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Abstract

The annual cycle of zooplankton species composition was studied during two years in two shallow areas
of Saronikos Gulf (Greece). Elefsis Bay is a semi-enclosed area receiving a large volume of domestic and in-
dustrial effluents. The Metopi area is located in the centre of Saronikos Gulf far away from the poltution
sources. In Elefsis Bay the annual cycle was characterized by the extreme dominance of Acartia clausi during
the January-May period of both years, while changes occurred during the summer-autumn period as four
assemblages were distinguished according to the hierarchical clustering. In the Metopi area species com-
position was different from that in Elefsis Bay: the winter assemblage was characterized by Clausocalasus
pergens, Ctenocalanus vanus, the summer one by Penilia avirostris, Temora stylifera, Clausocalanus furcatus,
the autumn by Oncaea media, Oithona plumifera and Paracalanus parvus, while during spring three assem-
blages were distinguished. Correspondence analysis revealed that the seasonal evolution of the communi-
ty in the Metopi area can be related to temperature as well as to the influence of the open sea, while the
above influences were not obvious in the Elefsis Bay community. Rank-frequency diagrams and diversity
index values showed a well-structured community in the Metopi area and a disturbed community in Elefsis
Bay. Differences of these two communities could be attributed to pollution impact affecting them differ-
ently, coupled with the topography of the area.
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Introduction

The morphology 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 varying 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 winter period, the vertical mixing of the water column and the low differences
of water density in the horizontal scale, facilitate 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 domestic
wastes through the eastern channel from the metropolitan Athens sewage effluent.
As a result, high levels of nutrients are detected in the bay (Friligos 1981), leading
to phytoplankton blooms (Ignatiades 1983). In the western basin of Saronikos Gulf
a shallow area (17 m) exists between the Aegina and Metopi Islands (Figure 1). The
level of nutrients and chlorophyll-a values in the area indicate an oligotrophic char-
acter (Ignatiades 1983). Seasonal changes of temperature and salinity depth inte-
grated values at both areas are presented in Figure 2. The annual cycle and the struc-
ture of zooplankton were studied in these two areas in order to assess differences
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 diversity
and dominance index at both
stations.

Materials and methods

Zooplankton samples were collected monthly from January 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 um mesh size). The average
volume of the filtered water was 60 m? at the Elefsis Bay and 54 m? at the Metopi
station. Species identification concerned copepods, cladocerans and appendicular-
ians and specimen counts were made in aliquots varying from Y% to % 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 al. 1973).
Ascending hierarchical clustering based on the x? 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?* were transformed:
vij = 5q (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~?) and in the period February (19 090 ind. - m=3) to April
1985. Exceptional high abundances were also recorded during September 1984
(8021 ind. - m3). 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= in March 1985) and summer (3819
ind.-m=3 in July 1985). The mean density value in the Metopi area was lower (1053
ind. - m=3) than in Elefsis Bay (3061 ind. - m3).

Total zooplankton abundance, ind.. m=3
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A total of 59 species was found in Elefsis Bay; in many samples the relative abun- 89

dance of the first species exceeded 50% of the total zooplankton numbers resulting Siokou-Frangou et al.
in very low diversity values (0.045-2.94 bits - ind.™) and very high dominance values Two neighbouring
(33.49-99.79%), mainly during the winter—spring period (Figure 4). During the sum- zooplankton communities

mer—-autumn period, zooplankton was more diversified . This is also obvious from
the rank-frequency diagrams (Figure 5): almost rectilinear in winter-spring and
slightly curved during summer months. Dominant species abundace and relative
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Table 1.

Fluctuations of dominant species
and groups abundance, ind.- m~*
(Ab.) and relative abundance (%)
at Elefsis Bay.

abundance fluctuations are given in Table 1. The copepod Acartia clausi dominated
during the period January-May 1984 and February-May 1985: its density varied
between 285 and 19019 ind. - m~2 while this species represented more than 90% of
the zooplankton. Among the other species the presence of the copepods Oithona
nana and Isias clavipes and the cladoceran Evadne nordmanni was quite important.

1984 January March Mid April End April May June
Ab. % Ab. % Ab. % Ab. % Ab. % Ab. %
Acartia clausi 7413.8 99.38 852.1 96.43 2440.0 76.50 3216.7 97.10 11459 9495 163 9.68
Acartia latisetosa 0.0 000 00 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Centropages ponticus 0.0 0.00 0.0 0.00 1.5 0.0s 0.0 0.00 0.0 0.00 0.0 0.00
Oithona nana 0.0 0.00 08 0.09 3132 9.82 2.7 0.08 0.6 0.0§ 7.1 425
Paracalanus parvis 0.0 0.00 0.1 0.01 0.0 0.00 47 0.14 39 033 1.7 1.00
Temora stylifera 0.0 0.00 0.0 0.00 0.5 0.02 0.0 0.00 0.0 0.00 1.1 0.65
Evadne tergesting 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 03 021
Penilia avirostris 0.0 0.00 0.0 0.00 0.6 0.02 0.0 0.00 0.0 0.00 1254 74.68
Podon polyphemoides 13.0  0.17 00 000 11.3 035 0.0 0.00 17.3 144 03 017
Appendicularia sicula 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.1 0.06
Fritillaria haplostoma 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Oikopleura dioica 00 000 04 005 11.8 037 0.0 0.00 1.1 0.09 1.2 0.69
Larv. Decapoda 56 008 54 061 5.5 017 9.5 029 19.1 1.58 7.8 4.66
Larv. Gastropoda 00 000 06 0.07 259 081 0.0 0.00 0.1 0.01 1.0 0.62
Larv. Lamellibranchia 0.7 0.01 00 0.00 112 035 23 0.07 0.4 004 02 012
Larv. Polychaeta 6.3 0.08 1.8 021 2165 679 162 049 0.3 0.03 0.0 0.00
1984 July August September October November  December
Ab. % Ab. % 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 11.21
Acartia latisetosa 0.0 000 120 083 1002 125 1092 276 239 097 14 0.06
Centropages ponticus 0.0 0.00 345 238 1159 1.44 1.5 0.04 5.3 022 0.6 0.02
Oithona nana 5.5 040 51 03s 1.1 0.01 0.0 0.00 1.0 0.04 0.0 0.00
Paracalanus parvus 0.6 0.04 73 051 631 0.79 43 0.11 377 1.54 118 046
Temora stylifera 09 0.06 1192 8.23 4.6 0.06 1.3 003 3.3 0.14 1.5 0.06
Evadne tergestina  322.3 22.99 4354 30.06 678.6 8.46 638.6 16.14 295.0 12.01 9.5 037
Penilia avirostris 577.3 41.19 496.6 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 0.0 000 40.0 1.01 441.0 1795 4923 19.13
Appendicularia sicula 0.1 0.00 0.1 0.01 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Fritillaria haplostoma 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Qikopleura 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 52 037 441 3.05 9.0 011 1.5 0.04 32 013 0.0 0.00
Larv. Gastropoda 1.0 0.07 1.2 0.08 6.1 0.08 0.0 0.00 3.7 01§ 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. Polychaeta 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 February 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 89.92 458 37.65
Acartia latisetosa 2.7 0.74 3.4 0.02 2.5 003 0.0 0.00 0.0 0.00 0.0 0.00
Centropages ponticus 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Oithona nana 3.1 084 34 0.02 1.0 0.01 2.4 0.04 0.0 0.00 1.2 095
Paracalanus parvus ~ 12.9  3.52 46 0.02 187 0.19 5.7 0.10 133 420 0.9 075
Temora stylifera 0.5 0.14 0.0 0.00 0.0 0.00 0.3 0.01 04 0.12 0.5 044
Evadne tergestina 0.0 0.01 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 2.5 208
Penilia avirostris 0.0 0.00 0.6 0.00 0.0 0.00 0.0 0.00 0.1 0.02 3.7 3.06
Podon polyphemoides 72.3 19.71 4.4 0.02 1.1 0.01 0.0 0.00 0.0 0.00 1.0 079
Appendicularia sicula 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Fritillaria haplostoma 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Oikopleura dioica 6.6 1.81 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.4 035
Larv. Decapoda 20 055 117 006 106 0.11 52 0.09 7.4 233 500 41.12
Larv. Gastropoda 8.1 222 0.4 0.00 0.6 0.01 1.0 0.02 0.2 007 8.3 6.81
Larv. Lamellibranchia43.4 11.83 1.1 001 33 003 4.2 0.08 1.3 042 3.0 2.44
Larv. Polychaeta 301 821 159 008 384 039 2.0 0.04 0.4 0.14 0.7 0.60
1985 July August September October November December
Ab. % Ab. % Ab. % Ab. % Ab. % Ab. %
Acartia clausi 89.6 42.06 0.0 0.00 3.7 233 0.0 0.00 1.2 026 0.0 0.00
Acartia latisetosa 10.1 4.75 136.1 15.52 39 250 0.0 0.00 0.0 0.00 0.0 0.00
Centropages ponticus 21.0 9.86 69.0 7.88  50.7 32.29 28 5.72 20 043 0.0 0.00
Oithona nana 0.2 0.08 21.8 249 0.0 0.00 0.5 1.03 1.1 0.25 0.7 0.26
Paracalanus parvus ~ 21.9 10.26 8.1 093 3.4 218 0.0 0.07 71 1.54 4.0 143
Temora stylifera 15,5 7.27 138.6 1582  31.2 19.86 0.3 0.57 1.2 027 1.7 0.61
Evadne tergestina 1.2 0.56 140.7 16.06 1.6 1.00 0.0 0.09 1.1 0.25 0.2 0.08
Penilia avirostris 0.8 0.36 3.5 040 0.6 0.41 0.0 0.00 0.0 0.00 0.0 0.00
Podon polyphemoides 1.8 0.84 150.5 17.18  22.6 14.41  23.5 4839 424.6 91.56 202.5 73.06
Appendicularia sicula 0.0 0.00 142.9 16.31 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Fritillaria haplostoma 0.0 0.00 0.0 0.00 0.0 0.00 10.6 21.74 8.0 173 0.0 0.00
Oikopleura dioica 02 008 02 0.03 0.0 0.00 02 034 1.8 0.39 0.0 0.00
Larv. Decapoda 33.4 15.69 151 172  15.8 10.05 0.7 137 23 049 6.7 242
Larv. Gastropoda 48 225 144 1.64 25 157 0.2 034 5.5 118 109 392
Larv. Lamellibranchia 0.1  0.03 0.0 0.00 0.0 0.00 0.0 0.00 0.7 0.14 9.7 35
Larv. Polychaeta 0.3 0.16 4.0 0.45 0.7 0.44 1.6 3.32 0.7 0.14 0.7 0.26




In the period June-December 1984 the cladoceran Penilia avirostris was the most
abundant species (125-6174 ind. - m~ and 41.19-76.97%). 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 parvus, 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. stylifera, C. ponticus and decapod and gastro-
pod larvae. In August and September 1985 copepod species (T. stylifera, C. ponticus,
A. latisetosa), cladocerans (P. polyphemoides, E. tergestina) 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 ind. - m=3 and
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91% in November) and among the other species the presence of the copepods
Acartia margalefi, 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. clausi 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 pergens, Euterpina
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—-autumn 1984, accompanied by Evadne tergestina, Ischno-
calanus tenuis, Oikopleura mediterranea and Oikopleura 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.
stylifera which are accompanied by the copepods A. latisetosa, Corycaeus giesbrechti
and the appendicularian Appendicularia sicula. Finally the appearance in abundance
of P. polyphemoides in October 198S differentiates the zooplankton assemblage
composed by this species together with the copepod Acartia margalefi and the
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Figure 6.
Correspondence analysis

(1 - 2 plane) of data collected in

Elefsis Bay (st. 1).

IA = January 1984;

IB = January 198S;

FB = February 1985;
MA = March 1984;
MB = March 1985;
Al = mid April 1984;
A2 =end April 1984;
AB = April 1985;
MAA = May 1984;
MAB = May 1985;
INA = June 1984;

INB = June 1985;

ILA = July 1984;

ILB = July 1985;

AYA = August 1984;
AYB = August 1985;
SA = September 1984;
SB = September 1985;
OA = October 1984;
OB = October 1985;
NA = November 1984;
NB = November 1985;
DA = December 1984;
DB = December 1985.
acl = A. clausi;

ala = A. latisetosa;
ama = A. margalefi;
ane = A. negligens;
aps = A, sicula;

cap = C. pavo;

cav = C. pavoninus;
cet = C. typicus;

cep = C. ponticus;

cha = chaetognaths;
che = C. helgolandicus;
cla = C. arcuicornis;
clf = C. furcatus;

clj = C. jobei;

clp = C. pergens;

cog = C. giesbrechti;
ctv = C. vanus;

dol = doliolids;

evn = E. nordmanni;
evs = E. spinifera;

evt = E. fergesting;

far = F. rostrata;

frh = F. haplostoma;
frp = F. pellucida;

isi = L. clavipes;

ist = I. tenuis;

Ide = L. decapods;

Iga = L. gastropods;
lla = L. lamellibranchs;
lpo = L. polychaetes;
mte = M. tenuicornis;
med = medusae;

nmi = N. minor;

oid = O. dioica;

oil = O. longicauda;
oim = O. mediterranea;
oin = O. nana;

ois = O. similis;

oip = O. plumifera;
onm = O. media;

pap = P. parvus;

pea = P. avirostris;

poi = P. intermedius;
pop = P. polyphemoides;
pte = pteropods;

sal = salps;

sip = siphonophores;
tes = T. stylifera.
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Jan. 84 Mar. 84 Mid Apr. 84 End Apr. 84 June 84 July 84 Aug. 84

Ab. % Ab. % Ab. % Ab. % Ab. % Ab. % Ab. %
Nannocalanus minor 0.0 0.00 0.0  0.00 0.0 0.00 0.0 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 0.1 11.8  1.00 04 003 0.8 0.04 0.3 0.08
Centropages typicus 78 295 57.6 5.23 12582 1575 130.1 11.00 16.1 142 0.2 0.01 0.0 0.00
Clausocalanus furcatus 26 097 0.0 0.00 0.0 0.00 1.3 011 99.1 8.75 316.1 14.27 21.0  6.65
Clausocalanus jobei 0.0 0.00 4.3 0.39 1.0 0.12 0.0 0.00 0.1 0.01 0.0 0.00 8.1 2.58
Clausocalanus pergens  97.2 36.85 759 6.89 55.6 7.00 48.9 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
Oithona similis 2.5 096 24 022 91.6 11.52 8.8 0.74 26 023 5.2 023 1.7 0.53
Oithona plumifera 409 15.50 8.9 0.81 69 0.86 11.1 0.94 374 330 30.8  1.39 19.5  6.19
Oncaea media 0.8 030 25.5 231 106 1.33 13.7  1.16 11.0 0.97 389 1.76 22 070
Paracalanus parvus 145 549 19.2 1.74 70.8 891 219.8 18.58 54 048 55.0 2.48 0.7 023
Temora stylifera 55 2.08 11.9 1.08 1.1 0.13 50 042 78.5 693 522.6 23.60 78.8 24.96
Evadne nordmanni 0.4 0.16 547.6 49.69 545 6.86 133.0 11.25 0.0 0.00 0.0 0.00 0.0 0.00
Evadne spinifera 0.7 028 5.7 0.52 47.9  6.02 246.1 20.80 88.9 7.85 274  1.24 61.6 19.50
Evadne tergesting 1.3 0.51 1.5 0.14 0.0  0.00 0.0 0.00 2.7 024 574 259 3.5 110
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
Fritillaria pellucida 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 longicauda 0.0 0.00 1.2 011 1.7 0.21 3.1 0.26 679 6.00 164.2  7.41 28.4 9.00
Doliolidae 0.9 0.36 30.0 272 4.8 0.60 0.0 0.00 479 4.23 337 1.52 11.6  3.67

Sep. 84 Nov. 84 Dec. 84 Jan. 85 Feb. 85 Mar. 85 Apr. 85

Ab. % Ab. % Ab. % Ab. % Ab. % Ab. % Ab. %
Nannocalanus minor 4.4 036 2.8 5.89 6.9 187 39 0.28 7.7 177 0.0 0.00 102 132
Calocalanus pavoninus 0.5 0.04 0.0 0.00 4.8 1.30 9.1 0.66 4.0 093 0.7 0.02 1.0 013
Centropages typicus 0.3 0.02 0.1 0.21 0.2  0.06 6.4 046 14.6  3.35 113.0 3.50 176.2 22.70
Clausocalanus furcatus 505.3 41.59 16.1 34.41 80.8 21.84 47.4 3.42 2.3 052 0.0 0.00 0.5 0.06
Clausocalanus jobei 48 039 0.7 143 18.6 5.01 56.2 4.06 899 228 9.1 0.28 180 232
Clausocalanus pergens 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
Ctenocalanus vanus 0.2 0.02 0.1 024 338 9.12 83.6 6.04 23.7 545 239.7 742 58.8 7.58
Oithona similis 0.0 0.00 0.0 0.00 4.6 1.24 72.8 5.26 57.8 13.27 1150.7 35.64 38.5 497
Oithona plumifera 20 0.16 6.9 14.68 27.7 7.48 26.8 1.94 273 6.27 148.0 4.58 388 499
Oicaea media 102.6 B8.44 7.1 18,08 23.7 640 51.7 3.74 282 6.47 211.2  6.54 3.7 047
Paracalanus parvus 4.0 033 3.8 8.17 434 11.73 755.6 54.58 38.7 8.89 590.3 18.28 148.7 19.17
Temora stylifera 68.0 5.60 03 062 5.3 142 9.4 0.68 24 056 6.5 0.20 3.8 048
Evadne nordmanni 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 6.8 0.21 176.9 22.80
Evadne spinifera 273.0 2247 0.1 017 0.0 0.00 0.0 0.00 0.0 0.00 0.7 0.02 0.0 0.00
Evadne tergestina 281 232 0.0 0.00 03 0.07 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Penilia avirostris 1.1 0.09 42 899 2.2 0.59 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Fritillaria pellucida 0.0 0.00 0.0 0.02 3.6 096 0.1 0.00 42 097 29 0.09 0.0 0.00
Oikopleura longicauda  66.7  §.49 0.0 0.00 13.7  3.70 2.0 0.14 0.8 0.19 7.7 0.24 0.0 0.00
Doljolidae 394 325 0.0 0.00 11.8  3.19 0.7 0.0 1.0 023 2.3 0.07 1.1 014

June 85 July 85 Aug. 85 Sep. 85 Oct. 85 Nov. 85 Dec. 85

Ab. Y% Ab. % Ab. % Ab. % Ab. % Ab. % Ab. %
Nannocalanus minor 5.6 035 0.3 001 0.3 0.0s 6.1 1.34 60.2 6.22 17.3 2.85 39 122
Calocalanus pavoninus 0.3 0.02 0.0 0.00 0.0 0.00 10.8  2.40 §1.7  S5.34 15.5  2.54 11.0  3.49
Centropages typicus 201 1.28 0.2- 0.00 0.0 0.00 0.3 0.08 1.6 0.16 0.5 0.09 1.3 040
Clausocalanus furcatus 130.5  8.13  1205.5 31.57 124.1 20.02 194.7 43.16 325.1 33.62 102.6 16.86 46.6 14.77
Clausocalanus jobei 159 099 0.0 0.00 04 007 20 045 32.0 3.31 27.7 4.56 4.1 1.29
Clausocalanus pergens 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.4 0.04 0.1 0.02 1.6 0.1
Ctenocalanus vanus 1.0 0.06 0.0 0.00 0.0 0.00 0.1 003 12.1  1.25 26.7 4.38 158  5.02
Qithona similis 0.2 0.01 1.8 0.05 0.1 0.02 50 1.10 6.4 0.66 151 2.47 13.8  4.38
Qithona plumifera 54.1 3.37 14.0 0.37 1.2 020 73.3 16.25 130.8 13.53 303 4098 284 899
Oncaca media 15.6 097 9.4 0235 09 01§ 38 085 8.1 0.84 13.8 226 18.0 5.69
Paracalanus 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 stylifera 347.7 21.67 365.1 9.56 225.5 36.37 273 6.0 24 025 6.0 099 24 076
Evadne nordmaenni 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00
Evadne spinifera 40.3  2.51 26.3  0.69 102.1 16.46 2.8 0.63 2.3 0.24 5.8 095 0.0 0.01
Evadne tergesting 8.1 0.51 2.8 0.07 29.1  4.70 29.2 647 13.1  1.36 18.1 297 04 013
Penilia avirostris 544.5 33.94 950.1 24.88 1.6 027 17.4 3.87 129  1.34 10.8 1.77 04 0.12
Fritillaria pellucida 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 6.9 0.71 86.0 14.13 0.0 001
Qikopleura longicauda 309  1.93 204 0.54 49 0.79 20 045 16.3 1.68 52 085 1.2 038
Doliolidae 96.0  5.98 33.3 087 13.7 221 53 1.18 100.8 10.43 15.1 247 1.0 031

Table 2. Fluctuations of dominant

species and group abundance,

ind-m~* (Ab.) and relative abun-

dance (%) at the Metopi area..

appendicularian Fritillaria haplostoma. This assemblage is observed also during
November and December 1985. The evolution of the annual cycle of zooplankton
composition was similar for both years only during the winter—spring period.

Winter-spring samples of both years and A. clausi have negative values on the
first axis, versus 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 axis, it should be created by the species P.
polyphemoides as it contributes to its formation by 44.2%.

Zooplankton composition was very different in the Metopi area as 97 species
were enumerated. Diversity index values (Figure 4) were higher than in Elefsis Bay




(min. 2.16 bits-ind.”! in July 1985, max. 3.87 bits-ind.”" 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), Oithona plumifera and Ctenocalanus vanus were abundant.
High abundance (548 ind. - m™) 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. vanus and the
appendicularian Oikopleura fusiformis. By the end of this month the cladoceran
Evadne spinifera was dominant (20.80%) accompanied by Paracalanus parvus, C.
vanus and E. nordmanni. In June, the period of P. avirostris dominance began varying
between 10% and 50.94%. This species was accompanied by C. furcatus, T. stylifera,
E. spinifera and the appendicularian Oikopleura longicauda whose abundance fluctu-
ated temporally. C. furcatus 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. similis, O. plumifera and A. clausi. The abundance of O. similis increased
considerably in March (1150 ind. - 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. similis. 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. media, and Calocalanus 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 7A) 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
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Figure 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 = February;

m = March;

aa = mid April 1984;

ab = end April 1984;

A = April 1985;

ma = May;

jn = June;

jl = July;

au = August;

s = September;

o = October;

n = November;

d = December;

small letters = samples 1984;
capital letters = samples 19885;
1 = station 1;

2 = station 2.

axis, contributing significantly to its formation. As for the first axis, cold months
(January-April) and the species O. similis, E. nordmanni, C. pergens and C. vanus are
opposed to warm months (July-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. furcatus, Nannocalanus minor, C. pavoninus, O. plumifera, Clausocalanus
jobei are opposed to the March, June, July samples and the species P. avirostris, 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 x? 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 intermedius, C. per-
gens and salps, 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 crassus. The summer assemblage is characterized by P. avirostris, T. stylifera,
C. furcatus which are accompanied by E. tergestina, 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 minor, 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 all 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




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 clausi
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. clausi resting
eggs, resulting in a large increase in the numbers of this species. Winter maxima
of zooplankton density and A. clausi abundance were observed during previous
studies (Yannopoulos 1977, 1978) as well as during the years 1989-1990 (Siokou-
Frangou 1991).

In Elefsis 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. clausi 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 Penilia avirostris. This
species, as all the cladocerans, creates dense populations when environmental con-
ditions are favourable. As for A. clausi, 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, during July 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
& Trahins (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 temperature was also important
in the species composition in Elefsis Bay as most of the species are known to be
psychrophilic [A. clausi (Yannopoulos 1978)] 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 (O. plumifera, C. pavo, C. pavoninus, N. minor, M. clausi) were abundant in
the Metopi area, and some pelagic species occurred occasionally (Lucicutia flavicor-
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 winter-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 realizing a mature stage (Frontier
1989). 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 & lanora 1983, Gaudy 1985, Moraitou-
Apostolopoulou 1985). The Elefsis Bay community is characterized by the extreme
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.

Acknowledgements
We thank Prof. S. Frontier and Dr A. Lepretre for their help in the statistical treatment of the data.

References

Barbetseas, S., 1986. Physical parameters.— /n E. Papathanassiou (ed.): Ecology and biology of medusae in
greek waters, pp. 5-12. NCMR, Athens.

Benzecri, J.P. et coll., 1973. L'analyse des correspondances - [n Dunod (ed.) L'analyse des données, Tome II.
Paris. 619 pp.

Christianidis, S., 1991. Physical parameters: temperature, salinity, density. — I 1. Siokou-Frangou (ed.):
Monitoring of biological parameters in the Saronikos gulf, pp. 3-60. NCMR, Athens.

Clarke, K.R. & R.H. Green, 1988. Statistical design and analysis for a ‘biological effects” study. - Mar. Ecol.
Prog. Ser. 46: 213-226.

Daan, R., 1989. Factors controlling the summer development of copepod populations in the Southern Bight
of the North Sea. - Neth. J. Sea Res. 23(3): 305-322.

Deevey, G.B., 1960. Relative effects of temperature and food on seasonal variations in length of marine cope-
pods in some Eastern American and Western European waters. — Bull. Bingham Oceanogr. Coll. 17: 5-53.




Fernandez de Puelles, M.L. & X.Jansa, 1990. Evolucion temporal de la biomassa zooplanctonica de la bahia
de Palma de Mallorca (J. Balears). — 11 Jornadas del MediAmbient de les Balears UIB, 23-25-1V-1990, Palma
de Mallorca.

Field, ].G., K.R. Clarke & R.M. Warrick, 1982. A practical strategy for analysing multispecies distribution pat-
terns. - Mar. Ecol. Prog. Ser. 8: 37-52.

Fonda-Umani, S., 1980. [ Cladoceri dell’Adriatico: un ‘review’ critico. — Nova Thalassia 4: 107-133.

Friligos, N., 1981. Enrichment by inorganic nutrients and oxygen utilization rates in Elefsis bay (1973-1976).
- Mart. Poll. Bull. 12(12): 431-436.

Friligos, N., 1989. Nutrient and oxygen conditions in the Elefsis bay, an intermittently anoxic Mediterranean
basin. - Toxicol. Envir. Chem. 19: 178-186.

Frontier, S., 1985. Diversity and the structure in aquatic ecosystems. — Oceanogr. mar. Biol. a. Rev. 23: 253-
312

Garcia-Soto, C., I. de Madariaga, F. Villata & E. Orive, 1990. Day-to-day variability in the plankton community
of a coastal shallow embayment in response to changes in river runoff and water turbulence. — Estuar.
coast. Shelf Sci. 31: 217-229.

Gaudy, R., 1985. Features and peculiarities of zooplankton communities from the Western Mediterranean.
- In M. Moraitou-Apostolopoulou & V. Kiortsis (eds): Mediterranean marine ecosystems, pp. 279-301.
Plenum Press, New York.

Gotsis, 0., 1986. Phytoplankton. — Iin E. Papathanassiou (ed.): Studies on the biology and ecology of jelly-
fish in Greek waters, pp. 20-21. NCMR, Athens.

Grahame, ]., 1976. Zooplankton of tropical harbour: The numbers, composition and response to physical
factors of zooplankton harbour, Jamaica. - J. exp. mar. Biol. Ecol. 25: 219-237.

Hopkins, T.S. & L.K. Coachman, 1975. Circulation patterns in the Saronikos gulf in relation to the winds. -
Interim. techn. Rep. envir. Poll. Cont. Proj. Athens, vol Ifl: 223-279.

Hulburt, M.E., 1963. The diversity of phytoplankton populations in oceanic, coastal and estuarine regions.
-J. mar. Res. 21: 81-93.

Ignatiades, L., 1983. Phytoplankton ecology studies in Saronikos gulf and Elefsis bay.— UNESCO Rep. mar.
Sci. 20: 117-118.

Krause, M. & G. Radach, 1989. On the relations of vertical distribution, diurnal migration and nutritional
stage of herbivorous zooplankton in the Northern North Sea during FLEX’76. - Int. Rev. Ges. Hydrobiol.
74: 371-419.

Krause, M. & ]. Trahms, 1982. vertical distribution of copepods (all developmental stages) and other zoo-
plankton during spring bloom in the Fladen Ground area of the North Sea. - Neth. J. Sea Res. 16: 217-
230.

Lakkis, S., 1990. Composition, diversjté et succession des copépodes planctoniques des eaux libanaises
(Méditerranée Orientale). — Oceanol. Acta 13(4): 489-501.

Laurec, A., 1979. Analyse des données et modeles prévisionels en écologie marine. - Thése Doct., Univ. Aix-
Marseille. 405 pp.

Lindahl, O. & L. Hernroth, 1983. Phyto-zooplankton community in coastal waters of western Sweden — An
ccosystem off balance? — Mar. Ecol. Prog. Ser. 10: 119-126.

Moller, H., 1980. Scyphomedusae as predators and food competitors of larval fish. - Meeresforsch. 28: 90-
100.

Moraitou-Apostolopoutou, M., 1972. Occurrence and fluctuation of the pelagic copepods of the Aegean Sea
with some notes on their ecology. — Hellenic Occanol. Limnol. 11: 325-402.

Moraitou-Apostolopoulou, M., 1985. The zooplankton communities of the Eastern Mediterranean (Levantine
Basin, Aegean Sea); influence of man-made factors. - In M. Moraitou-Apostolopoulou & V. Kiortsis (eds):
Mediterranean marine ecosystems, pp. 303-329. Plenum Press, New York.

Moraitou-Apostolopoulou, M. & L. Ignatiades, 1980. Pollution effects on the phytoplankton-zooplankton re-
lationships in an inshore environment. — Hydrobiologia 75: 259-266.

Panayotidis, P., E. Papathanassiou, I. Siokou-Frangou, K. Anagnostaki & O. Gotsis-Skretas, 1988. Relationship be-
tween the medusae Aurelia aurita (Lam) and zooplankton in Elefsis bay (Saronikos gulf, Greece). —
Thalassographica 11(1): 7-17.

Papathanassiou, E., P. Panayotidis & K. Anagrostaki, 1987. Notes on the biology and ecology of the jelly-fish
Aurelia aurita (Lam) in Elefsis bay (Saronikos gulf, Greece). — P.S.Z.N.I. mar. Ecol. 8(1): 49-58.

Patriti, G., 1984. Apergu sur la structure des populations zooplanctoniques de la zone portuaire et du golfe
de Fos-sur-mer. — Téthys 11(2): 155-161.

Razouls, C., 1972. Estimation de la production secondajre (copépodes pelagiques) dans une province neri-
tique méditerranéenne (Golfe du Lion).— Thése Doct., Univ. Paris VI.

Rodriguez, J., 1983. Estudio de una communidad planctonica neritica en el Mar de Alboran: II. Ciclo del zoo-
plancton. — Bol. Inst. Esp. Oceanogr. 1(1): 19-44.

Scotto di Carlo, B. & A. Ianora, 1983. Standing stocks and species composition of Mediterranean zooplankton.
- UNESCO Rep. mar. Sci. 20: 59-69.

Scotto di Carlo, B., C.R. Tomas, A. lanora, D. Marino, M.G. Mazzocchi, M. Modigh, M. Montresor, L. Petrillo, M.
Ribera d'Alcala, V. Saggiomo & A. Zingone, 1985. Uno studio integrato dell’ecosistema pelagico costiero
del golfo di Napoli. — Nova Thalassia, 7 (Suppl. 3): 99-128.

Shannon, C.E. & W. Weaver, 1963. The mathematical theory of communication. — Urbana Univ. Press, IL.
117 pp.

Siokou-Frangou, 1., 1991. Zooplankton communities. — [n V.A. Katsiki (ed.): Pollution research and monitor-
ing program in the Saronikos gulf, Report IV (1987-1990), pp. 218-264. NCMR, Athens.

Siokou-Frangou, . & E. Papathanassiou, 1991. Differentiation of zooplankton populations in a polluted area.
- Mar. Ecol. Prog. Ser. 76: 41-51.

Sullivan, B.K. & L.T. McManus, 1986. Factors controlling seasonal succession of the copepods Acartia hudson-
ica and A. fonsa in Narragansett Bay, Rhode Island: temperature and resting egg production. - Mar. Ecol.
Prog. Ser. 28: 121-128.

Turner, ].T., P.A. Tester & R.L. Ferguson, 1988. The marine cladoceran Penilia avirostris and the ‘microbial loop’
of pelagic food webs. — Limnol. Oceanogr. 33(2): 245-255.

Urban, J., C. McKenzie & D. Deibel, 1992. Seasonal differences in the content of Oikopleura vanhoeffeni and
Calanus finmarchicus faecal pellets: illustrations of zooplankton food webs in coastal Newfoundland wa-
ters. — Mar. Ecol. Prog. Ser 84: 255-264.

Yannopoulos, C., 1977. The annual regeneration of the Elefsis bay zooplanktonic ecosystem, Saronikos gulf.
- Rapp. Comm. int. Mer Médit. 23(9): 109-111.

Yannopoulos, C., 1978. The temperature and oxygen lethal limits of Acartia clausi Giesbrecht in a polluted
marine ecosystem. — VI Journées Etud. Pollution, Antalya, CIESM: 359-363.

Yannopoulos, C. & A. Yannopoulos, 1973. The Saronikos and the S. Evvoikos gulfs, Aegean Sea. Zooplankton
standing stock and environmental factors. — Pelagos 4(2): 73-81.

97

Siokou-Frangou et al.
Two neighbouring
zooplankton communities




