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The monthly abundance, biomass and taxonomic composition of zooplankton of Izmit Bay (the north-
eastern Marmara Sea) were studied from October 2001 to September 2002. Most species within the
zooplankton community displayed a clear pattern of succession throughout the year. Generally copepods
and cladocerans were the most abundant groups, while the contribution of meroplankton increased at
inner-most stations and dominated the zooplankton. Both species number (S ) and diversity (H') were
positively influenced by the increase in salinity of upper layers (r=0.30 and r=0.31, p <0.001,
respectively), while chlorophyll a was negatively affected (r = —0.36, p < 0.001). Even though Noctiluca
scintillans had a significant seasonality (Fi1120 = 8.45, p < 0.001, ANOVA), abundance was not related to
fluctuations in temperature and only chlorophyll a was adversely correlated (r = —0.35, p < 0.001). In
general, there are some minor differences in zooplankton assemblages of upper and lower layers. A
comparison of the species composition and abundance of Izmit Bay with other Black Sea bays reveals

a high similarity between them.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Coastal marine areas are of important ecological, economic and
social interest (Calbet et al., 2001). They are extremely variable
systems, where changes in the water circulation patterns, and
fluctuations of land influences (e.g. rivers, sewage flow) induce high
temporal variability on scales ranging from hours to seasons
(Walsh, 1988). This variability may be reflected in the dynamics of
the populations, particularly planktonic ones, thriving in coastal
systems and can hide the underlying seasonal patterns of organ-
isms’ abundance and biomass (Calbet et al., 2001). Izmit Bay, as one
of the most important coastal areas in the Marmara Sea, has been
subjected to severe pollution problems (Okay et al., 1996; Morkoc
et al,, 2001a). Although industrial loads have been reduced by
biological treatment and waste minimization from 1984 to 1995,
the domestic wastes have doubled, due to the increasing pop-
ulation around the bay. The total discharge load into the bay in this
period has therefore not changed significantly (Morkoc et al.,
2001a). The August 1999 earthquake (magnitude 7.4 on the Richter
scale), caused the destruction of waste-water discharge systems
and caused a spill of refined petroleum and crude oil onto the sea
surface from the refinery fire. After the earthquake, the increasing
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organic and inorganic loads into the bay have stimulated dense
phytoplankton blooms (Tas and Okus, 2004) which locally cause
saturated DO concentrations in the eastern basin during autumn
1999 (Balkis, 2003). Today the bay receives effluents from more
than 300 industrial facilities, together with the untreated domestic
waste waters from populated areas.

Izmit Bay, located on the NE Marmara Sea, is an elongated semi-
enclosed bay with a length of 50 km, width varying between 2 and
10 km (Fig. 1). The Bay is composed of three sub-basins separated
by shallow sills from each other. The eastern basin is relatively
shallow (at about 30 m) whereas the central basin has two small
depressions with depths of 160 and 200 m. The western basin
deepens westward from 150 to 300 m and connects the bay to the
Marmara Sea (Algan et al., 1999). Izmit Bay is oceanographically an
extension of the Marmara Sea, having a permanent two-layered
water system. The upper layer originates from less saline Black Sea
waters (18.0-22.0), whereas the lower layer originates from the
Mediterranean Sea waters which are more saline (37.5-38.5)
(Unluata et al., 1990). Although a permanent stratification occurs at
~25m in the Marmara Sea (Besiktepe et al., 1994), it is highly
variable in Izmit Bay (Oguz and Sur, 1986). The thickness of the
upper layer changes seasonally from 9 m in spring to 18 m in
autumn (Oguz and Sur, 1986; Algan et al., 1999). Inward currents are
effective in spring and summer, related to the freshwater inflow
changes at the Black Sea. This regime shifts in autumn and winter
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Fig. 1. Positions of the sampling stations.

when there is an outward flow from the bay to the Marmara Sea
(Oguz and Sur, 1986). Vertical mixing of the two layers is restricted
and occurs at shallow depths. An intermediate layer of varying
thickness develops throughout the year in the water column of the
bay (Oguz and Sur, 1986).

Although there have been several studies on the pollution,
physical and chemical characteristics of the bay (e.g. Okay et al.,
1996; Morkoc et al., 2001a; Okay et al., 2001; Tolun et al., 2001;
Balkis, 2003; Pekey et al., 2004), there has only been one study
about zooplankton structure by Tarkan et al. (2000) who examined
the dominant zooplankton species of Izmit Bay. There are however
no data on the annual zooplankton abundance, diversity and
species composition.

The aim of the present study is to examine the zooplankton
annual cycle in Izmit Bay, as shown by the seasonal evolution of
zooplankton community structure, as well as to evaluate the
influence of environmental parameters on them.

2. Material and methods
2.1. Sampling design and analysis of samples

Upper layer samples, characterizing Black Sea originated and
locally-polluted Marmara waters were monthly collected at 11
stations in Izmit Bay (Fig. 1) from October 2001 to September 2002.
Samples from the Mediterranean-originated lower layer were
taken only from three stations (2, 4 and 10) from April 2002 to
August 2002, during the presence of thermal stratification and
haline stratification. The 11 sampling sites were categorized into
three groups (eastern, middle and western parts). The eastern part
of the bay is represented by stations 1, 2, 3; the middle part by 4, 5,
6; and the western part by 7, 8, 9, 10 and 11 (Fig. 1).

All samples were collected vertically during daytime, by a WP2
closing net (157 um mesh, 0.5 m diameter) from the interface (18-
20 m), to the surface and from the bottom to the interface for
samples from the lower layers. The net was rinsed gently and
samples were transferred into plastic containers, and fixed by
addition of borax-buffered formaldehyde to a final concentration of
4%. Identification of specimens was carried out under a stereo-
microscope using a Bogorov-Rass counting chamber. Quantitative
analyses of common species were conducted from sub-samples
taken by a 1 ml Stempel pipette (at least twice). Rare species were
identified from the entire sample. Cladocerans and copepods were

identified to species or genus level. All other taxa were identified to
the lowest possible taxa.

Water temperature and salinity was measured by plONeer 65
multi-probe, using the practical salinity scale. Chlorophyll a analy-
ses were performed following the methodology of Nusch (1980).

2.2. Data analysis

The Shannon index of diversity (Shannon and Weaver, 1949)
was used for the estimation of community diversity, while domi-
nance was calculated according to Simpson (1949).

For multivariate analyses of community structure, a similarity
matrix was constructed from loge(x + 1) transformed zooplankton
abundance data, using the Bray—Curtis coefficient of similarity and
sample interrelations were mapped by non-metric multidimen-
sional scaling (MDS) using PRIMER v5.2.4, according to Clarke
(1993) and Clarke and Gorley (2001). Axes scores of MDS were
accepted as the best descriptors of zooplankton community struc-
ture in two-dimensional space. The relationship between MDS axis
scores and temperature was questioned by Pearson correlation,
while partial correlations were used for salinity and chlorophyll a,
in order to control the effects of temperature. Environmental data
were transformed to natural logarithms prior to the analysis. One-
way ANOVA was used to test the null hypotheses that zooplankton
community did not significantly differ in relation to spatio-tem-
poral patterns.

In order to seek similarities between upper and lower layer
communities, a second MDS was constructed from simultaneously
collected upper and lower layer zooplankton abundance data of
stations 2, 4 and 10. These data were treated as in the aforemen-
tioned procedure and one-way ANOVA was utilized to see whether
there was a significant difference among layers.

Spatio-temporal patterns in zooplankton community structure
and physical (salinity) and biological (Noctiluca, chlorophyll a) data
were investigated among stations and months by ANOVA. Prior to
analysis of variance, biological and physical data were normalized
by logarithmic transformations. Since an important fraction of data
was not homogeneous after transformations, the probability for
ANOVA was set at 0.01 to reduce type-I errors (Underwood, 1981).

3. Results
3.1. Hydrography

The two-layered stratification is evident from the temperature
and salinity profiles (Fig. 2). The seasonality is clear for temperature
(F11120 = 429.94, p < 0.001, ANOVA), chlorophyll a (Fi1120 = 9.07,
p < 0.001, ANOVA) and salinity (Fy1118 = 5.01, p < 0.001, ANOVA)
(Fig. 3). However, only chlorophyll a varied significantly among
stations (Fi0119 = 6.40, p < 0.001, ANOVA). The temperature ranged
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Fig. 2. The profiles of temperature and salinity, typical for winter (1) and summer (2)
in Izmit Bay.



M. Isinibilir et al. / Estuarine, Coastal and Shelf Science 78 (2008) 739-747 741

80000 1 x Zooplankton abundance 1600 - Zooplankton biomass 140000 Noctiluca scintillans
' i 120000 *
1
60000 { | 1200 1 100000
o' 80000 -
40000 4, ' & 800 =
\ 60000 -
20000 {* # 400 1 A0 5
R\ b /o F 20000-"3 %
NERRR = oWt o olE ¥ ‘ :
5%;88888%38% 52588888%88%
2 22T 32 2 2
83858558533§ 85853825533§
50000 - Copepoda 24000 - Cladocera 18000 - Meroplankton
' <&
50000 1 ¥ i
\ 13500 |
40000 1 1 16000 - #
\
30000 ey 9000 4
20000 8000 4
g 4500 4
10000 - b
* 4 %/ "
g e e 013 At b o d Gl B e Pekad | Siafone
555888888888 552888888888 552889598888 —o- 1
= < = t = = e 5
8585885835333 85838828538% 858588255333 . -
—— 4
C A s
30 - % 6
7
*x 8
201 & x 9
-p- 10
e 1
10 |
o A
5546888888888 055"&888883%8
g?ﬁ‘gg.-.-é.':—:',a} 8§§53¢§>§3 3
5838228537 §83328333%
26 - Temperature (°C) 30 - Salinity 16 -
=
20 264 & b
10 1
18 4 24
16 8 -
14 221 6
12 20 %
10 4 18 4
84 4 1 24
64 . 16 4 0-

Jun-02 4
Jul-02 4

555889y T
5333388235383

Sep-02 -

g
g

S TTTITIT
§585585843

Fig. 3. Fluctuations in (A) zooplankton abundance (ind. m~3), biomass (mg m~>) and Noctiluca scintillans; (B) copepoda, cladocera and meroplankton abundance (ind. m~3); (C)

zooplankton diversity; (D) environmental parameters.

from 7.6 °C (January 2002) to 21.6 °C (July 2002). The salinity of the
upper layer decreased in summer due to the arrival of the SW Black
Sea shelf waters, while in winter the eastern part of the bay had
lower salinity due to precipitation. The minimum salinity (17.0 at
stations 1 and 2) was observed in December 2001. In February

2002, the upper layer salinity increased to 28.7 (Station 7). A neg-
ative correlation was observed between temperature and salinity
(r=-0.44, p < 0.001), as a result of apparent seasonal patterns in
fluctuations of salinity. Chlorophyll a was high at the inner-most
section (stations 1, 2, 3 and 4); while concentrations were relatively
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lower in the middle and western parts of the bay (Fig. 4). The dis-
tribution of chlorophyll a was highly variable, but still had signifi-
cant spatio-temporal patterns and was weakly correlated with
temperature (r = —0.32, p < 0.001).

3.2. Zooplankton species assemblages and diversity

Zooplankton abundance and biomass showed a seasonal dis-
tribution in Izmit Bay (Fig. 4). The total zooplankton abundance
(excluding the dinoflagellate Noctiluca scintillans) was character-
ized by two peaks, autumn and spring (Fig. 3). The highest zoo-
plankton abundance was encountered at station 10 in October 2001
(79,332 ind. m—3), particularly due to high Penilia avirostris and
Oithona nana abundance (18,650 ind. m~> and 19,261 ind. m~3,
respectively). The zooplankton biomass, on the other hand, was the
highest at station 8 in March 2002, due to Calanus euxinus (Fig. 3).
Most of the zooplankton groups exhibited clear seasonality in Izmit
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Bay. Generally copepods and cladocerans were the most abundant
groups, while contribution of meroplankton increased at innermost
sections and dominated zooplankton (e.g. station 2, April 2002).
Acartia clausi was present all year, reaching higher densities in early
winter (Fig. 5), while Centropages ponticus and Calanus euxinus
were the most important contributors to the copepod community
during winter and spring. Oithona nana, Euterpina acutifrons and
Paracalanus parvus were abundant in autumn. Pleopis poly-
phemoides was encountered in autumn and spring, while fine
particle filter feeders, i.e. Penilia avirostris and Oikopleura dioica,
dominated the zooplankton community in late summer and au-
tumn. Bivalve larvae reached high concentrations in winter and
spring particularly at inner regions.

Species number (S) and diversity (H') varied significantly
through the year (F11'120 =19.71 and F11120 = 13.06, p < 0.001,
respectively, ANOVA) and dropped to their lowest values in June,
particularly at stations located at eastern part of the bay, while
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Fig. 4. Spatial distribution of salinity, chlorophyll a (pg. L~!), zooplankton abundance (log ind. m~3) and zooplankton biomass (mg m—3) in upper layer of Izmit Bay. Figure legends

indicate minimum and maximum values in the 12-month data.
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Fig. 5. Fluctuations in abundance of major zooplankton species and groups in the upper layer.

dominance in the zooplankton community attained the highest
values. This decrease in diversity is due to the numerical domi-
nance of Favella sp. (Ciliata, Tintinnina), Polychaeta larvae and
copepodites. In addition a phytoplankton bloom in January, as
designated by high chlorophyll a concentration, also caused a re-
markable decrease in S and H'. Both S and H' were positively
influenced by the increase in salinity (r=0.30 and r=0.31,
p < 0.001, respectively), while chlorophyll a negatively affected S
(r=-0.36, p < 0.001).

3.3. Noctiluca scintillans

The heterotrophic dinoflagellate Noctiluca scintillans, as a major
component of net samples in Izmit Bay, followed a rather regular
trend throughout the year, with highest values in November 2001
(126 x 10°ind. m3) and May 2002 (111 x10°ind. m3). In
November, middle parts of the bay had higher Noctiluca abundance,
while in May innermost sections had higher values. N. scintillans
density dropped sharply to minimum levels following November
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peak, and abundances were very low from December to February.
The species was not encountered in August sampling. Even though
the species had a significant seasonality (Fi1120 = 8.45, p < 0.001,
ANOVA), abundance was not related to fluctuations in temperature
and only chlorophyll a was inversely correlated (r= —0.35,
p < 0.001).

3.4. Zooplankton community structure

The zooplankton community of Izmit Bay had high seasonality,
particularly along the first axis of MDS ordination (Fig. 6,
F11120 = 117.52, p < 0.001). Seasonal patterns were also very strong
along the second axis (Fi1120 = 71.81, p < 0.001), while no spatial
differences were observed along both axis. Winter community was
characterized by high abundance of Calanus euxinus and bivalve
larvae (Group A). June samples were clearly separated on the
ordination plane and displayed the highest within month variation
(Group B). This pattern is due to the differences in species
composition in eastern, western and middle parts of the bay
(Fig. 6), particularly due to the high abundance of Favella sp., Pleopis
polyphemoides and Rotifera. Summer communities were gathered
in Group C and samples were dominated by Penilia avirostris,
Oithona nana and Paracalanus parvus. November samples displayed
a more homogeneous community structure, as transition period
from summer to winter communities (Group D). The first axis of
MDS was significantly correlated with temperature (r= —0.70,
p < 0.001). On the other hand the second axis was weakly associ-
ated with salinity (r = 0.26, p = 0.003) and chlorophyll a (r = —0.27,
p=0.003).

3.5. Comparison of upper and lower layers

Limited samplings performed at the lower layer showed that the
upper layer generally had higher zooplankton abundance than the
lower layer (Table 1). In the upper layer, maximum average abun-
dance was 8714 + 12738 ind. m 3, while the respective value was
4039 + 7933 ind. m~3 in the lower layer. Two-way ANOVA showed
significant differences of zooplankton abundance (F=5.13, 2 d.f,
p=0.013) and number of species (F=7.83, 2 d.f, p=0.002)
between layers. Both layers were generally dominated by Copepoda
and Cladocera in the western part, while bivalve larvae were higher
at the lower layer in eastern parts. There are some minor differ-
ences in zooplankton assemblages of upper and lower layers, e.g.
the occurrence of Oncaea sp. MDS ordination of combined data of
upper and lower layers showed that the highest variation in data
(Axis 1) is controlled by seasonal patterns (Fq2g = 8.45, p = 0.007,
ANOVA) while samples were clearly discriminated according to
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Fig. 6. MDS ordination of upper layer samples.

their strata along the second axis (F425 = 9.25, p < 0.001, ANOVA)
(Fig. 7). Noctiluca abundance also significantly varied among layers
(F128 = 8.17, p = 0.008, ANOVA).

4. Discussion

The present study provides information on the neritic area of
Izmit Bay by describing the main zooplankton species and their
seasonality. In the study, the most widely distributed zooplankton
species were also the most abundant ones, such as Paracalanus
parvus, Acartia clausi, Oithona nana, Calanus euxinus, Euterpina
acutifrons, Penilia avirostris, Evadne tergestina, Pleopis poly-
phemoides and bivalve larvae. These species are similar to those
reported for the Marmara Sea (Tarkan and Erguven, 1988; Unal
et al.,, 2000; Yuksek et al., 2002; Yilmaz et al., 2005).

As a highly stratified basin, zooplankton abundance was higher
in the upper layer than the lower layer in Izmit Bay. The same
tendency for zooplankton abundance was also observed in Istanbul
Strait (Tarkan et al., 2005) and in open parts of the Marmara Sea
(Unal et al., 2000). The strong stratification at the basin is known to
limit diurnal vertical migration pattern of zooplankton and its main
biomass is concentrated at the upper layer (Mutlu, 2005). On the
contrary, current data indicated similarities among upper and
lower layers with some differences in species assemblages. The
reason for this pattern should be attributed to the relatively closed
and shallow structure of the Izmit Bay. The upper layer was char-
acterized by significantly higher values of total zooplankton
abundance and biomass.

The coastal areas of Izmit Bay have been greatly affected by
anthropogenic influences during the last decades (Morkoc et al.,
2001b). The increases in the nutrient and pollutant inputs have
induced changes in both hydrological and hydro-chemical regimes,
resulting in intense eutrophication of the area (Morkoc et al,
2001b; Okay et al, 2001). The magnitude of eutrophication
increased from outer to inner parts and the inner-most sections of
the bay (eastern part) had higher zooplankton abundance due to
the enrichment of the region by terrestrial and anthropogenic
influxes through the small freshwater inflow. The effects of eutro-
phication have also been observed on a temporal scale and a clear
increase in zooplankton abundance in the bay between 1975
(maximum 1776 ind. m~3) to 2002 (maximum 79,345 ind. m~3)
could be taken as a negative aspect of the artificial eutrophication of
the region.

Yilmaz et al. (2005) reported two zooplankton abundance
maxima for the NE Marmara Sea: one in autumn (September-
October 2001) and a second peak in summer (July 2002). During
the study in Izmit Bay, an autumn maximum was detected at
station 10, but a second peak was observed in spring (March-April)
at almost all stations located in eastern part of the bay. The autumn
maximum was related to the abundance of cladocerans and
copepods, while the spring one is almost exclusively due to
copepods. Autumn and spring maxima have also been reported in
the Sevastopol Bay (Ukraine) and Galata Cape (Bulgaria) (Hubareva
et al., 2004; Siokou-Frangou et al., 2004). The spring maximum
could be associated with the phytoplankton peak; during the study
period, chlorophyll a reached highest values in January-February
2002. As for the spring and autumn peak, a relationship with
elevated chlorophyll a values could be explained at almost all
stations. The zooplankton community structure is comparable to
other regions of the Marmara Sea. The only significant difference is
the high abundance of Calanus euxinus and its contribution to the
winter community.

A similar trend to total zooplankton abundance was observed in
Noctiluca scintillans distribution. Two peaks in abundance have
been reported in spring (April-June) and November for N. scintil-
lans in the Marmara Sea (Yilmaz et al., 2005). This species is known
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Table 1
The regional mean abundance (ind. m~3) of dominant mesozooplankton taxa in the upper and lower layers of Izmit Bay (in stations 2, 4, 10) from April to August
Upper layer Lower layer
East Middle West East Middle West
2 4 10 2 4 10
Copepoda 2245 + 190 2604 + 265 3782 + 332 971 £ 16 497 423 1720 + 120
Acartia clausi 464 + 519 813 £ 889 948 + 691 314 + 470 143 + 214 250 + 315
Calanus euxinus 31+68 97 + 202 144 + 304 0 31+37 281 + 409
Centropages ponticus 82 + 182 46 + 103 51 + 100 8+ 16 15+ 21 0
Oithona nana 268 + 530 592 £ 653 1315 £ 2511 13 +28 87 + 194 71+ 146
Oithona smiles 46 + 63 25 +57 56 + 125 6+ 14 15+ 28 41 +59
Paracalanus parvus 20 + 46 71 + 160 61 +91 0 5+ 11 57 +£ 115
Pseudocalanus elongatus 566 + 1265 71 4+ 160 270 + 590 31+62 3+6 290 + 608
Oncaea media 0 0 0 64 + 142 61 + 110 87 +£ 194
Cladocera 318 £ 72 1121 + 446 1554 + 347 73+1 84 +1 92+2
Evadne tergestina 10 +£23 1083 + 2149 821 + 1643 13 +28 10 +23 15+34
Penilia avirostris 8+ 11 204 + 456 510 + 1055 0 10 + 23 6+13
Pleopis polyphemoides 20 + 46 41 +78 158 + 215 57 + 128 3879 71 + 121
Cirriped larvae 25+44 13 +28 32+48 0 3+6 0
Appendicularia 23 +£39 13+£22 148 + 275 0 10+ 14 48 1 88
Chaetognatha 2+3 6+8 49 + 74 0 549 13 +£25
Polychaete larvae 49 + 48 50 + 39 129 + 230 13+17 1m+11 56 + 85
Bivalve larvae 3638 + 7158 601 + 717 851 + 1426 1207 + 2220 125 4+ 167 145 + 161
Total zooplankton 8714 + 12738 4710 + 3507 6662 + 4698 4039 + 7933 765 + 519 2111 £ 2130

to increase its abundance significantly in semi-closed and eutro-
phic bays of the basin (Yilmaz et al., unpublished). Although the
aforementioned studies indicate that the November increase is
a minimum of ~ 10-fold weaker than the spring one, in the current
study both periods were characterized by very similar abundances.
This pattern should be associated with a continuous production at
the region, promoting Noctiluca growth in favorable conditions.
This high biomass of Noctiluca significantly affected the zooplank-
ton community structure and the partial correlation between first
axis score of MDS and Noctiluca abundance (controlling for the
effect of temperature) pointed out a significant negative correlation
(r=-0.40, p < 0.001). Recent work has suggested that N. scintil-
lans, competing for the same food resources with many other
zooplankters, significantly affects the zooplankton community
structure and abundance in the Marmara Sea (Yilmaz et al., 2005).
In contrary to this work, however, descriptors of zooplankton
diversity were generally positively correlated with the increase in
Noctiluca abundance in Izmit Bay. This peculiar trend should be
taken as an effect of eutrophication in the region, and the factors
increasing Noctiluca abundance also caused an increase in zoo-
plankton abundance and diversity.

The comparison between the Black Sea and the Aegean Sea
coastal ecosystems reveals both differences and similarities in
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Fig. 7. MDS ordination of combined data of upper and lower layer samples.

zooplankton abundance (Kovalev et al., 2001). Studies from other
areas of Marmara Sea, Black Sea and Mediterranean Sea (Ogdul and
Erguven, 1992; Siokou-Frangou, 1996; Yuksek et al., 2002; Kovalev
etal., 2003; Isinibilir and Tarkan, 2004; Siokou-Frangou et al., 2004;
Yilmaz et al., 2005) showed that copepods and cladoceras are
dominant groups (excluding Noctiluca scintillans) in spring,
summer and autumn. In the Mediterranean Sea which shows
characteristics of oligotrophic waters, higher diversity and lower
abundance of zooplankton (Siokou-Frangou, 1996) were recorded
than the findings of Izmit Bay. The Black Sea is characterized by low
salinity, varying between 18 and 24, resulting in the dominance of
euryhaline marine species and the important presence of brackish-
water species (Zaitsev, 1992). According to the distribution of water
masses, the structure of the zooplankton community in the upper
water of [zmit Bay has been established by species originated from
Black Sea. A comparison of the species composition of Izmit Bay
with Black Sea bays reveals a high similarity between them. The
abundance and biomass of zooplankton in the Izmit Bay is, how-
ever, higher than the values in other areas of the Black Sea
(Gubanova et al., 2001; Hubareva et al., 2004; Bat et al., 2007; Ustun
et al., 2007), which is probably due to the stratified structure and
lack of strong current system as well as the high nutrient input. This
indicates that there are favorable conditions for zooplankton
populations in Izmit Bay.

Acartia clausi, a eurythermic and euryhaline copepod, is widely
distributed in temperate and warm waters of the Atlantic and
Pacific oceans and in the Black Sea and the Mediterranean, where it
reproduces all year round (Gubanova et al., 2001). The species has
a high tolerance to pollution and it usually dominates zooplankton
in polluted areas. In summer, A. clausi is generally the only copepod
species observed in polluted waters (Lakkis, 1974; Gubanova et al.,
2001). The results of the present work also support these findings
and indicate a dominance and year-round occurrence of A. clausi in
the region which reflects the eutrophic characteristics of the area.

The copepod Oncaea media is a typical Mediterranean species
and was found in Marmara Sea (Unal et al., 2000). Oncaea media
was found only in the lower layer of Izmit Bay. This indicates that
the upper layer water is formed by the Black Sea water with
lower salinity which is unsuitable for 0. media because of the low
salinity.

The method used for sampling zooplankton was not very suit-
able for micro-zooplankton (Cilliata). However, in our samples,
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high numbers of Favella sp. (Ciliata) were found in the upper water
of Izmit Bay in late spring—early summer (especially in July). There
are no data on the tintinnid community in Izmit Bay. Balkis (2004)
reported a list of tintinnid species and their abundance in Buyuk-
cekmece Bay in the Marmara Sea. The percentage distribution of
tintinnids revealed that the highest numbers of tintinnid species
were found in June and November. Although the peak of Favella sp.
in Izmit Bay was in the same period in July we did not find it in
November. Meso-zooplankton feeds on tintinnids (Levinsen and
Nielsen, 2002) and their lowest abundance was found in July. Since
tintinnid species structure were not measured in this study, we do
not know the exact effect on the meso-zooplankton, but it would be
interesting to study the relationship between tintinnids and meso-
zooplankton in Izmit Bay.

Eutrophication can have an indirect effect on zooplankton spe-
cies diversity through its impact on the phytoplankton (Shiganova
et al,, 1998). With increasing phytoplankton biomass, the abun-
dance of Noctiluca scintillans and herbivorous zooplankton species
increase (Shiganova et al., 1998). In Izmit Bay, decreasing nutrients
from the eastern to western part (Aktan et al., 2005) may have
caused an increase in species diversity of zooplankton. High den-
sities due to increase of one species generally corresponded with
low species diversity, thus explaining the negative correlation
between species diversity and zooplankton abundance. Diversity
values were lower in the eastern and middle parts, which are
affected extensively from industrial and domestic inputs. This
result shows that increasing productivity cause decreases in
zooplankton diversity.

Gelatinous zooplankton in the Black Sea can influence the
zooplankton community substantially (Kideys et al., 2000; Kideys
and Romanova, 2001). The same effect has been observed in the
Marmara Sea (Isinibilir et al., 2004). Gelatinous zooplankton,
especially Mnemiopsis leidyi, are known to feed voraciously on
zooplankton (Tsikhon-Lukashina et al., 1991; Finenko et al., 2001).
In Izmit Bay, the invader species Mnemiopsis leidyi and the resident
Aurelia aurita and Pleurobrachia pileus had high abundances during
2001-2002 and the highest population of gelatinous zooplankton
occurred in summer and at the end of autumn (Isinibilir, 2007). This
may suggest that gelatinous zooplankton may be an important
force in initiating winter and summer decline in zooplankton in
Izmit Bay.

In conclusion, the zooplankton abundance is primarily con-
trolled by fluctuations in physical environment, particularly
temperature, which causes high seasonality among samples. Due to
pollution and eutrophication the copepod Acartia clausi and the
dinoflagellate Noctiluca scintillans were favored, while rare species
became extinct. It is clear that for a better understanding of the
ecosystem of Izmit Bay, long-term monitoring data on the impor-
tant biological components and on the quality and quantity of
zooplankton is essential.

Acknowledgments

This work was supported by the Research Fund of the Istanbul
University (Project number T-1121/18062001). We are grateful to
Sefa Sirmen, Kocaeli deputy and Kocaeli municipality, for his
support to our study. We wish to thank Turhan Ketenci, Hasan
Isinibilir and Ibrahim Isinibilir for their support and assistance at
sea. This study is a cooperating project of the Census of Marine
Zooplankton (CMarZ), a field project of the Census of Marine Life.

References

Aktan, Y., Tufekci, V., Tufekci, H., Aykulu, G., 2005. Distribution patterns, biomass
estimates and diversity of phytoplankton in Izmit Bay (Turkey). Estuarine,
Coastal and Shelf Science 64, 372-384.

Algan, O., Altiok, H., Yiice, H., 1999. Seasonal variation of suspended particulate
matter in two-layered zmit Bay, Turkey. Estuarine, Coastal and Shelf Science 49,
235-250.

Balkis, N., 2003. The effect of Marmara (Izmit) Earthquake on the chemical
oceanography of Izmit Bay, Turkey. Marine Pollution Bulletin 46, 865-878.
Balkis, N., 2004. Tintinnids (Protozoa: Ciliophora) of the Buyukcekmece Bay in the

Sea of Marmara. Scientia Marina 68, 33-44.

Bat, L, Sahin, F, Ustun, F, Kideys, A.E., Satilmis H., 2007. The qualitative and
quantitative distribution in phytoplankton and zooplankton of Southern Black
Sea of Cape Sinop, Turkey in 1999-2000. Marine Challenges: coastline to deep
sea. OCEANS'07 IEEE Aberdeen Conference and Exhibition, Conference
Proceedings, Aberdeen, Scotland, pp. 1-6.

Besiktepe, S.T., Sur, H.I, Ozsoy, E., Latif, M.A.,, Oguz, T., Unluata, U, 1994. The
circulation and hidrography of the Marmara Sea. Progress in Oceanography 34,
285-334.

Calbet, A., Garrido, S., Saiz, E., Alcaraz, M., Duarte, C.M., 2001. Annual zooplankton
succession in coastal NW Mediterranean waters: the importance of the smaller
size fractions. Journal of Plankton Research 23, 319-331.

Clarke, K.R., 1993. Non-parametric multivariate analysis of changes in community
structure. Australian Journal of Ecology 18, 117-143.

Clarke, K.R.,, Gorley, R.N.,, 2001. PRIMER v5: User manual/tutorial. PRIMER-E,
Plymouth, UK, 91 pp.

Finenko, G.A., Anninsky, B., Romanova, Z.A., Abolmasova, G.I, Kideys, A.E., 2001.
Chemical composition, respiration and feeding rates of the new aline cteno-
phore, Beroe ovata, in the Black Sea. Hidrobiologia 451, 177-186.

Gubanova, A.D., Prusova, L.Yu., Niermann, U., Shadrin, N.V., Polikarpov, L.G., 2001.
Dramatic change in the copepod community in Sevastopol Bay (Black Sea)
during two decades (1976-1996). Senckenbergiana Maritima 31, 17-27.

Hubareva, E.S., Svetlichny, LS., Romanova, Z.A., Abolmasova, G.I, Anninsky, B.E.,
Finenko, G.A. Bat, L., Kideys, A., 2004. Zooplankton community state in
Sevastopol Bay after the invasion of ctenophore Beroe ovata into the Black Sea
(1999-2003). Marine Ecological Journal 3, 39-46 (In Russian).

Isinibilir, M., Tarkan, A.N., 2004. Zooplankton structure in the Marmara Sea in
August 2000. Rapport Du 37e Congrés De La Commission Internationale Pour
L'Exploration Scientifique De La Mer Méditerranéé, CIESM, Monaco, 372 pp.

Isinibilir, M., Tarkan, A.N., Kideys, A.E., 2004. Decreased levels of the invasive
ctenopore Mnemiopsis in the Marmara Sea in 2001. In: Dumont, H,
Shiganova, T.A., Niermann, U. (Eds.), Aquatic Invasions in the Black, Caspian
and Mediterranean Seas. Kluwer Academic Publishers, Dordrecht, The Neth-
erlands, pp. 155-165.

Isinibilir, M., 2007. Abundance of gelatinous zooplankton in Izmit Bay, the Sea of
Marmara. Rapport Du 38e Congrés De La Commission Internationale Pour
L’Exploration Scientifique De La Mer Méditerranéé, CIESM, Monaco, 505 pp.

Kideys, A.E., Romanova, Z.A., 2001. Distribution of gelatinous macrozooplankton in
the southern Black Sea during 1996-1999. Marine Biology 139, 535-547.

Kideys, A.E., Kovalev, A.V., Shulman, G., Gordina, A., Bingel, F, 2000. A review of
zooplankton investigations of the Black Sea over the last decades. Journal of
Marine Systems 24, 355-371.

Kovalev, A.V., Mazzocchi, M.G., Siokou-Frangou, L., Kideys, A.E., 2001. Zooplankton of
the Black Sea and the Eastern Mediterranean: Similarities and dissimilarities.
Mediterranean Marine Science 2, 69-77.

Kovalev, A.V., Mazzocchi, M.G., Kideys, A.E., Toklu, B., Skryabin, V.A., 2003. Seasonal
changes in the composition and abundance of Zooplankton in the Seas of the
Mediterranean Basin. Turkish Journal of Zoology 27, 205-219.

Lakkis, S., 1974. Considerations on the distribution of pelagic copepods in the
Eastern Mediterranean of the coast of Lebanon. Acta Adriatica 18, 39-52.

Levinsen, H., Nielsen, T.G., 2002. The trophic role of marine pelagic ciliates and
heterotrophic dinoflagellates in arctic and temperate coastal ecosystems: A
cross-latitude comparison. Limnology and Oceanography 47, 427-439.

Morkoc, E., Okay, S.0., Tolun, L., Tiifekgi, V., Tiifekgi, H., Legovig, T., 2001a. Towards
a clean Izmit Bay. Environmental International 26, 157-161.

Morkoc, E., Tufekci, H., Tolun, L., Tufekci, V., Telli Karakoc, F, Okay, O., Aktan, Y.,
Tarkan, A.N.,, 2001b. Izmit Korfezinin iyilestirilmesi projesi, final report,
TUBITAK- Marmara Research Center, Gebze-Kocaeli, 65 pp. (in Turkish).

Mutluy, E., 2005. A comparison of the contribution of zooplankton and nekton taxa
to the near-surface acoustic structure of three Turkish seas. Marine Ecology 26,
17-32.

Nusch, E.A., 1980. Comparison of different methods for chlorophyll and phaeopig-
ment determination. Archiv fiir Hydrobiologie Beihefte Ergebnisse Limnologie
14, 14-36.

Ogdul, R.G., Erguven, H., 1992. A study on the abundance and composition of
zooplankton groups in the bay of Beykoz (Bosphorus). Istanbul University
Journal of Aquatic Products 1, 105-120.

Oguz, T, Sur, H.I, 1986. A numerical modelling study of circulation in the Bay of
Izmit: Final Report. TUBITAK-Marmara Research Center, Chemistry Department
Publication, Kocaeli, Turkey, No. 187, p. 97.

Okay, S.O., Legovic, T., Tufekci, V., Egesel, L., Morkoc, E., 1996. Environmental impact
of land-based pollutants on Izmit Bay (Turkey): short-term algal bioassays and
simulation of toxicity distribution in the marine environment. Archives of
Environmental Contamination and Toxicology 31, 459-465.

Okay, O.S., Tolun, L., Telli-Karakog, F., Tiifekgi, V., Tiifekgi, H., Morkoc, E., 2001. Izmit
Bay (Turkey) Ecosystem after Marmara earthquake and subsequent refinery
fire: the long-term data. Marine Pollution Bulletin 42, 361-369.

Pekey, H., Karakas, D., Ayberk, S., Tolun, L., Bakoglu, M., 2004. Ecological risk
assessment using trace elements from surface sediments of Izmit Bay (North-
eastern Marmara Sea) Turkey. Marine Pollution Bulletin 48, 946-953.



M. Isinibilir et al. / Estuarine, Coastal and Shelf Science 78 (2008) 739-747 747

Shannon, C.E., Weaver, W., 1949. The Mathematical Theory of Communication.
University of Illinois Press, Urbana, 125 pp.

Shiganova, TA., Kideys, AE., Gucu, A.C., Niermann, U., Khoroshilov, V.S., 1998.
Changes in species diversity and abundance of the main components of the
Black Sea pelagic community during the last decades. In: Ivanov, LI, Oguz, T.
(Eds.), Ecosystem Modelling as a Management Tool for the Black Sea. Kluwer
Academic Publishers, Netherlands, pp. 171-188.

Simpson, E.H., 1949. Measurement of diversity. Nature 163, 688.

Siokou-Frangou, I., 1996. Zooplankton annual cycle in a Mediterranean coastal area.
Journal of Plankton Research 18, 203-223.

Siokou-Frangou, I, Shiganova, T., Christou, E.D., Kamburska, L., Gubanova, A.,
Konsulov, A., Musaeva, E., Skryabin, V., Khoroshilov, V., 2004. Mesozooplankton
communities in the Aegean and Black Sea: a comparative study. Marine Biology
144, 1111-1126.

Tarkan, A.N., Erguven, H., 1988. The main copepod species of Marmara Sea. Journal
of Aquatic Products 2, 71-72.

Tarkan, A.N., Morkoc, E., Tuncay, M.S., 2000. Dominant zooplankton species of [zmit
Bay. In: Ozturk, B., Kadioglu, M., Ozturk, H. (Eds.), Marmara Sea 2000 Sympo-
sium. Turkish Marine Research Foundation (TUDAV) Publications 5, Istanbul, pp.
468-474.

Tarkan, A.N,, Isinibilir, M., Tarkan, A.S., 2005. Seasonal variations of the zooplankton
composition and abundance in the Istanbul Strait. Pakistan Journal of Biological
Sciences 8, 1327-1336.

Tas, S., Okus, E., 2004. Phytoplanktonarbeiten im Golf Izmit, Turkei. Mikrokosmos
93, 21-24.

Tolun, L.G., Okay, O.S., Gaines, A.F, Tolay, M., Tifekgi, H., Kiratli, N., 2001. The
pollution status and the toxicity of surface sediments in Izmit Bay (Marmara
Sea). Turkey. Environment International 26, 163-168.

Tsikhon-Lukashina, Ye.A., Reznichenko, O.G., Lukasheva, T.A., 1991. Quantitative
patterns of feeding of the Black Sea ctenophore Mnemiopsis leidyi. Oceanology
31, 196-199.

Underwood, A.J.,, 1981. Techniques of analysis of variance in experimental marine bi-
ology and ecology. Oceanography and Marine Biology Annual Reviews 19, 513-605.

Unal, E., Shmeleva, A.A., Zagordnyaya, ]., Kideys, A.E., 2000. Zooplankton structure
and copepod species of the Sea of Marmara in spring 1998. In: Ozturk, B.,
Kadioglu, M., Ozturk, H. (Eds.), Marmara Sea 2000 Symposium. Turkish Marine
Research Foundation (TUDAV) Publications 5, Istanbul, pp. 450-460.

Unluata, U,, Oguz, T., Latif, M.A., Ozsoy, E., 1990. On the physical oceanography of the
Turkish Straits. In: The Physical Oceanography of Sea Straits, NATO/ASI Series.
Kluwer Academic Publishers, The Netherlands, pp. 25-60.

Ustun, F, Bat, L., Sahin, F,, Satilmis H., Ozdemir, Z.B., Kideys, A.E., 2007. Annual cycle
of zooplankton off Sinop, the Southern Black Sea, in 2003-2004. Rapport Du
38e Congrés De La Commission Internationale Pour L’Exploration Scientifique
De La Mer Méditerranéé, CIESM, Monaco, 628 pp.

Walsh, JJ., 1988. On the Nature of Continental Shelves. Academic Press, London, 520 pp.

Yilmaz, LN., Okus, E., Yuksek, A., 2005. Evidence for influence of a heterotrophic
dinoflagellate (Noctiluca scintillans) on zooplankton community structure in
a highly stratified basin. Estuarine, Coastal and Shelf Science 64, 475-485.

Yuksek, A., Yilmaz, LN., Okus, E. Uysal, Z, Shmeleva, A.A, Gubanova, AD.
Altukhov, D., Polat-Beken, S.C., 2002. Spatio-temporal variations in zooplankton
communities and influence of environmental factors on them in SW Black Sea
and the Sea of Marmara. In: Yilmaz, A., Salihoglu, 1., Mutlu, E. (Eds.), Second
Conference of Oceanography of the Eastern Mediterranean and Black Sea.
TUBITAK Publishers, Ankara, pp. 774-784.

Zaitsev, Yu.P., 1992. Recent changes in the trophic structure of the Black Sea. Fish-
eries Oceanography 1, 180-189.



	Annual cycle of zooplankton abundance and species composition in Izmit Bay (the northeastern Marmara Sea)
	Introduction
	Material and methods
	Sampling design and analysis of samples
	Data analysis

	Results
	Hydrography
	Zooplankton species assemblages and diversity
	Noctiluca scintillans
	Zooplankton community structure
	Comparison of upper and lower layers

	Discussion
	Acknowledgments
	References


