model will give the state variables. 

-The model still requires calibration and validation. 

This model can be considered as one of the first simulation models allover 

the Mediterranean to solve the mercury problem in a given area. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 
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Mercury profiles and the sedimentation rate 
In the coastal area west of Alexandria 

0. ABOUL DAHAB andY. HAUM 

Oceanography ·Department, Alexandria University, Alexandria (Egypt) 

SUJIWtY 

More than 18 sediment cores collected from the coastal area west of Alexandria 

(Mex Bay) were analysed for their mercury concentrations. 

The depth profiles showed significant features in the vertical distribution 

of mercury. Taking into consideration the operational date of the adjacent 

Chlor-alkali Plant, and assuming a constant sedimentation rate, the authors 

explain the changes in the vertical distribution of mercury to changes in 

the industrial activity in the Chlor-alkali Plant. 

The authors made use of mercury profiles in Mex Bay sediments to calculate 

the settling rate in the area. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 
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Y-IV9 
Formal model of the marine Inshore 

phytoplanktonic community 

Pia-Elena MIHNEA 

Romanian Marine Research Institute, Constantza (Romania) 

ABSTRACT 
A formal model of the Romanian e11trophicated inshore a.rea is 

described 11aing excl11sively the loop ~presented by phytoplankton. 

Man-made changes on tbe marine phytoplanktonic ecosystem were 
presented in other papers. We 11sed here some res11lts of o11r research 
to point particlllar workgates and forcing factors (BOLOG.l et 81.,1985; 
MIBBlU. and vo:nmoou, 197? a,b; 19781 MIHNEA, 1978 a,b; MIHNli:A et al., 
1980 and personal 11np11bliahed data). 

Symbols significance& 
P00

1
a particulate organic carbon as alive phytoplankton; POC2 z parti

culate organic carbon as alive bacterial POC a dead particulate orga
nic carbon; :OOCa dissolved organic ca.rbon; ~ndola f3 - indol11 acetic 
acid; Ba Ma.rine bacteria; !'a Marine f11nga; Ga Grazing; Ma Mortality; 
.la .A.noxy;Groaa pr. in ag C .-3 d-1 , BiOII&SS in ag m-3, Ohloroph;yll .A 

in 1115 .-3• 
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prod110tion in the Western Black Sea (May,l982). Cercet.Mar. 
IROM, 18a 9? - 115· 

MIBltl.l P.B. and VOI!fEOOU I., 19?7 a - Mass production for 11nicellllla:r 
algae in OlltdOOr clll tl1re8 by 11t1lizing waste water a8 a 
trophic aouce. Cercet.llar., IRCM, lOa 155 - 168. 
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acetic acid on sou 11nicelllllar algae. Cercet.Mar.IRCJI, lOa 
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MIBDA. P.B., 19?8 a - :Iff eta prod11ita par lea eau ae~rea a11r lea 
algua ll&l'ines phytoplanctoniqus. Rev.Int.Oceanogr.Jied.1b• 
XLIXa 89 - 98. 

M:tmrll.l P.B. ,19?8 b - Infl11ence de certaines eau residiUii~a a tene11r 
en amaon1aql1e,ur6e et aethanol,aur lea alg~·· unicelllll~ 
marines. IV-•• J Ollrn.lltlld.Polllltions ,OIISII ,A.ntalyaa465-469. 

MIBBlU. P.B. and VOIIBSOU I., 19?8 -Interaction between chemical pol
llltion coapo11nds and 118.l'ine llnicelll118.l' algae. Oercet.Mar. 
IRCII, lla 235 - 252. 

MIBKI.l P.B., IIUft.B!NU GH.and PliOHliWfU I. ,1980 - llffect of Cd2+ on the 
aetabo11aa at tlle llla.l'ine 11nicelllllar algae. Cercet. Mar. 
IROM, 13t 199 - 211. 
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Y-IV10 
A multiple regression model to determine 

Diatom abundance In an eutrophic area 

TufanKORAY 

Ege Universitesi, Hidrobioloji Ana Bilim Dali (Turkey} 

ABSTRACT: In an eutrophicated area (!zmir Bay, Aegean Sea), the 
variations of diatom cell numbers in hydrographic properties and 
nutrient concentrations of the environment were investigated 
seasonally and vertically. Statistically significant relationships 
between ln(cell numbers),o t , ln(N/P) and Si were determined. 

According to our results, cell numbers of diatom might be 
represented with a multiple regression model as, 

ln(DIAcells/l)a-0.9217 t -0.6492 ln(N/P)+0.022l Si+37.3716 

due to 70 percent success. 

Rapp. Comm. int. Mer MMit., 31, 2 (1988). 

Y-IV11 
Modelling the deep chlorophyll maximum 

In oligotrophic areas 

R. VARELA and A CRUZADO 

UEI Oceanografia Qulmica, Centro de Estudlos Avanzados, 
17300 Blanes (Espana) 

M-3:thP.m3tic~l modP.l~ h~"'P. hF!onn ~>:t~;on-siv~ly d~''c::tolnpc:..t1 in rc.r~=~ont 
y~=>~rs,. t:P.r.oming a vPry important tool in underE:tanding and analysis of. 
marine syst .. ms (Wroblewski, 1<>75, 1q76; Wroblewski "nd 0' Brien, 1<>76; 
f)ugrl,3lt?~ 1°6?, t07 1; EpplPy., 1969, pte!. HowP'"•Pr, w• havt? nnt v~t 

con.pl~t~l·/ understood and quanti-fi~d th~ nt~chani:..m~S. thai: tiolk~ r-1::-c-P. in 
th~· nitrc.gPn r":'":~t:-lP rt=tgt•l :.tion and their uptakplre}Pase b~ marinP. 
phytoplar.kton or bacteria, p"rticularly in oligotrophic oce«n 
whPrP i !:' al,no:t al v1ay= prP.~ent a deep chlorophyll maxi mun tAnd~rson, 

t<>bq~ Cullen, 1982; Schule-r.b,.rg, !<;178). 

Con=id~ring thi~, WP combin~d now-acceopted critP"ria into.::. 
simuli\tion modelo, on the- purpose tn discuu-;:. th~ir us.A-l.fulnA-~'5. and 
quanti f!; t:hP order of magni tudP of @ach proc:P-s:. 

B~ginning uJii:h sirnpl~ initi3l-conditiontF. .-Jhir:h inr:ludt=t rouf:.in~ 
nr:Pa.nogr~phir: variabl-=-t: lihE=- nitratt?., ammoniun,, ph-:,tcplankt:nn, light 
.:tnd a .:.;ow mod~l paramf!-t~rs. w~ nbtain~d. ~ft~r .:t ci?rt3in r•t•nth~r of 
ih~ra.tion~, a F-ttationar·;~ -;olution. Up to nt::l'"'.t• is a one- dirnE-n~ional 
modB-11, \-Jhich c;.implify ca.lculatinn-: :tnd ..,.,~ unlqv~l'/ fi:·~:-d bnttom 
,,:tlue:-s bC'lund~ry conditions. l'.lll? logicall~ includPd dt.ffusi.on, 
::td'l~ctic.n :,nd light int'?nsit:~ at se:.-~.urf::.c~. 

L•l.,;.o L1nn4P =~·Jpr·.~l runs .vi'ryir,g thP .n~iu paramet>?rs; during the!:e-
tests lfl& C\nalysed the .flttctu5ttieons e>tPF!<rimE-n"t&d h)' th~ de-ep 
chlorophyll ma><imun, the nitrogen and phytoplankt:on conc....,trations. 
This d"'pth is c.bvi ou«l ~' r""gul :.te-d hy 1 i ght ;,nd, in "' ];;>s., . .>mc•unt, by 
difftision. It appears to be a critical depth of a few me-ters with 
enough light <gener•lly below de 11. lev•ll and enough nutrients 
provided by diffusion, gen1>rally at the beginning of the nitr•cline. 

Atmospheric inputs of nitrogen, phos,phate •nd silicate ar• nooo 
considered ..,,. important as diffusion <in absolute valuttsl and should 
not b• neglected. On the other hand, in strong oligotrophic i\reas, thtt 
Monod equation could bP of leos!: interest in evaluating c1netic uptake 
by mar·int:t phyt~1olankton, s.incP it is proportional to PN-ON, ;t sEocond 
order P.quation .. 
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Y-Vl 

ABSTRACT 

Trace element analysis of the Shrimp tissue 
(MA-B-3/TM-reference material) 

Maria SALAGEAN and Ana PANTEUCA 

Institute for Physics and Nuclear Engineering, Bucharest (Romania) 

Instrumental neutron activation analysis method has been 
applied for the determination of 22 elements in the shrimp tissue 
biological reference material,MA-B-3/TM. 

INTRODUCTION 

It is well known that the marine organisms are able to 
concentrate in their tissues micropollutants from the surrounding 
sea water and therefore it is important to determine the trace 
element concentration in the organism, since this content may 
indicate heavy metal pollution of the marine environment. 

This work presents our results obtained by instrumental neutron 
activation analysis of lyophylised Mediterranean shrimp tissue - a 
biological reference material labelled MA-B-3/TM. 

EXPERIMENTAL 

Applying the instrumental neutron activation mAthod the 
concentration of 22 elements has been determined after a short and 
long irradiation time in 10exP12 - 10exP13 n/cm*exP2*sec flux. A 65 
cm*exP3 Ge(Li) detector, (2 keV resolution), connected to a 
multichannel analyzer has been used for the measurements. The 
MA-M-2/TM mussel tissue that has been also analysed by us 3 years 
ago in an intercomparison run ( 1) has been used as a standard. 

RESULTS AND DISCUSSION. 

The concentration values of the elements determined are 
presented in the Table 1. It must be pointed out that the 
concentration of the most elements in shrimp tissue are much lower 
than in mussel tissue. Thus the concentration ratio for the 
macroelements Na, Cl, Ca, Mg as well as for the trace elements Br, 
Mn, So, Co, and Au are between 4:40. The Hg and As concentration in 
shrimp tissue is two and six times lower than in the mussel tissue, 
respectively. Only the major element K and the microelements Se, 
Cs, Zn and Sb are approximately equally distributed in both marine 
samples. 

TABLE 1 - Elemental content in shrimp tissue 
(MA-B-3/TM - reference material) 

-Error in parenthesis-

---------------------------------------
Element Concentration 

(ppm) 
---------------------------------------

Al 37 3 ) 
As 2.2 0. 3 ) 
Au 0.0019 0.0004 
Br 16 1 ) 
Ca 3840 307 ) 
Cl 2380 60 ) 
Co 0. 045 0.004 ) 
Cr 0. 34 0.05 ) 
Cs 0.079 0.008 ) 
Fe 97 4 ) 
Hf 0.018 0.004 ) 
Hg 0. 00036 0.00005 
K 10700 427 ) 
Mg 1130 45 ) 
Mn 4.0 0.2 ) 
Na 2200 44 ) 
Rb 2.0 0.2 ) 
Sb 0.038 0.007 
So 0.005 0.001 
Se 1.5 0.4 ) 
Sr 23 2 ) 
Zn 108 5 ) 

---------------------------------------
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Y-V2 

Instrumental neutron activation analysis 
of two Macrophytes from the Romanian Black Sea Beach 

Maria SALAGEAN*, Ana PANTELICA* and lulia I. GEORGESCU** 

• Institute for Physics and Nuclear Engineering, Bucharest (Romania) 
•• Polytechnical Institute, Faculty of Chemical Engineering, Bucharest (Romania) 

ABSRACT. The macro and microelement content of the Macrophytes 
Enteromorpha linza and ~ rubrum, sampled from the beaches of 
Rumanian littoral zone in October 1986, has been investigated by 
instrumental neutron activation analysis. Totally 33 elements have 
been determined. Comparing these results with those obtained in 1972, 
concerning the same species, the elements Na, K, Fe, Mg and Cl present 
a lower concentration. The elements Zn, Ce and So present a higher 
content in£.. ~while a lower content was found in~ ~. 

INTRODUCTION. It is of interest to know the content of the marine 
algae in macro and microelements since, as it is reported, the 
radionuclides when enter into the sea may follow similar pathway as 
their stable elements. Therefore, the study of the concetration of 
certain elements in the same algae species, which have been studied by 
us 14 years ago, would be usefull for studying pollution levels, (1), 
(2). 

EXPERIMENTAL. The algae Enteromorpha ~ and ~ ~· 
sampled from the Rumanian Black Sea beach at Mangalia, were rinsed 
with distilled water, dried and then grounded into a fine powder. 
About 100 mg of each sample were irradiated along with an equal 
quantity of standards, under the same conditions, in the VVRS-2 
reactor in Bucharest (flux 10exP12-13 n/cm*exP2*sec). Counting have 
been performed by using a 65 co Ge(Li) detector (2 kev resolution) 
coupled with a pulse height analyser 4096 channels. 

RESULTS AND DISCUSSION. The concentration of the 33 elements 
determined is given in TABLE 1. By using these we can obtain ratios of 
the respective elemental content in the two species. Comparing these 
ratios with those reported previously by us we can obtain the 
elemental variation of the ratios in the two investigated species, 
during the last 14 years. · 

The observed ratio "E. linza/C. rubrum" values for the elements 
determined is given below7 together, w~th those corresponding to 1972 
sampling in parenthesis: Ce:0.39 (1), Co:0.32 (1.8), V:0.45 (1.1), 
Rb:0.70 (0.65), Sc:0.21 (1.1). The values obtained for So, Ce and Zn 
are higher in C. rubrum and lower in E. linza. The concentration 
level for Na, K, Fe, Mg and Cl is decreasing in both Macrophyte 
species. It seems that C. rubrum is more resistant than E. linza due 
to its higher mineralisation.--- - --

Al 
As 
Au 
Ba 
Br 
Ca 
Ce 
c 1 
Co 
Cr 
Cs 
Eu 
Fe 
Hf 
Hg 
I 
K 
La 
Lu 
Hg 
Hn 
Na 
Rb 
Sb 
Sc 
Sm 
Sr 
Tb 
Th 
u 
v 
Yb 
Zn 

TABLE 1. Inatrumentat. neutron activation ana1.yaia of 
aome Macrophytea a amp Z.es on the B tack Sea 
Romanian ahore at Manga·Ma, 6 .e~tC>ber 1:1186 

Element En teromorpha tinza Ceramium rubrum 

(ppm) 5 360 :!.. 420 1560 :!.. 120 
(ppm) 1.5 + 0. 4 3. 4 + 0 .6 
(ppb) 30 + 7 27 + 7 
(ppm) 185 + 30 406 + 80 
(ppm) 508 + 10 1010 + 20 
(%) 14.8 f 1.4 16 .6 f 1.2 

~Hm) 7. 9 + 0.6 20 + 1 
3. 42 + 0.10 3.6 7 + 0.11 

(ppm) 1.9 + 0. 1 5. 9 + 0. 3 
(ppm) 5 .8 :!.. 0 .6 33 + 2 
(ppm) 0.29 :!.. 0.06 1. 41 + 0. 15 
(ppm) 0 .21 + 0.04 0.45 + 0.06 
(%) 0.33 :!.. 0. 02 0.10 + 0. 06 
(ppm) 0.25 + 0. 0 4 11.7 + 0. 09 
(ppm) <o-:-s <0-:-6 
(ppm) 50 + 10 2 75 + 27 
(%) 3. 79 I o. 38 3.2 3 + 0. 33 
(ppm) 2.6 + 0. 1 E· 4 + 0 .2 
(ppm) 0.04 + 0.01 0. 10 + 0 .o 1 
(% ) 5.00 + 0.83 2.03 + 0. 38 
(ppm) 295 + 15 890 + 40 
(%) 1. 66 + 0.02 2. 0 3 + 0. 0 3 
(ppm) 24 / + 3 34 + 4 
(ppm~ 0.23 + 0.08 0. 58 f 0.16 
(ppm 0. 90 + 0.02 3. 61 + 0. 05 
(ppm) 0.47 + 0.02 1. 0 3 + 0. 0 3 
(ppm) 718 f 70 738 I 75 
(ppm) 0. 11 + 0. 0 3 0. 30 + 0 .09 
(ppm) 0. 75 + 0. 0 8 2.8 + 0. 1 
(ppm) 0 .6 + 0. 3 2.8 + 0. 8 
(ppm) 9.9 + 1.6 2Z :!.. 3 
(ppm) 0. 3 + 0. 1 0. 7 :!.. 0. 1 
(ppm) 80 :!.. 3 438 ~ 15 

REFERENCES. 

1. Georgescu, I. I., Lupan, S., Salagean, M. and Oancea, M. -1973-
Chemical composition of Danube water, sea water, algae and sediments 
of the Black Sea determined by the analytical methods and Instrumental 
Neutron Activation Analysis. Thalassia Yugoslavica, 9(1/2), pp 87-99. 

2. Georgescu, I. I., Cojocaru, V., Lupan, S. and Salagean, M. -1972-
Sur la radioactivite du milieu marin et 1' analyss par activation 
neutronique de certaines algues de la Mer Noire. Rapp. Comm. Int. 
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Y-V3 
Instrumental neutron activation analysis 

of Mytllus galloprovlnclalls from the Romanian Shore 

Maria SAlAGEAN*, Ana PANTELICA* and Julia I. GEORGESCU** 

• Institute for Physics and Nuclear Engineering. Bucharest (Romania) 
•• Polytechnical Institute, Faculty of Chemical Engineering, Bucharest (Romania) 

ABSRACT. Myti llus galloprovincialis specimens sampled from two 
sampling sit~the RUmam.an shore of the Black Sea have been 
analysed by instrumental neutron activation analysis. 27 elements 
have been determined in shaft tissues and byssus. Higher elemental 
content has been found in the shaft tissues than in byssus. 

INTRODUCTION. Mussels have the capacity to accumulate various 
pollutants, heavy metals or radionuclides from sea water and therefore 
are considered as suitable marine pollution indicators. It is of 
interest to get information about the variation of the trace element 
concentration in mussels from north to south of the Rumanian shore in 
Black Sea. 

EXPERIMENTAL. ~ s:alloprovincialis specimens have been 
collected in October 1987: at 36 km offshore East Sulina and 7 km in 
the front of Serpents Islands on a silty clay facies, 38 m depth and 
at 7. 3 km offshore East Mangalia on a rocky facies, 37 m depth. After 
rinsing with distilled water and removal of shells of ~ 
galloprovincialis the shaft tissues and byssus have been separated 
dr1ed and grounded into a fine powder. About 100 mg of each sample 
were irradiated along with an equal quantity of the IAEA standard 
reference material MA-M-2/TM, in the VVRS-2 nuclear reactor of 
Bucharest (thermal neutron flux 10exP12-13 n/cm*exP2*sec). All 
measurements were carried out by using a high resolution (2 kev) 
Ge(Li) detector coupled with a multichannel analyaer. 

TABLE 1- Instrumental neutron activation analysis of MytiZus 1<JZZo-
p't'oVinciaZis sampled on the Black Sea, Romanian shore 

Element 

A l ppm 

As ppm 

Au ppb 

Br ppm 

Ca 

Ce ppm 

c l 
Co ppm 

C r ppm 

Cs ppm 

Fe ppm 

Hg ppm 

ppm 

K % 

La ppm 

Mg 

Mn ppm 

Na 

Rb ppm 

Sb ppm 

Sc ppm 

Se ppm 

Sm ppm 

Th ppm 

U ppm 

V ppm 

Zn ppm 

during 1987 

Location and date of sampling 

168 !. 13 

5. 1 !. 0. 3 

10 !. 1 

105 !. 2 

0. 78 !. 0. 09 

0. 5 !. 0.2 

2.28!. 0.06 

0.35!. 0.04 

0 .6 !. 0 .2 

<0. 13 

128 .:t 22 

0.03!. 0.01 

6. 4 !. 2. 4 
0.14:!:_0.04 

<0. 14 

0.38!. 0.06 

18 .:t 1 

1.51 !. 0.015 

<2 .6 

0.19:!:_0.06 

42 !. 8 

2. 8 !. 0. 5 

.. o. 01 

0.06 !. 0.02 

<0.4 

0. 6 !. 0.2 

2630 !. 65 

22 3 !. 20 

10. 3 !. 0. 4 

18 !. 2 

145 !. 3 
1. 89 !. 0. 17 

I. 1 !. 0. 3 

2. 40 .:t 0. 06 

0. 45 !. 0 . 0 4 

1.2 :!:_0.3 

<0 .2 

516 !. 40 

0.09 .:t 0.03 

12 !. 3 
<0. 19 

0.23!. 0.08 

0.41 !. 0.08 

40 !. 2 

1.65!. 0.016 

< 1. 5 

0. 14:!:_ 0. 0 4 

81 !. 8 

5. 0 !. 0. 7 
0.05:!:_ 0.01 

<0. 05 

<0 .6 

0. 7 .:t 0. 3 

24)0!. 60 

364 !. 2 7 

4. 3 !. 0. 2 

10 .:t 1 

10 4 .:t 2 
1.01:!:_0.10 

0. 7 !. 0 .2 

1. 73:!:, 0. 0 4 

0 .59!. 0.06 

1. 4 !. 0 .2 

<0. 13 

426 !. 40 

0. 3 !. 0. 1 

5. 5 !. 2 .s 
0.16:!:_0.05 

0.21:t_0.06 

0.50 !. 0.07 

57 .:t 3 
1. 36 .:t 0. 014 

2.3 !. 0.6 

0.09 !. 0.03 

84 !. 8 

3.9 !. 0.1 

0.03 !. 0.01 

0.08 !. 0.03 

<0.4 

0 .9 !. 0.2 

2230 !. 60 

!. 110 

10.3 .:t 0.4 

25 !. 2 

205 !. 5 

0.73:!:_0.08 

2. 1 !. 0. 3 

2.31 .:t 0.06 

0.89:t_0.09 

3. 5 !. 0.5 

0. 36 .:t 0. 13 

1460 !. 60 

0. 4 !. 0.1 

10 .:t 3 
0. 42 .:t 0. 10 

0. 89 !. 0. 10 

0.62 !. 0.11 

140 !. 6 

1.56 !. 0.015 

4.1 !. 1.2 

0.16!_0.05 

305 !. 30 

5.2 .:t 0.1 

0.15 !. 0. 01 

0. 22 !. 0. 0 4 

<0. 5 

5. 5 !. 0. 8 

2 0 70 !. 50 

RESULTS AND DISCUSSION. The data concernig 27 elements determined in 
.M.:. galloprovincialis collected from Sulina and Mangalia in Black Sea 
are given in TABLE ;. The following conclusions shoud be pointed out: 
a) Mineralisation 1s increasing from north to south in the Black Sea 
at about the same depth. b) Shaft tissues have higher concentration 
of trace element than byssus. c) The Hg content found in shoft tissue 
( 0. 09 ppm) and in byssus ( 0. 03 ppm) from Sulina samples is four and 
ten times lower, respectively than in the corresponding samples 
collected from Mangalia. 

REFERENCES. Salagean, M. and Pantelica, A. -1986- Neutron activation 
analysis of trace elements in marine environmental sample (Mytilus 
gallopr::.vincialis, MA-M-2/TM reference material). Rapp. Comm. Int. Mer 
Medit., Vol. 30, 2, pp 274. 
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summa.JLy. The concentration of 16 elements from the low molecular weight 

protein fraction of the hemolymphae of MyUtu~ gtL.ttopJr.Ov.i.ncia..t.i.~ has 

been determined by the instrumental neutron activation method. 

Re~ume. La fraction prottHnique ~ petite masse mole'culaire dans l'h~mo

lyphe de la moule My:t.i.tu~ ga.ttopl!.ov.i.ncia..t.i.~ a t1tt1 analyse'e par 1 1 acti

vation neutronique instrument ale. On a identifie' 16 e'l~ments. 

Ma.teJr..i.a.t and Me:thod. Specimens of My:t.i.tu~ ga..ttopl!.ov.i.ncia.t.i.~ were col

lected in September 1987 from the Black Sea (North Constantza). 

The spawning mussel was rinsed with the de ionised water. After 

the shell opening the soft tissue was also thoroughly cleaned with de

ionised water. The hemolyphae was collected by long cuts of mussel 

body. The analysed fraction was prepared by deproteinisation and de

lipoidation with benzene. The aqueous fraction purified by vacuum eva

poration of the benzene was dried. Two different concentrated samples 

extracted by the above method have been analysed. 

The samples and reference material have been irradiated for two 

hours in a 2.1012 n.cm-2 .s-1 flux. After 6 f 30 days cooling time the 

measurements have been carried out making use by 65 cm3 Ge(Li) detector 

with 2 keV energy resolution. The measurement time was 1 f 7 hours. 

R:!~ut:t~ a.nd V.i.~cu.~~.i.on. The results expressed in gf£., mgf£. or 11g/£. are 

presented in Table 1 . 

OUr method for hemolymphae preparation has concentrated t:he 

macroelements Na, K, Ca, Br. The samples are also high in Sr, Fe, Zn, 

Ba, Rb. The high strontium level in samples was associated with its 

role in shell formation [1]. The concentration of some oligoelements 

is also determined. The role of Se as an essential trace element in hu

man and animal nutrition as well as its toxic effects at higher concen

trations is well established [2]. 

The low molecular weight protein fractions isolated by our me

thod are involved in the concentration of metals. Tolerance of mussels 

to increased tissue metals concentration may be related to the presence 

of detoxifying mechanisms. A process that may be important in metal de

toxification in mussels is the binding of metals to low molecular weight 

proteins similar to metallothionein [3] and to the high molecular weight 

protein fraction which contains metalloenzymes [ 4] • 

TABLE 1 - Elemental composition of isolated low molecular protein 

fraction from the My:t.i.tu~ ga..ttopl!.ov.i.nc.i.a.U~ hemolymphae 

Element 

Na 

K 

Ca 

Br 

Sr 

Ba 

Fe 

Rb 

Zn 

Cr 

Ni 

Se 

Co 

Hg 

Sb 

Au 

REFERENCES 

Sample 1 

1.19 .:t 0.019 

0.632 :!:: 0.063 

88 !. 9 

12 !. 1 

1366 !. 260 

607 !. 195 

455 !. 108 

347 !. 43 

195 !. 22 

139 .:t 7 

130 !. 43 

39 !. 4 

13 .:t 1 

11 !. 2 

2.3 !. 0.4 

0.14 !. 0.03 

Concentration 

Sample 2 

6.96 !. 0.139 

2.537!. 0.381 

158 !. 24 

56 !. 2 

2323 .:t 63 

1161 !. 370 

1689 !. 370 

633 !. 53 

1267 !. 106 

259 !. 16 

264 !. 105 

95 !. 11 

42 !. 4 

9 !. 2 

5.9 !. 0.8 

0.12 !. 0,05 

1. Roesijadi G., Young J.S., Crecelius E.A., Thomas L.l,L 1 

Biol,Soc.Wash.Bull. (1985) No.6, p.311-324 

2. u.s.National Research Council. Recommended Dietary Allowances, Ninth 

Revised Edition, National Academy of Sciences, Wash.D.C.(l980). 

3. Viarengo A., Pertica M. 1 Mancinelli G., Zanicchi G. 1 Bouqueneau J .M., 

Orunescu M., Mol.Physiol. (1984), No.5, pp.469-470 

4. Harrison F.L., Lam J.R., Mar.Rnviron.Res. (1985), No.16, pp.151-163. 
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ABSTRACT. Concentration factors of the stable elements Ag, Se, Co, 
Cs, Zn, Rb, Cr, Fe and Sc, were deter.ined in flesh, liver, heart and 
spleen of the edible pela«ic fish Boops ~- Instrumental neutron 
activation analysis and ga..a spectra.etry were applied for the 
deter.ination of the above el~ts in the tissues of the fish and 
sea water, sampled fra. Aegean Sea. eo.Parison of the stable el~ent 
concentration factors found in the parts of the fish was made. 

INTRODUCTION. It is well known that artificial radionuclides 
introduced into the sea by various sources can be concentrated by 
marine biota and enter the food chain. The characterisation of the 
marine species as indicators of certain stable ele.ents or 
radionuclides, is of great importance for the pollution research. 
Moreover the study of the distribution pattern of the ele.ents in 
various organs of the ani-1, can provide infor.ation on the 
incorporation sites of the stable element or redionuclide in the 
organis• itself and this is also important for the protection of the 
marine population ( 1) . In order to get information on the radiation 
effect to the organisms it is important to know the capacity of the 
organis• to concentrate stable elements possessing radioisotopes of 
redioecological significance. Stable element chemistry of the 
organism is a valuable factor for the determination of the food 
chain reconcentration of certain radionuclides by marine species 
(2). In the present work, concentration factors, K, of Se, Cr, Cs, 
Sc, Rb, Fe, Zn, Co and Ag were obtained in~~ in an attempt 
to provide data on the concentration, under natural conditions, of 
certain stable elements of radioecological interest in a common 
pelagic fish species of the Aegean Sea. 

KXPERIMKNTAL. Ten ~~specimens were collected from North 
Aegean Sea , Sporades Island, in September 1987. Sea water samples 
were also taken from the same area. From each fish, a portion of 
muscle, the heart, liver and spleen were taken and freese dried 
prior to analysis. The size and weight of the fish were also 
recorded. Sea water samples were also lyophilized. Instrumental 
neutron activation analysis and gamma spectrometry were used to 
deter.ine the trace elements Se, Cr, Ag, Cs, Sc, Rb, Fe, Zn and Co. 
Samples and standards were sealed in quarz tubes, irradiated for 30 
b at a thermal neutron flux 2.7 exp13 n/cmexp2*sec. After a 20 
day-cooling (40 d for sea water). samples were counted on a 37 cc 
Ge(Li) detector connected to a 4000 channels pulse height analyser. 

RKSULTS AND DISCUSSION The concentration factors K of stable 
elements in tissues of ~ boops are given in Table 1. They 
express the ratio of the mean value derived from ten single specimen 
analysis, divided by the corresponding mean value of six water 
sample analysis. 

Concentration factors expressed in relation to wet weight reflect 
the ability of the organism to concentrate chemical elements from 
the aqueous medium. However it should be noticed that the 
differences in the physicochemical form between the radionuclides 
and their stable elements may influence the biogeochemical behaviour 
of both isotope and stable el~t. From the results presented in 
Table 1, it can be concluded that the essential elements Fe, Se, Zn 
and Co, are those highly concentrated in the organs of the fish, 
compared with the other determined elements. Significant differences 
for iron accumulation • three orders of magnitude, were found 
between muscle and spleen, while the K value for liver and heart was 
si•ilar and hundred times higher than the lowest value found in 
muscle. The distribution pattern trend of the elements Se and Zn is 
si•ilar to iron accumulation, but K values are much higher for Se 
than for Zn, while Co follows the same pattern, roughly, in a lesser 
extent possessing the lowest K values. 

TABLE 1. Stable el~ent concentration 
factors (K),in Boops boops 
{on wet weight basis). 

---------------------------------------
T I S S UK 

------------------------------
Klement Muscle Liver Heart Spleen 

Se 1200 21100 21500 28100 
Cr 3 38 43 100 
Cs 43 21 19 29 
Sc 14 24 64 13 
Rb 10 7 7 3 
Fe 19 2780 2080 15000 
Zn 180 1210 765 2970 
Co 23 528 208 124 
Ag 67 80 97 70 

Tbe remaining el~ts present medium and low K values. No 
difference in K values was observed between the organs of the fish 
for Ag, Rb and Sc, but Cr showed a slightly higher K value in spleen 
compared with the muscle K value. It bas been pointed out that 
neutron activation products of biologicaly essential stable 
elements, like Fe-55, Co-60, Zn-65 and Ag-110m were found in the 
flesh and liver of certain pelagic fish species from the Pacific 
Ocean long ago {2). This findings enhance the need for a systematic 
study on the stable ele.ent concentration factors, also in other 
fish species from the Aegean Sea, in order to be able to 
characterise the most suitable pollution indicator organism. 
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