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INTRODUCTION 

During the Saronikos Systems Project, initiated in December 1972, sam
pling of zooplankton for biomass estimations was conducted. The results of the 
three fir,-t cruiiSes are given iilil th!is paper. Previous data have been given 
from observations published by Y a nn o po u 1 o s and Y anno po u 1 o s 
(1973)which provided approximate information on the biomass values in the 
Sa-ronikos Gulf. 

The present s,tudy has provided more detailed information on the distri
bution and the standing stock of zooplankton in the Saroni:kos Gulf proper. 

METHODS AND MATERIALS 

Zooplankton samples were coHected by the first author at 25 stations 
from a station gdd. The co1lections were made dwi,ng December 1972, January 
and Mairch 1973. Figure 1 shows location of the major areas samrpled. 

A WP-2 nylon net, recommended by the Working Party No. 2 (UNESCO, 
1968), with a mesh size of 0.24 mm, wa,s used for verbical collections of zoo
plankton from the bottom to the surface. Collections were usually made 
during the day between 1000 and 1700 h. At stations with depths over 100 m , 
occasional vertical haul,s from a depth of 50 m to the surface and oblique hauls 
from 20 m to the surface were made wiith the WP-2 or with the WP-3 net 
(UNESCO, 1968). 
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Fig. 1 - Map of Saronikos Gulf and subdivistons. 

G u l f 

A Tsurumi-Seiki depth recorder, with a range of O to 500 m ;;md a flow
meter with two stoppers were attached to the net to obtain the maximum 
depth and the total water volurne passing through the net. The length of the 
wriJre and the angle were also measured. 

The zooplankton samples were preserved in CaCO3 buffered 4 percen t 
formalin. After a few days, the samples were filtered through plastic tubes, 
one opening of which was closed with netting aind then dried in an aerated 
oven at 50 to 60°C long enough to obtaiin a double-checked standard weight. 
The samples were predried for 5 hours until the weights checked. A Mettler 
balance (with an accuracy of ± 0.0005 g) was used. The samples were then 
placed in a dessicator for 24 hours and the f,tnal we1ght obtaiined (L o v e r
g r o v e, 1966). Before the drying process, all indivtduals bigger ·than 3 cm, 
indudi:ng all la,rge ,salps, siphonophores and medusae, were separated under 
the mioroscope. Zooplainkton dry Weights are expressed in relation to the fil
tered water vo1'ume in mg/m3. 

RESULTS 

Dry Weight 

A total of 17 samples were collected duri.ng the December 1972 cruise 
(Figure 2) and subsequently analyzed. The maximum dry weight values obtain 
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ed for samples from stations K4 and 06 were 16.3 and 16.6 mg/m3 respec
tively. High values were also found in Keratsini Bay, the water body between 
the maiinland and the northeast coast of Salamis lsland, and also in the area 
extending a short distance below Salamis to the west. The outfall station, at 
the east end of Keratsini, showed no unusual values .. The minimum value of 
2.6 mg/m3 was obtained at station P4 (Figure 2). 
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Fig. 2 - Distribution of zooplankton bfomass (mg/m3) in the Saronikos Guit in 
December 1972. 

In January 1973, a series of 29 samples were analyzed and dried (Figure 
3). Frnm these data, three major areas of zooplankton biomass can be distin
guished; the outer Saronikos Gulf, the Saronikos proper and the Elefsis Bay. 
Dry weights from the Elefsis Bay had a maximum value of 78.9 mg/m3 ancl 
a mitniimum of 44.8 mg/m3. From the Saronlilkos proper, maximum values were 
17.2 mg/m3 near Keratsini outfall and 13.8 mg/m3 at station H3. The mini
mum value from the outer Saronikos was 2.0 mg/m3 observed at station 06. 

During March 1973, a series of 37 samples wel"e obtaiined and the dry 
weights determi:ned (F1gure 4). The maxtmum and minimum vail.ues for Elefsis 
Bay were 98.1 mg/m3 and 22.7 mg/m3 respec,tively. In the Sa.rond'kos proper the 
maxJmum value was 11.3 mg/m3, east of Salamis lsland. The minimum _value 
from the outer Saronikos was 0.5 mg/m3 obtained at station P5; • 
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Zooplankton Composiltion 

Based on zooplankton s.pecies composition, three major acreas including the 
outer Saroll1likos Gulf, the Saronirkos proper (Y a n no p o u 1 o s and Y a n n o
:? o u 1 o s, 1973) and the Ele.fsis Bay can be recognized. 

The zooplankton collected .Erom Elefsis Bay in January and March 1973 
was extremely monospecific. At least 99 percent of the individua,ls were 
Acartia clausi. The .remaining one percent was represented by Centropages, 
Oithona and Podon spp. together with decapods and polychaetes larvae and 
chaetognaths. In the east channel, between Sa,lamis Island and the mainland, 
the species composition was the same as in Elefsis Bay with the addition oJ 
Corycaeus sp. and Appendicularia. 

The species composition in the Saronikos pro.per and the outer Saronikos 
was quite different fr.om that of the Elefsis Bay. All Aegean species reported 
Ki o rt s i s et. al. (1970) were found in significant quantities . For example, the 
predominate copepods were species of .4.cm·tia, Temora, Calanus , Eucalanus, 
Clausocalanus, Centrov ages, Candacia, Ooithona, and Corycaeus. Acartia clcmsi 
was the most abundant species rnaking up approximately 30 pcrcent of the 
individuals. Other groups such as Appendicularia, siphonophores, chaetognaths, 
salps, decapods and polychaetes lčuvae were well distributed throughout the 
Saronikos Gulf . 

DISCUSSION 

Based on zooplankton dry weights obtatned from oblique hauls (from 20 
OT 25 m to the surface) it is possible to draw oondusions abouit the ver>tical 
dilstribution of zooplankton. In general, the zooplankton concentration was 
almost homogeno.m; at all depths at stations Hl, K3, K5, 05 in Jan-ua:ry 1973. 
At the same period, the maximum zooplanikfo.n biomass was concentrated in 
the deeper layers at stations P2 and H3, a,nd at the euirface at stati·on 06. In 
March the zoop1ankton biomass seemed to be homogenous in the water column 
at stati,on Hl. Concentrations ait surface layers occurred at stations H4 and 
P2 and in deeper Iayers at K5 and P3. 

Some of the vertical woplankton distributiion might be explained as a 
result of the water orrculation in the Gulf. The occuro:ence of homogenous 
concentrations suggest that the water masses are well mixed. The existence 
of higher zooplankton conoentrations at surface or at deeper layers suggest 
that endched wa1ter h as drifted into the .surface or into the deeper layers. 

On the basis of dry weight values, it is possible to recognize various masses 
of seawa,ter. The open Aegean Sea water mass ha1s biomass val-ues from 0.5 
to 2.9 mg/m J during winter (Y anno p o u 1 o s and Y anno p o u 1 o s, 1973). 
A second is characterized by considerably higher concentrations which 
are probably associated with previously enriched water but at the same time 
d!iJsconnected from the nutrient s·ource (see staition P6, Figure 1). Biomass 
values for this water mass vary between 7.0 and 9.9 mg/m3. The larger part 
of ·the Saronikos Gulf presents intermediate biomass values. This signifies 
extensive proportional mixing of the two aforementioned masses of water. 
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Much higher concentrations appear in waters directly in contact with the 
nutrient source. 1n this case, dry weights are between 10.0 and 24.9 mg/m:;_ 
Apparently, extreme physical and biological cand,itions not yet clar ified existed 
in Elefsis Bay thereby permitting very high biomass concentrations of between 
25.0 and 96.1 mg/m3. 

Acartia clausi was more abundant in areas near Keratsini (at the east 
channel of Salamis where the outfall [i.s located) and les:s abundant further 
from this point. The H4 sample of the March cruise had almost the same 
appearance as those obta:ined from Elefsis Bay with a species composition of 
90 percent A. clausi, 5 percent of Centropages and 5 percent of the remainin~ 
gmups. This suggested that the water at station H4 oDiginated in the Elefsis 
Bay. It should be mentioned that samples fr.om the surroundiing stations werc 
similar to the ones described for the Saronikos prnper, implying that Elefsis 
Bay water either exiisted spora.dically in time or that the spatial g,rid wa-s nat 
close enough to detect the pathway of this • water. Recent observatio:ns by 
Ci tare 11 a (1973) on ~ooplankton of the Gulf of LiQin, ind,icated that A. 
clausi and Calanus minor were very abundant in polluted waters. As stated 
above, A. clau.si wais more abundant near the outfall, ibecoming leiss abundant 
away from Keratsini into the Saronikos Gulf. This observation coincided with 
that of Ci tare 11 a (1973). In Elefais Bay, the situa1Jion was quite the oppo
site; the biomass of A. clausi increased further away from the nutrient source. 
For the March cruise, calculatioos far 3 stations in Elefsis Bay, from the we:;t 
to the east, were 96.1 mg/m:i, 59.2 mgim3 and 22 .7 mg/m \ respectively. The 
same occurred in January, that is, A. clausi biomass inc.reased frorn the east 
to the west while nutrient values decreased in the same direction (C o a ch
m a n, Hop ki n s and Dug da 1 e, 1976). Nutrient values were very high 
throughout Elefsis Bay a'nd the distribution may have been diictated by other 
chemoenvir,onmental effects. In the Saronikos proper, high concen:trations of 
A. clausi occui,red at station H4 (March) indicating a :recent exltt of some wate1· 
from Elefsis Bay. It ,is assumed that the presence of A. clausi at that station 
is the res1Ult of a drtft out through the east channel and a dispersio;n into 
Saroni,kos p roper. 1n such a case, the observations of Ci ta r el 1 a (1973) do 
nat apply to the Saronikos. Apparently, there were other envi:wnmenta1 fac
tors that effected the concentrations of A. clausi in heavily polluted areas 
such as the eastern part of the Elefsis Bay and the Sarnnilkos pro.per inear th2 
outfall. In Elefsis Bay 80 percent of the total phyto;plankton lin January con
sisted of dinoflagellates (Gude n b erg, 1976), while the main group far the 
Saronikos proper were dia,toms. This probably favored A. clausi to flour<ish 
significantly. 

During the March cruise; a bloom of Noctiluca miHaris was observed 
and the number per m3 was calculated. From the oblique hauls, it was 
noted that concentrations of N. miiiaris were in the deeper and nat in the 
surface layers. At stations K5 and H4, there were no N. m iliaris in the samplcs 
obtained between 20 or 25 m and the surface. In contrast, there were signific;.
ant amounts in vertical hauls at the same stations, at K5, 1272 and at H4, 1695 
individuals per m:1 respectively. The .main concertration of N . miliaris was 
obta,~ned from vel't-ical hauls along line H on 8 March, with maximum numbers 
of 4562 and 4200 individuals per m3 from stations H3a and H5a 'respectively. 
Stations along the F line, were relatively poor in N. m'iliaris during the first 
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sampling of 9 March, on repeated sampling of these stations on 13 March, the 
biomass was quite different and also great numbers of N. miliaris were found , 
6533 at station F 4, 4973 individuals at station 5 and 6343 at the station which is 
near the outfall. This very important result s-uggests the need for further 
investigabions which would combine data on water movemenbs, nutrient con
centTations and phytoplankton. 

Compar.ing prev.ious da-ta on z·ooplankton, it 1s ass-umed 1that the standing 
stock of the Saronikos Gulf was of the same abundance as that in the Gulf 
of Lion reported by Are 11 a no - Le nn o x (1970) and the middle Adriat ic 
Sea J"eported by Vuče ti ć (1961) and as shown ~n Table 1. 

Table 1. A comparison of the zooplankton biomass obtained from several areas in 
the Mediterranean Sea. 

Author Location 

ARELLANO-LENNOX (1970) Marseille and Lion 
Gulfs 

VIVES (1968) 

VUCETIC (1961) 

YANNOPOULOS and 
YANNOPOULOS (1973) 

YANNOPOULOS and 
YANNOPOULOS 

(present paper) 

YANNOPOULOS and 
YANNOPOULOS 

(present paper) 

Catalan Plateau 

Adriatic Sea 

Saronikos and South 
Evoikos Gulfs 

Saronikos Gulf 

Elefsis Bay 

Dry weight 
(mg/m3) 

max 7.39 
March-May 

min 7.04 

max 21 
March-July 

min 7 

max 26.0 
June-July 

min 4.7 

max 5.5 
August 1969 

min 2.3 
max 11.5 

March 1970 
min 2.3 

max 16.6 
December 1972 

min 2.6 
max 17.2 

.January 1973 
min 2.0 
max 11.3 

March 1973 
min 0.5 

max 78.4 
January 1973 

min 44.8 
max 96.1 

March 1973 
min 22.7 
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CONCLUSIONS 

The zooplankton biomass in the Saronilkos proper is 5 to 10 times higher 
than that of the outer Saronikos Gulf and the open Aegean Sea. 

The propor1liorns between the va,rious species are abo,ut the same iin the 
Saronikos Gulf and in the Aegean Sea with the exception of the species which 
are favored in eutrophic waters such as Acartia clausi. and Noctiliica rniliari.s . 

The zooplanMon biomass in Elefsis Bay is extremely high, 20 to 50 ti,mes 
that of the open Aegean Sea. 

The zooplanktonic community lin Elefsiis Bay appears ext>remely mono
specific, probably beca,use of yet undetermined factors which in addition in
hibit the flourishing of all other species. 

SUMMARY 

The Saronikos Gulf can be divided inio three major areas based on 
the eutrophication. The areas include the outer Saronikos Gulf with a zao
plankton biomass from 0.5 to 2.9 mg/m 3; the Saronikos prcxper with zoo
biomass from 3.0 to 1'7.2 mg/m:1 and Elefsis bay with zooplankton biomass 
from 25.0 to 96.1 mg/m:1. 

The zDoplankton concentrations at the surface or at deeper layers varied 
from one place to ar.other and depended ma·inly on the circulatron of the water 
masses. 

The zooplanktonic community appeared extremely monospecific in Elefsis . 
Bay and consisted of Acartia clausi only. In the Saronikos .proper all the 
Aegean Sea species were present but A. clausi was the most abundant, roughl.v 
comprising 30 percent of the total population. A.. clausi in the Saronikos 
Gulf may have originated in the Elefsis Bay. 

It was apparent that the eutrophic waters had a higher zoo.planktonic 
biomass and altered the species composition. In the extreme case of Elefsis, 
a mono-speaific population of very high biomass was found. l!n the less eutrop
hic waters of Saronikos proper a predominance of certain species (A. clausi 
and N . miliaris) and intermediate biomass values were found. 
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KRATAK SADR2AJ 

Zaljev Saronikos se prema stupnju eutrofikacije može podijeliti u tri 
osnovne zone : vanjski dio zaljeva ima zooplanktonsku biomasu od 0.5 do 2.9 
mg/m3, zaljev u užem smislu od 3.0 do 17.2 m g/m 3, a zaljev Elefsis od 25.0 
do 96.1 mg/m 3. 

Koncentracija zooplanktona na površini i u dubljim slojevima ovisi pre
težno o cirkulaciji vode. 

Zooplan:Jdonska zajednica u zaljevu Elefsis je ekstremno monospecifična 
i sastoji se samo od kopepoda A. clausi. U sarmom zaljevu Saronikos su pri
sutne sve vrste Egejskog mora, ali A. clausi predstavlj a 30°/o ukupne popula
cije. Ona moguće potjeće iz zaljeva Elefsis. 

Jasno je da eutrofne vode imaju višu zooplanktonsku biomasu i izmijenjen 
sastav. Zaljev Elefsis je ekstreman s vrlo visokom biomasom samo jedne 
vrste. U manje eutrofiziranom području samog zaljeva Saronikos uz umjerenu 
biomasu prevladavaju određene vrste. 




