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The annua l cycle of zoop la nkton species composition was studi ed during two yea rs in two shallow areas Helsted sve j 10 
of Sarol1ikos G ulf (Greece ). Elelsis Bay is a semi-enclosed area receiving a large volume of domesti c and in DK-3480 Fredensborg 
dustri al effluents. The JvI e to pi area is located in the centre of Saron ikos Gulf far away from the pollution Denm ark 
sources. In Elefs is Gay the annual cycle was characterized by the extreme dominance of Aeartia c/ausi during 

il7ienlr.ltiul'/al Sympu.lilll11 Seriesthe January-May period o f both years, whil e changes occurred during the summ er- autu mn period as four 

assemblages were distingu ished according to the hierarchical clu stering. In the Metopi area spec ies com
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posit ion was different from that in Elefsis Ba y: the winter assemblage was character il.ed by Clal1so(lllal'l115 

pergens , Ctenoea /a l1us vanl.lS, the summer o ne by Pel1i/ia avirostris, Temora sty/i(era, Clau50calal11.1s furcatu.l, 

the autumn by Ol1eaea media, Oithol1a plul11i fera and Paraea/anus parvu5, while during spring three assem

blages were distinguished. Correspondence analysis revealed th at the seasonal evo lution of the communi

ty in th e Metopi area can be related to temperature as well as to the influence of the open sea, while the 

above in fluences were no t obvious in th e Elefsis Bay community. Rank-frequency diagra ms and di ve rsity 

index values showed a well-structured community in the Metopi area and a di sturbed co mmunity in Elefsis 

Ba y. Differences of these two communities could be attributed to pollution impact affecting them differ

ent ly, couplecl wi th t he to pograph y of the area . 
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Introduction 

The morph ology of Saronikos Gulf (islands and peninsulas) results in the distinc

tion of four major sectors: the inner gulf with a mean depth of 80 m, the outer one 

with a mean depth of 150 m, the western basin with depths va rying between 80 and 

400 m and Elefsis Bay with maximum depth of 30 m. Elefsis Bay is a semi-enclosed 

area, communicating through a western channel, 8 m deep, with the western basin 

and through an eastern channel, 12 m deep, with the inner gulf. According to 

Yannopoulos & Yannopoulos (1973) and Hopkins & Coachman (1975), Saronikos 

Gulf is differentiated hydrologically. Four different water masses have been distin

guished, corresponding to the sectors mentioned above. Elefsis Bay water mass has 

a renewal time of about seven months while the time scale in the inner gulf is of 

the order of one month and about two months or longer for the upper layer of the 

western basin (Hopkins & Coachman 1975). The outer Saronikos Gulf communi

cates with the Aegean Sea which provides source water to Saronikos Gulf. During 

the win ter period, the vertical mi xing of the water column and the low differences 

of water density in the horizontal scal e, faci litate the movement of the gulf water 

masses as a result of the influence of the wind or the general circulation of the 

Aegean Sea (Christianidis 1991). 


Elefsis Bay receives industrial pollution along its northern shore and domes tic 

wastes through the eastern channel from the metropolitan Athens sewage effluent. 

As a result, high leve ls of nutrients are detected in the bay (Friligos 1981), leading 

to phytoplankton blooms (lgnatiades 1983). In the western basin of Saronikos Gu lf 
 Figure] . 

Positioning of sa mpling stations. a shallow area (17 m) exists between the Aegina and Metopi Islands (Figure 1). The 

level of nutrients and chlorophylI-a values in the area indicate an oligotroph ic char
 Figure 2. 

Variations of temperature andacter (fgnatiades 1983). Seasonal changes of temperature and salinity depth inte
sa linity depth integrated va lues at

gra ted values at both areas are presented in Figure 2. The ann ual cycle and the struc stal'ion 1 and stati o n 2 (da ta from 
ture of zooplankton were studied in these two areas in o rder to assess differences Barbetseas 1986). 
and /or similarities. 
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Figure 3. 
Fluctuations of total zooplankton 
abundance in Elefsis Bay (st. 1) 
and the Metopi area (st. 2). 

Figure 4. 
Fluctuations of species di versity 
and dominance index at both 
stations. 

Materials and methods 

Zooplankton samples were collected monthly fromJanuary 1984 to December 1985 

at two stations, one in Elefsis Bay (station 1) and the other one in the Metopi area 

(station 2). Samples were not collected in February 1984 at both stations nor in May 

1984, October 1984 and in May 1985 at the Metopi station. Sampling was per

formed by oblique hauls in the 0-20-m layer at the Elefsis station and in the 0-15
m layer at the Metopi station, using a WP-2 net (200 flm mesh size). The average 

volume of the filtered water was 60 m3 at the Elefsis Bay and 54 m3 at the Metopi 

station. Species identification concerned copepods, cladocerans and appendicular

ians and specimen counts were made in aliquots varying from 1/10 to liz of each sam

ple. In order to study the annual cycle of zooplankton, correspondence analysis was 

performed on the samples . species data matrix of each station (Benzecri et ai. 1973). 

Ascending hierarchical clustering based on the X2 distance was used (Laurec 1979) 

for the discrimination of species assemblages. In order to assess faunal similarities 

between areas, non-metric multi-dimensional scaling (MDS) was employed accord

ing to Field et al. (1982) and classification of samples was performed (Clarke & Green 

1988) . The raw data, expressed as number of individuals per m 3 were transformed: 

Yij = sq (Xi;)' The average-linkage clustering technique was used based on the Bray

CurtiS similarity matrix. The species diversity of the community was estimated ac

cording to the Shannon-Wiener diverSity index (Shannon & Weaver 1963) and 

dominance was calculated according to the formula described by Hulburt (1963). 

The evolution of zooplankton community structure was studied using the rank-fre

quency diagrams (Frontier 1985) . 


Results 

The total zooplankton abundance fluctuated temporally and these fluctuations var

ied between areas (Figure 3). Maximum densities were recorded in Elefsis Bay in 
January 1984 (7460 ind.· m-3) and in the period February (19090 ind.· m-3) to April 
1985. Exceptional high abundances were also recorded during September 1984 
(8021 ind o . m-3). Lower values were registered during summer and autumn. In the 
Metopi area lower density values were found in the autumn-winter period and 
higher valves during spring (3228 ind.· m-3 in March 1985) and summer (3819 
indo . m -3 in July 1985). The mean density value in the Metopi area was lower (1053 
indo . m-3) than in Elefsis Bay (3061 indo . m-3). 
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89 A total of 59 species was found in Elefsis Bay; in many samples the relative abun
dance of the first species exceeded 50% of the total zooplankton numbers resulting 
in very low diversity values (0.045-2.94 bits· ind.-I) and very high dominance values 
(33.49-99.79%), mainly during the winter-spring period (Figure 4). During the sum
mer-autumn period, zooplankton was more diversified. This is also obvious from 
the rank-frequency diagrams (F igure 5): almost rectilinear in winter-spring and 
slightly curved during summer months. Dominant species abundace and relative 
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Figure 5. 
Rank·frequency diagrams at both 
stations. 
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90 	 abundance fluctuations are given in Table 1. The copepod Acartia c/ausi dominated 
during the period January-May 1984 and February-May 1985: its density varied SiokOLl-Frangou et a/. 

Two neighbouring between 285 and 19019 ind .. m-3 while this species represented more than 90% of 
zooplankton communities the zooplankton. Among the other species the presence of the copepods Oithona 

nana and Isias c/avipes and the cladoceran Evadne nordmanni was quite important. 

1984 January March Mid Apr il End April May june 
Ab. % f\b. % Ab. % Ab. % Ab. % Ab. % 

Amrtia clausi 7413.8 99.38 852.1 96.43 2440.0 76.50 3216.7 97.10 1145.9 94.95 16.3 9.68 
Acartia latisetosa 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 
Cmtropages pontieus 0.0 0.00 0.0 0.00 1.5 0.05 0.0 0.00 0.0 0.00 0.0 0.00 
Oitl7ona l1ana 0.0 0.00 0.8 0.09 313 .2 9.82 2.7 0.08 0.6 0.05 7.1 4.25 
Paraca lanus parvus 0.0 0.00 0.1 0.01 0.0 0.00 4.7 0.14 3.9 0.33 1.7 l.00 
Temora stylifem 0.0 0.00 0.0 0.00 0.5 0.02 0.0 0.00 0.0 0.00 l.1 0.65 
Evadne tergestilla 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.3 0.21 
Pmilia avimstris 0.0 0.00 0.0 0.00 0.6 0.02 0.0 0.00 0.0 0.00 125.4 74.68 
Podon polyphemoides 13.0 0.17 0.0 0.00 11.3 0.35 0.0 0.00 17.3 1.44 0.3 0.17 
Appendiwlaria siai/a 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.1 0.06 
Fritilfmia haplostomQ 0.0 0.00 00 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 
Oikopleura dioica 0.0 0.00 0.4 0.05 11.8 0 .37 0.0 0.00 1.1 0.09 1.2 0.69 
Larv. Decapoda 5.6 0 .08 5 .4 0.61 55 0.17 9.5 0.29 19.1 1.58 7.8 4.66 
Larv. Gastropoda 0.0 0.00 0.6 0.07 25.9 0.81 0.0 0.00 0. 1 om 1.0 0.62 
Larv. Lamellibranch ia 0.7 0 .01 0.0 0.00 11 .2 0.35 2.3 0.07 0.4 0.04 0.2 0.12 
Larv. Po lychaeta 6.3 0.08 1.8 0.21 2165 6.79 16.2 0.49 0.3 0.03 0.0 0.00 

1984 july August September October November December 
Ab. % Ab. 'ilo Ab . % Ab. % Ab. % Ab. % 

Acartia clausi 483.8 34.52 219.5 15 .15 861.7 10.74 357.2 9.03 180.8 7.36 288.5 1l.21 
Acartia latisetosa 0.0 0.00 12.0 0.83 100.2 l.25 109.2 2.76 23.9 0.97 1.4 0.06 
Centropages pontieus 0.0 0.00 34.5 2.38 115.9 1.44 1.5 0.04 5.3 0.22 0.6 0.Q2 
Oithona na11a 5.5 0.40 5.1 0.35 1.1 om 0.0 0.00 1.0 0.04 0.0 0.00 
Paracah7l1us parv/./s 0.6 0.04 7.3 0.51 63.1 0.79 4.3 0.11 37.7 1.54 11 .8 0.46 
Temora Slylifc~-a 0.9 0.06 119.2 8.23 4.6 0.06 1.3 0.03 3.3 0.14 1.5 0.06 
Evadne lergestina 322.3 22.99 435.4 30.06 678.6 8.46 638.6 16.14 295.0 12.01 9.5 0.37 
Pmilia avirostris 577.3 41.1 9 496.6 34.28 6174.1 76.97 2795.2 70.67 1394.4 56.77 1763.5 68.53 
Podon polyphemoides 0.9 0.06 0.0 0.00 0.0 0.00 40.0 l.01 441.0 17.95 492.3 19.13 
Appendicularia siCIlia 0 .1 0.00 0 .1 001 0.0 0.00 0.0 0 .00 0.0 0.00 0.0 0.00 
Fritillaria Ilaplostoma 0.0 0 .00 00 000 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 
Oikopleura dioica 0.3 0.02 1.3 0.09 0.0 0.00 0.0 0.00 40.0 1.63 0.7 0.03 
Larv. Decapoda 5.2 0.37 44.1 3.05 9.0 0.11 1.5 0.04 3.2 0.13 0.0 0.00 
Larv. Gastropoda 1.0 0.07 1.2 0.08 6.1 008 0.0 0.00 3.7 0.15 0.0 0.00 
Larv. Lamellibranchia 0.3 0.02 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 
Larv. PoJychaeta 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 

1985 january Februa ry March End April May June 
Ab. % Ab. % Ab. % Ab. % Ab. % Ab. % 

Acartia clausi 143.3 39.0919019.6 99.63 9638.1 97.12 5491.1 99.15 285.4 89.92 45.8 37.65 
Acartia latisetosa 2.7 0.74 3.4 0.02 2.5 0.03 0.0 0.00 00 0.00 0 .0 0.00 
Centropages pontiCIIs 00 0.00 0.0 0.00 0.0 0 .00 0.0 0.00 0 .0 0.00 0.0 0.00 
Oithona nalla 3.1 0.84 3.4 0.02 1.0 0.01 2.4 0.04 0.0 0 .00 1.2 0.95 
Paracalanus parvl/s 12.9 3.52 4.6 0.02 18.7 019 5.7 0.10 13.3 4.20 0.9 0.75 
Temora slylifera 0.5 0.14 0.0 0 .00 0.0 0.00 0.3 0.01 0.4 0.12 0.5 0.44 
Evadl1e terges tilw 0.0 0.01 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0 .00 2.5 2.08 
Pel1i1ia avirostris 0.0 0.00 0.6 0.00 0.0 0.00 0.0 0.00 0.1 0.02 3 .7 306 
POdOll polypl7emoides 72.3 19.71 4.4 0.02 1.1 0.01 0.0 0.00 0.0 0.00 1.0 0.79 
Appel1diwlaria sialla 0.0 0.00 0.0 000 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 
Fritillaria l7aplostoma 0.0 0.00 0.0 0.00 0 .0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 
Oikapleum dioim 6.6 l.81 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.4 0.35 
Ll rv. Decapoda 2.0 0.55 11.7 0.06 10.6 0.11 5.2 0.09 7.4 2 .33 50.0 41.12 
Larv. Gastropoda S.l 2.22 0.4 0.00 0.6 om 1.0 0.02 0.2 0.07 8.3 6.8 1 
Larv. LamelJibranchia43.4 11.83 1.1 0.01 3.3 003 4.2 0.08 1.3 0.42 3.0 2.44 
Larv. Polychaeta 30.1 8.21 15.9 0.08 38.4 0.39 2.0 0.04 0.4 0.14 0.7 0.60 

1985 Jul y Aug ust September October November December 
Ab. % Ab. % Ab. % Ab. % Ab. % Ab % 

Acartia clclUsi 89.6 42.06 0.0 0.00 3.7 233 0.0 0.00 1.2 0.26 0.0 0.00 
Acartia latisetosa 101 4.75 136.1 15.52 3.9 2.50 0.0 0.00 0.0 000 0.0 0.00 
Centropages pOl1tials 21.0 9.86 69.0 7.88 50.7 32.29 2.8 5.72 2.0 0.43 0.0 0.00 
Oi/I1ol1a nal1a 0.2 O.OS 21.8 2.49 0.0 0.00 0.5 1.03 1.1 0.25 0.7 0.26 
Pamcalanus PalVtIS 21.9 10.26 8.1 0.93 3.4 2.18 0.0 0.07 7.1 1.54 4.0 1.43 
Temora Slylifera 15.5 7.27 138.6 15.82 31.2 19.86 0.3 0.57 1.2 0.27 1.7 061 
Evadne telgestina 1.2 0.56 140.7 16.06 1.6 1.00 0.0 0.09 1.1 0 .25 0.2 0.08 
Pel1i1ia avirostris 0.8 0.36 3.5 0.40 0.6 0.41 0.0 0.00 0.0 0.00 0.0 0.00 
Padon polyphemoides I.S 0.84 150.5 ll.18 22.6 14.41 23.5 48.39 424.6 91.56 202.5 73.06 
Appendicularia sicu la 0.0 0.00 142.9 16.31 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 
Fritiliaria haplostol11a 0.0 0.00 0.0 0.00 00 0.00 10.6 21.74 8.0 1.73 0.0 0.00 

Table 1. 
Fluctuatio ns o f dominant species 
and groups abunda nce, ind.· m-3 

(Ab.) and re la tive abundance (%l 
at Elefsis Ba y. 

Oikoplewa dioica 0.2 0 .08 
Larv. Oecapoda 33.4 15.69 
Larv. Gastropoda 4.8 2.25 
Larv. Lamellibranchia 0.1 003 
Larv. Polychaeta 0.3 0. 16 
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91 In the period June-December 1984 the cladoceran Pen ilia avirostris was the most 
abundant species (125-6174 indo . m-3 and 4l.19-76.97%). It was accompanied by 
the cladoceran Evadne tergestina (max. 30% in August), the copepod A. clausi, the 
cladoceran Podon polyphemoides (max. 19% in December) and small numbers of the 
copepods Temora stylifera, Paracalanus parwls, Centropages ponticus and Clausocalanus 
furcatus. In January 1985 A. clausi and the cladoceran P. polyphemoides were abun
dant, while the presence of meroplanktonic larvae was important (lamellibranchs 
11.83% and polychaetes 8.21 %). The abundance of A. clausi was lower in June and 
July 1985 than the previous months and zooplankton was also dominated by the 
copepods Acartia latisetosa, P. parvus, T stylifem, C. ponticus and decapod and gastro
pod larvae. In August and September 1985 copepod species (T stylifem, C. ponticus, 
A. latisetosa), cladocerans (P. polyphemoides, E. telgestina) and the appendicularian 
Appendicularia sicula were abundant. During the last three months of 1985 the zoo
plankton was dominated by the cladoceran P. polyphemoides (max. 424 indo . m-3 and 
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91 % in November) and among the other species the presence of the copepods 
Acartia margale{i, P. parvus and C. ponticus and of the appendicularian Fritillaria hap
lostoma was important. 

The above fluctuations of species composition in Elefsis Bay are also obvious in 
the first two axes plane of the correspondence analysis, which accounted for 35.6 
and 19% of the total variance (Figure 6). Samples of the January-May 1984 period 
and of February-May 1985 are projected very closely and are also in close vicinity 
to A. clami indicating similar zooplankton composition during this period. This 
species characterizes the winter-spring assemblage in both years, accompanied by 
the species E. nordmanni, Mesocalanus tenuicornis, Clausocalanus pelgens, Eutelpina 
acutifrons and Podon intermedius. The distance observed between the May and June 
1984 samples indicates a great change in zooplankton composition due to the ap
pearance of P. avirostris, found in high abundance values. This species characterizes 
the assemblage of summer-au tumn 1984, accompanied by Evadne tergestina, Is chno
ca/anus temlis, Oikop/eura mediteITanea and Oikopleum dioica. Samples of the period 
June-December 1984 are projected closely to each other, suggesting small changes 
in composition, while a greater difference occurred in January 1985 due to the reap
pearance of A. clausi and the abundance of meroplanktonic larvae (bivalves and 
polychaetes) and medusae (Aurelia aurita ephyrae). June and July 1985 samples are 
projected close to January 1985 due to the similarity in community composition (A. 
clausi and meroplanktonic larvae) creating a new assemblage. Another assemblage 
is distinguished for August-September 1985, characterized by C. ponticus and T 
stylifem which are accompanied by the copepods A. latisetosa, COIycaeus giesbrechti 
and the appendicu]arian Appendicularia sicula. Finally the appearance in abundance 
of P. po/yphemoides in October 1985 differentiates the zooplankton assemblage 
composed by this species together with the copepod Acartia mwga/e{i and the 
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Figure 6. 
Correspondence analysis 
(1 . 2 plane) of data collected in 
Elefsis Ilay (s t. 1). 
IA = January 1984; 
lB. = January 1985; 
FIl = February 1985; 
MA = March 1984; 
MIl = March 1985; 
Al = mid April 1984; 
A2 = end April 1984; 
All = April 1985; 
MAA = May 1984; 
MAIl = May 1985; 
INA ~ June 1984; 
[NIl = June 1985; 
ILA =July 1984; 
ILIl = Jul y 1985; 
AYA =August 1984; 
AYB = August 1985; 
SA = September 1984; 
SIl = September 1985; 
OA = October 1984; 
OIl = October 1985; 
NA = November 1984; 
NB = November 1985; 
DA = December 1984; 
DB = December 1985. 
acl = A. clausi; 
ala = A. latisetosa; 
ama = A. margale(i; 
ane = A. negligens; 
aps = A. simla; 
cap = C. pava; 
cay = C. pavoninus; 
cet = C. typicus; 
cep = C. ponticus; 
cha = chaetognaths; 
che = C. helgolandiw5; 
cia = C. arcuicornis; 
clf = C. {lIrcatus; 
eLj = C. jobei; 
cI p = C. pergens; 
cog = C. giesbrechti; 
ctv =C. vanllS; 
dol =dol iolids; 
evn = E. nordmanni; 
evs =E. spinifera; 
evt = E. terges tina; 
far = F. rostrata; 
frh = F. haplostoma; 
frp = F. pel/ucida; 
isi = I. elavipes; 
ist = 1. tern/is; 
lde = L. decapods; 
Iga = L. gastropods; 
Ila = L. lamellibranchs; 
lpo = L. polychaetes; 
mte = ,vI. tmuicornis; 
med = medusae; 
nmi = N. minor; 
oid = O. dioica; 
oil = O. longicallda; 
oim = O. meditenanea; 
oin = O. nana; 
ois = O. similis; 
oip = O. plumifera; 
onm = O. media; 
pap = P. parvus; 
pea = P. avirostris; 
poi = P. intennedius; 
pop = P. polyphemoides; 
pte = pteropods; 
sal = sa Ips; 
sip = siphonophores; 
tes = T stylifem. 

http:4l.19-76.97


Jan. 84 Mar. 84 Mid Apr. 84 End Apr. 84 June 84 Jul y 84 Aug 84 

Ab. % Ab. % Ab. % Ab. (Yo Ab. 9il Ab. % Ab. % 


Nafltlocalanus minor 0.0 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0 0.00 0.6 0.02 0.4 0.14 
Calocalanus pavoninus 0.0 0.00 0.5 0.05 4.0 0.51 11.8 1.00 0.4 0.03 0.8 0.04 0.3 0.08 
Centropages typicus 7.8 2.95 57.6 5.23 125.2 15.75 1301 1UlO 16.1 1.42 0.2 om 0.0 0.00 
C!ausoealanus furcatLis 2.6 0.97 0.0 0.00 0.0 0.00 1.3 0.11 99.1 8.75 316.1 14.27 21.0 6.65 
C!ausucalanus jobei 0.0 0.00 4.3 0.39 l.0 0.12 00 0.00 0.1 om 0.0 0.00 8.1 2.58 
Clausoealauus pelgens 97.2 36.85 75.9 6.89 55.6 7.00 489 4.14 0.0 0.00 0.0 0.00 0.0 0.00 
Ctenocalanus vanus 33.2 12.60 789 7.16 85.7 10.78 200.3 16.93 0.1 0.01 0.0 0.00 0.3 0.10 
OithonCi similis 2.5 0.96 2.4 0.22 91.6 11.52 8.8 0.74 2.6 0.23 5.2 0.23 1. 7 0.53 
Oithona plumifera 40.9 15.50 8.9 0.81 6.9 0.86 111 0.94 37.4 3.30 30.8 1.39 19 .5 6. 19 
Oncaea media 0.8 0.30 25.5 2.31 10.6 1.33 13.7 1.1 6 U.O 0.97 38.9 1.76 2.2 0.70 
Pamealanus pan'us 14.5 5.49 19.2 1.74 70.8 8.91 219.8 18.58 5.4 0.48 55.0 2.48 0.7 0.23 
Temora sty/ifera 5.5 2.08 11.9 1.08 1.1 0.13 5.0 0.42 78.5 6.93 522.6 23.60 78.8 24.96 
Evadne nordl11anni 0.4 0.16 547.6 49.69 54.5 6.86 133.0 11.25 0.0 0.00 0.0 0.00 0.0 0.00 
Evadne spinifera 0.7 0.28 5.7 0.52 47.9 6.02 2461 20.80 88.9 7.85 27.4 1.24 61.6 19.50 
Evadne tersestina 1.3 0.51 1.5 0.14 0.0 0.00 0.0 0.00 2.7 0.24 57.4 2.59 3.5 1.10 
Penilia avirostris 0.0 0.02 0.7 0.06 0.0 0.00 1.4 0.12 577.1 50.94 636.3 28.73 31.8 10.09 
Flitiliaria pellueida 9.2 3.48 33.5 3.04 0.0 0.00 0.3 0.03 0.0 0.00 0.0 0.00 0.0 0.00 
Oikopleura lungicauda 0.0 0.00 1.2 0.11 1.7 0.21 3. 1 0.26 67.9 6.00 164 .2 7.41 28.4 9.00 
Doliolidae 0.9 036 30.0 2.72 4.8 0.60 0.0 0.00 47.9 4.23 33.7 1.52 11.6 3.67 

Sep.84 Nov. 84 Dec. 84 Jan. 85 Feb. 85 Mar. 85 Apr. 85 
Ab. % Ab. % Ab. (Yo Ab. % Ab. % Ab. % Ab. % 

Nall110ca/rm1l5 minor 4.4 036 2.8 5.89 6.9 187 3.9 0.28 7.7 1. 77 0.0 0.00 10.2 1.32 
Calomlanus pavoninus 0.5 0.04 0.0 0.00 4.8 130 9.1 0.66 4.0 0.93 0.7 0.02 1.0 0.13 
Centl'Opages typiws 0.3 0.02 0.1 0.21 0.2 0.06 6.4 0.46 14.6 3.35 113.0 3.50 176.2 22.70 
C1al/socalanlis {urcatus 505.3 41.5 9 16.1 34 .41 80.8 21 84 47.4 3.42 2.3 052 0.0 0.00 0.5 006 
C1ausoealan us jobei 4.8 0.39 0.7 1.43 18.6 5.01 56.2 406 9.9 2.28 9.1 0.28 18.0 232 
Cillusowianus pelgfll5 0.0 0.00 0.1 0.14 0.0 0.00 77.5 5.60 121.2 27. 83 151.8 4.70 0.7 0.09 
Ctfl1oeala17us Va7l11S 0.2 002 0.1 0.24 33.8 9.12 83.6 6.04 23.7 5.45 239.7 7.42 58.8 7.58 
Oiti-IOI1!7 similis 00 000 0.0 0.00 4.6 1.24 72.8 5.26 578 13.27 1150.7 35 .64 38.5 4.97 
Oitholla p/III"I1ifna 2.0 016 6.9 14.68 27.7 748 26.8 194 27.3 6.27 148.0 4.58 38.8 499 
Ol/wea /'II edia 102.6 8.44 7.1 15.05 23.7 6.40 51.7 3.74 28.2 6.47 211.2 6.54 3.7 0.47 
Pamelliantl; pllrvus 4.0 033 3.8 8.17 43.4 11. 73 755.6 54.58 38.7 889 590.3 18.28 148.7 19.17 
Temora stylifera 68.0 560 0.3 0.62 5.3 1.42 9,4 0.68 2.4 0.56 6.5 0.20 3.8 0.48 
Evadne nordmanni 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0 .0 0.00 68 0 .21 176.9 2280 
Evadne spil1ifera 273.0 22.47 0.1 0.17 0.0 0.00 0.0 0.00 0.0 0.00 0.7 0.02 0.0 0.00 
Evadne telges tina 28. 1 2.32 0.0 0.00 0.3 0.07 0.0 0.00 00 000 0.0 0.00 0.0 0.00 
i'enilia avirostris 11 0.09 4.2 8.99 2.2 0.59 00 0.00 0.0 0.00 0.0 0.00 0.0 000 
Fritillaria pellucida 00 000 0.0 0.02 3.6 0.96 0.1 0.00 4.2 0.97 2.9 0.09 0.0 0.00 
Oikop/eura lungicauda 66.7 5.49 0.0 0.00 13. 7 3.70 2.0 0.14 0.8 0.19 7.7 0.24 00 0.00 
Doliolidae 39.4 325 0.0 0.00 11.8 3.19 0.7 0.05 1.0 0.23 2.3 0.07 1.1 0.14 

June 85 July 85 Aug. 85 Sep. 85 Oct. 85 Nov 85 Dec. 85 
Ab. tyo Ab. % Ab. % Ab. % Ab. (Yo Ab. % Ab % 

Nan noealanus mil10r 5.6 0.35 0.3 0.01 0.3 0.05 6.1 1.34 60.2 622 17.3 2.85 3.9 1.22 
Caloeo/anus pavoninLl> 0.3 002 0.0 0.00 0.0 0.00 10.8 2.40 51. 7 534 15.5 2.54 11 0 3.49 
Centropages typicus 20.1 1.25 0.2 0.00 00 0.00 0.3 0.08 1.6 0 .16 0.5 0.09 J.3 0.40 
C/a/lsocalanus fureatus 1305 8. 13 1205.5 3 1.57 1241 20.02 194.7 43.16 325.1 33.62 102.6 16.86 46.6 1477 
C1ausocalanus jobei 15.9 0.99 00 0.00 0.4 0.07 2.0 0.45 32.0 3.31 27.7 4.56 4.1 1.29 
C1ausocalalllls INlgens 00 0.00 0.0 0.00 00 0.00 00 0.00 0,4 0.04 0. 1 0.02 1.6 0.51 
Ctmocalanus vanus 1.0 0.06 0.0 0.00 0.0 0.00 01 0.03 12.1 1.25 26.7 4.38 158 502 
OWlOna similis 0.2 0.01 1.8 0.05 0.1 0.02 5.0 1.10 6.4 0.66 15.1 2.47 13.8 4.38 
Oithona p/wnifera 54.1 3.37 14.0 0.37 1.2 0.20 73.3 16.25 1308 1353 30.3 4.98 28.4 8.99 
OncClc(I media 15.6 0.97 9.4 0.25 0.9 0. 15 3.8 085 8.1 0.84 13.8 2.26 18.0 5.69 
Paraca/allus parvus 178.9 11.15 1081.3 28.32 70.9 11.44 27.5 6.10 85.0 8.79 115.9 19.05 97.9 31.00 
Temora It)'lifera 347.7 21.67 365.1 9.56 225.5 36.37 27.3 6.05 2.4 0.25 6.0 0.99 2.4 0.76 
Evadlle Ilordmcultli 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 00 0.00 0.0 0.00 
Evadne spini(era 403 2.51 26.3 0.69 102.1 16.46 2.8 063 2.3 0.24 5.8 095 0.0 001 
Evadne telgestina 8. 1 0.5 1 2.8 0.07 29.1 4.70 29.2 6.47 13.1 1.36 18.1 2.97 0.4 0.13 
Peni/ia avirostris 544.5 3394 950. 1 24.88 1.6 0.27 17.4 3.87 12.9 1.34 10.8 1.77 0.4 0.12 
Fritillaria pellueida 00 0.00 0.0 0.00 0.0 0 .00 0.0 0 .00 6.9 0.71 86.0 14.13 0.0 0.01 
Oikopleura longicauda 30.9 1.93 20.4 0.54 4.9 0 .79 2.0 0.45 16.3 1.68 5.2 0.85 1.2 038 
Doliolidae 96.0 5.98 33.3 0.87 13.7 2.21 5.3 1.18 100.8 10,43 15. 1 2.47 1.0 0.3 1 

Table 2. FI uctuations of domina n t appendicularian Fritillaria haplostoma. This assemblage is observed a lso during 
species and group abundance, November and December 1985. The evolution of the annual cycle of zooplankton
ind· m- 3 (Ab.) and relative abun

composition was similar for both years only during the winter-spring p eriod.dance (%) at the Metopi area .. 
Winter- spring samples of both years and A. clausi have negative values on the 

first axis, ver5US the summer-autumn 1984-samples and P. avirostris which all have 
positive values. As these species contribute noticeably to the formation of this axis 
(26_ 5 and 51.3%, respectively), we can conclude that their antithetical presence cre
ates the first axis. As for the second ax is , it s h o uld be created by the species P. 
polyphemoides as it contributes to its formation by 44.2%. 

Zooplankton compos ition was very different in the Metopi area as 97 species 
were enumera t ed. Diversity index values (Figure 4) were higher than in Elefsis Bay 



(min. 2.16 bits· ind.-1 in July 1985, max. 3.87 bits· ind.-1 in December 1984 and 
November 1985) and dominance values were respectively lower (min. 27.27% in 
mid April 1984, max. 64% in September 1984). Rank-frequency diagrams (Figure 5) 
were almost curved as zooplankton was rich in species. In only a few months, main
ly during summer, a part of the diagram was rectilinear due to the predominance of 
one or two species. 

As shown in Table 2, during January 1984 the copepods Clausocalanus pergens 
(mainly copepodites), Oithol1a plwnifera and Ctel1ocalal1us vanus were abundant. 
High abundance (548 indo . m-3) of the cladoceran Evadne nordmanni was observed 
in March representing 49.7% of zooplankton while the presence of C. vanus, C. per
gens, Centropages typicus and the cladoceran Podon intermedius was important. The 
abundance of E. nordmanni decreased significantly in mid April while C. typicus was 
the most important species (15.75%), followed by Oithona similis, C. vantiS and the 
appendicularian Oikoplewa fusiformis. By the end of this month the cladoceran 
Evadne spinifera was dominant (20.80%) accompanied by Paraealanus parvus, C. 
vanus and E. nordmanni. InJune, the period of P. avirostris dominance began varying 
between 10% and 50.94%. This species was accompanied by C. (llrcatus, T stylifera, 
E. spinifera and the appendicularian Oikopleura longicauda whose abundance fluctu
ated temporally. C. fareatas dominated from September to December fluctuating be
tween 21.84 and 41.59%. The presence of the copepods Oncaea media, O. plumifera 
and P. parvus was also important. 

InJanuary 1985 P. parvus was abundant (755 ind.· m-3, 54.58%) while its presence 
decreased in February. During this month C. pergens dominated (27.83%) accom
panied by O. simi/is, O. plumifera and A. clausi. The abundance of O. similis increased 
considerably in March (1150 indo . m- 3, 35.64%) and the presence of Calanus helgo
landicus was important. In April 1985 C. typicus and E. nordmanni reappeared as 
dominant species and were accompanied by P. parvus, C. vanus and O. simi/is. In 
June-July 1985, P. avirostris dominated the community and the presence of T styli
fera, c. furcatus, P. parvus and E. spinifera was important, while in August T stylifera 
was the most abundant among the above species. A predominance of C. furcatus was 
observed in September-October (43 and 33.6%, respectively) and it was accompa
nied by O. plumifera and P. parvus. The latter was mainly abundant in November
December while the abundance of C. furcatus decreased and numbers of O. plumi
fera, O. rneciia, and Caloealanus pavoninus increased. 

The evolution of the annual cycle in the Metopi area is obvious on the first two 
axes plane of the correspondence analysis (Figure 7 A) which accounted for 27 and 
18% of the total variance. Changes in zooplankton composition were important 
and abrupt in the January-April period, while between June and December changes 
were insignificant. The evolution was quite similar in both years with the exception 
of samples collected during March. These two samples with the corresponding 
species (E. nordmanni for 1984 and O. similis for 1985) are opposite along the second 

Axis 2 

che 
frp

OIS 
AMB 

mle 

clj 
onm 

IB pap 


FB DB. 

OIP NA 

DIA cap 
cfp c 

---IA-----NB.

ctvA1 
cfa 

Sip 

cel 
far 
A2 

p t 

AB 

poi 
MA 

evn 
sal 

v OB SB ILB les 

1Ji...-eeg--G/~NB pea Axis 1 

frp SA AYA 'NA'LA evt 
IBcha AYB all far 

ane dol IA 

cfp onm 

93 

SiokoLl-Fmngou et al. 

Two neighbouring 
zooplankton communities 

Figllre 7. 
A: correspondence analysis 
(1 . 2 plane) of data collected in 
Metopi area. 
B: correspondence analysis 
(1 . 3 plane) of data collected in 

Metopi area. 

Symbols as indicated in Figure 6. 
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Figure 8 . 
MDS plot in two dimensions 
issued from both stations data 
analysis. 
j =January; 
f =Februa ry; 
m = March; 
aa = mid April 1984; 
ab = end April 1984; 
A = Ap ril 1985; 
ma = May; 
jn =June; 
jl = july; 
au =Au gust; 
s = September; 
0 = October; 
n =November; 
d = December; 
small le tters = samples 1984; 
ca pital letters =sa mpl es 1985; 
1 = stati on 1; 
2 = sta tion 2. 

axis, contributing significantly to its formation. As for the first axis, cold months 
Oanuary-April) and the species O. similis, E. nordmanni, C. pergens and C. vanus are 
opposed to warm months Ouly-August) and the species P. avirostris, T. stylifera and 
C. furcatus, positioned along it. This axis should be related to the fluctuations in sea
water temperature . The October, November and December samples, and the cope
pod species C. fu-rcatus, Nannocalanus minol~ C. pavon in us, O. plumifera, Clausocalanus 
jobei are opposed to the March, June, July samples and the species P. avirostl1s, E. 
nordmanni, O. similis and T. stylifera along the third axis (Figure 7B). In this case the 
axis should express the influence of the open sea since during autumn the influence 
of the open sea (N. Aegean Sea) is more intense in the Saronikos Gulf. As a result 
species having a mixed coastal-pelagic character (C. furcatus, O. plumifera, N. minor, 
C. jobei, C. pavoninus) are abundant. 

According to the hierarchical clustering based on the x2 distance, six assemblages 
of species are distinguished. The first is observed during January-February and is 
characterized by C. pergens and C. vanus which are accompanied by A. clausi, C. ar
cuicornis, Candacia armata. Three assemblages are distinguished in spring: one in 
March 1984 characterized by E. nordmanni accompanied by Podon intennedius, C. pa
gens and sa Ips, the second in April of both years composed of the copepods C. typi
CUS, Farranula rostrata, Ischnocalanus tenuis and siphonophores and the third in March 
1985 with the copepods O. similis, C. helgolandicus, Mesocalanus tenuicornis and Eu
calanus craSSLlS. The summer assemblage is characterized by P. avirostris, T. stylifera, 
C. fu-rcatus which are accompanied by E. te/gestina, C. ponticus, E. spinifera, A. latiseto
sa, O. longicauda, doliolids and chaetognaths. O. plumifera, P. parvus and O. media are 
characteristic species of the autumn assemblage and they are accompanied by the 
copepods Nannocalanus minOl; Calocalanus pavo, Calocalanus pavoninus, Mecynocera 
clausi, Clausocalanus jobei, the appendicularian Fritillaria pellucida and pteropods. 
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In order to assess faunal similarities between these two areas, an hierarchical clus
tering and a non-metric multi-dimensional scaling, based on the Bray-Curtis simi
larity, were performed on the total data. Samples from station 1 were separated from 
those of station 2 at the level of 25% similarity. In the MDS two-dimensions plot 
(stress 0.183) a clear difference is obvious (Figure 8) and grouping of samples is based 
on the hierarchical clustering results. Samples collected in the Metopi area are po
sitioned close to each other. A seasonal differentiation can be observed: winter
spring, autumn, summer. The November 1984 sample is more differentiated due to 
the extremely low abundance of aJl present taxa. Samples from the Elefsis area are 
scattered suggesting seasonal and even annual differentiation : winter-spring of 
both years, summer-autumn 1984, and summer-autumn 1985 . MDS seems there
fore to verify the seasonal and annual differentiation observed with the correspon
dence analysis in each area. 

Discussion 
Seasonal fluctuations in the coastal areas of the Mediterranean Sea are more pro
nounced than in the open sea (Scotto di Carlo & lanora 1983). Furthermore zoo
plankton fluctuations are abrupt in shallow waters of the temperate zone (Daan 
1989, Garcia-Soto et al. 1990). According to Grahame (1976) seasonal variations are 
more intense inside port areas than outside. In the studied areas, Elefsis Bay and 
Metopi area, zooplankton abundance fluctuated suddenly, but in different periods: 
mainly during winter in Elefsis Bay and also in early autumn 1984, while in the 
Metopi area variations were important during summer and also in spring 1985 . This 
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95 difference is related to the species composition in each area. The extreme high val
ues of zooplankton density in Elefsis Bay are due to the abundance of Acartia c/ausi 
which occurred in January-February. These high values are due to the eutrophic 
character of the area where high values of nutrients and phytoplankton are detected 
(Ignatiades 1983, Gotsis 1986, Friligos 1989). Furthermore, mixing events in this 
shallow area could facilitate the resuspension and hatching of the A. c/ausi resting 
eggs, resulting in a large increase in the numbers of this species. Winter maxima 
of zooplankton density and A. c/ausi abundance were observed during previous 
studies (Yannopoulos 1977, 1978) as well as during the years 1989-1990 (Siokou
Frangou 1991). 

In EJefsis Bay the A . clausi abundance decreased in spring and even more in sum
mer-autumn. Yannopoulos (1978) attributed the decrease of zooplankton biomass 
and A. c/ausi abundance during the 1971-1973 summer period to oxygen depletion 
and high temperature values, and also to pollutant factors in the area. During the 
present study a large population of the scyphomedusa Aurelia aurita was observed 
in late spring and summer of both years, which was responsible for the decrease of 
copepods due to predation by medusae (Papathanassiou et al . 1987, Panayotidis et 
al. 1988). Medusae seem to be almost the sole predator of copepods and cladocerans 
in the area, as other carnivore groups (chaetognaths, siphonophores) are absent. 
Moller (1980) reported that medusae and ctenophores could seriously decrease the 
zooplankton biomass by predation, while Lindahl & Hernroth (1983) consider the 
abundance of medusae as having an important influence on the structure of coastal 
planktonic communities. 

A second maximum of zooplankton density occurred in Elefsis Bay only during 
September 1984, and it was due to the massive presence of Pen ilia avirostris. This 
species, as all the cladocerans, creates dense populations when environmental con
ditions are favourable . As for A. c/ausi, the small depth of the area facilitate the 
resuspension of the P. avirostris resting eggs and favours an increase of the popula
tion. The abundance of P. avirostris presents interannual fluctuations in Elefsis Bay, 
as very few individuals were found during 1985 and the following years (Siokou
Frangou 1991). The observed maximum did not correspond to high chlorophyll-a 
values (Gotsis 1986), suggesting the nutrition of P. avirostris by other food sources, 
autotrophic or heterotrophic. According to Turner et al. (1988) P. avirostris is able to 
feed upon bacterioplankton and heterotrophic nanoplankton and dominates even 
in oligotrophic environments. A seasonal differentiation of the food chain is report
ed by Urban et al. (1992) who observed that there is a succession from a diatom
based food chain in the winter and spring to one based on the microbial loop in the 
summer and autumn. 

These food relationships could also explain the observed zooplankton maximum 
density values in the Metopi area, consisting mainly of P. avirostris, duringJuly 1984 
and 1985. Although two zooplankton maxima are reported in the Mediterranean Sea, 
one in spring and the second in autumn (Gaudy 1985), summer maxima with high 
numbers of cladocerans are also observed in coastal areas receiving anthropogenic 
influence: the Gulf of Naples (Scotto di Carlo et al. 1985), the Gulf of Malaga (Rod
riguez 1983), the Bay of Palma (Fernandez-de Puelles & Jansa 1990), and the Saroni
kos Gulf (Siokou-Frangou 1991). The maximum values detected in March 1984, and 
even more in March 1985, correspond to the spring maximum as stated previously. 

In both areas changes in the zooplankton composition were observed to be im
portant, but the periods differed: the warm period for the polluted and eutrophiC 
Elefsis Bay, the cold period for the unpolluted and oligotrophic Metopi area . These 
changes were clear along the second axis of the correspondence analysis and the 
seasonal assemblages were distinguished. Interannual differences in abundance of 
the relevant dominant species (P. avirostris and P polyphemoides in Elefsis Bay, E. 
nordmanni and O. similis in Metopi area) were so strong that they created the second 
axis which could express differences between the years 1984 and 1985. The results 
of this study in combination with the observations of Yannopoulos (1978), Morai
tou-Apostolopoulou & Ignatiades (1980) and Siokou-Frangou (1991), suggest that 
there are interannual fluctuations of zooplankton species composition in Elefsis Bay 
during the summer-autumn period, while during winter-spring the high domi
nance of A. clausi constitutes a constant component of the zooplankton communi
ty. At the Metopi station, interannual fluctuations concerned only March, where 
phytoplankton maximum values occurred (Gotsis 1986) and warming of the surface 
layer had already started compared to the rest of Saronikos Gulf. These environmen
tal factors could be the cause of the increased population of O. similis since Krause 
& Trahrns (1982) and Krause & Radach (1989) reported a concentration of cope
podite and nauplii stages of this species in the surface layer of the North Sea with 
the beginning of thermal stratification of the water column and the spring phyto
plankton bloom. 

Apart from this interannual variation observed in the Metopi area, species com
pOSition revealed the same annual cycle in both years. Species assemblages had a 
clear seasonal character (winter, spring, summer and autumn assemblages) and were 
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observed each year. Their differentiation along the first axis of the correspondence 
analysis revealed the major role of temperature on the zooplankton community 
species composition. This differentiation was also obvious in the MDS plot, suggest
ing the importance of this factor. It is known that temperature fluctuations regulate 
the life history of all copepod species (Deevey 1960, Razouls 1972). According to 
Sullivan & McManus (1986) temperature is one of the most important regulating 
factors of the seasonal succession . The influence of tempera ture was also important 
in the species composition in Elefsis Bay as most of the species are known to be 
psychrophilic [A. clausi (Yannopoulos 1978)J or thermophilic species [P. avirostris 
(Fonda-Umani 1980), P. polyphemoides (Fonda-Umani 1980), T stylifera (Moraitou
Apostolopoulou 1972)]. However, this influence was not so evident in the corre
spondence analysis due to the difference in abundance of A. clausi, P. avirostris, P. 
polyphemoides, which was very strong resulting in the formation of the first two axes. 

A second factor for the differentiation of zooplankton composition in the Metopi 
station, was the influence of the open sea. In Saronikos Gulf the water column is 
mixed during autumn and winter and the influence of the Aegean Sea becomes 
more intense (Christianidis 1991). As a result species having a wide horizontal dis
tribution (0. plumifera, C. pavo, C. pavoninus, N. mino/~ M. clausi) were abundant in 
the Metopi area, and some pelagic species occurred occasionally (Lucicutia {lavicor
nis, Pleuromamma gracilis, Scolecithricella dentata). A similar influence is also reported 
in the Gulf of Naples by Scotto di Carlo et al. (1985) and in the Lebanese coastal wa
ters by Lakkis (1990). The partial geographical isolation of Elefsis Bay from the 
whole Saronikos Gulf prevents the influence of the open sea on the zooplankton 
community of the area. 

Species assemblages and generally species composition could be differentiated 
between the two areas. This was also obvious from the low similarity observed be
tween the two stations samples and from the MDS analysis where samples of each 
area are clearly distinguished. Furthermore, species diversity was higher in the 
Metopi area than in Elefsis Bay, especially during the win ter-spring period when the 
zooplankton community was almost monospecific in Elefsis Bay. The evolution of 
diversity and dominance indices, and also of the rank-frequency diagrams, suggest 
a different community structure in the studied areas. The almost linear shape of the 
diagrams in Elefsis Bay during winter indicate the disturbance of the zooplankton 
community by pollution. Simultaneously in the Metopi area the community is 
highly diversified and there is a trend towards reali zing a mature stage (Frontier 
1985). In Elefsis Bay the community attained higher diversity in summer but never 
reached the maximum value observed in the Metopi station. On the contrary, in the 
latter area the community revealed lower diversity during the summer period. All 
these data indicate the presence of two different zooplankton communities in the 
studied area. 

At the Metopi station, positioned in the shallow 'plateau' in the middle of Saro
nikos Gulf, the zooplankton community revealed a well-diversified species compo
sition and seasonal fluctuations similar to those observed in other coastal areas of 
the Mediterranean Sea (Scotto di Carlo & Ianora 1983, Gaudy 1985, Moraitou
Apostolopoulou 1985). The Elefsis Bay community is characterized by the ex treme 
dominance of very few species, r-selected, which were accompanied by some rare 
neritic species. These characteristics combined with intense fluctuations of the total 
zooplankton density, the low diversity values and the linear-curved rank-frequency 
diagrams suggest a disturbed community. Disturbance is due to pollution of the area 
by many sources (domestic sewage, industrial and naval pollution). The influence 
of pollutants is accentuated by the morphology of the bay, a semi-enclosed and shal
low area. Similar zooplankton communities have also been observed in the Gulf of 
Fos (Patriti 1984) and in the Bay of Thessaloniki (Siokou-Frangou & Papathanassiou 
1991) both semi-enclosed and polluted areas. 
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