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Abstract
Zooplankton community and its relationship to environmental variables were investigated seasonally between autumn 2006 and
summer 2008 in the Gulf of Bandırma (the Sea of Marmara). In the Gulf, we identified nine Copepoda, three Cladocera, one
Hydrozoa, one Cydippida, Appendicularia, Bivalvia, Chaetognatha, Cirripedia, Decapoda, Echinodermata, Gastropoda,
Polychaeta, Pisces larvae, and Pisces eggs at three sampling stations. Shannon-Weaver diversity index and Pielou’s evenness
value ranged between 0.00–2.72 and 0.00–1.00, respectively. The first two components of the redundancy analysis (RDA)
explained 81.9% of the variance as the main factors (generally the longest arrows) affecting the spatial and temporal distributions
of zooplankton in the Gulf of Bandırma, with dissolved oxygen (DO), nitrite+nitrate (NO3 + NO2-N) and phosphate (PO4-P).
Liriope tetraphylla, Oithona nana, Paracalanus parvus, Penilia avirostris,Appendicularia and veliger larvae (Gastropoda) were
positively related to DO and salinity, and negatively correlated with temperature, chlorophyll-a (Chl-a), Trophic State Index
(Trix), PO4-P, and NO3 + NO2-N. According to Spearman’s rank correlation analysis, there was a strong positive correlation
between the number of zooplankton individuals and temperature, and the number of zooplankton individuals negatively corre-
lated with salinity and Chl-a. In order to determine similarities among seasons in the samples, the Bray-Curtis similarity index
was calculated using species diversity and abundance values, while Euclidean distances were calculated using ecological
parameters. Overall, the diversity of zooplankton in the Gulf of Bandırma was higher in the first sampling year and decreased
due to the effect of mucilage in the second sampling year.
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Introduction

In marine ecosystems, zooplankton plays an important role as
a primary consumer and a secondary producer. Zooplankton
plays a key role in the pelagic food web by transferring pho-
tosynthetically produced energy to higher trophic levels. Due
to its importance in the food chain, more zooplankton in an
aquatic environment can lead tomore fish populations feeding
on zooplankton. Changes in environmental conditions affect
the population structure and distribution of zooplankton, as
well as other trophic levels (Wang et al. 2014).

With a surface area of 11,500 km2 and a maximum depth of
1390 m, the Sea of Marmara is a small basin between the

continents of Asia and Europe, forming the “System of
Turkish Straits” between Bosphorus and the Dardanelles
(Beşiktepe et al. 1994). While brackish waters from the
Black Sea, with a salinity of 17.6, flow into the Sea of
Marmara with the overcurrent through the Bosphorus, waters
from the Aegean Sea (the salinity is app. 38.5) are carried into
the Sea of Marmara with the undercurrent through the
Çanakkale. Between these two strata, which do not mix with
each other, there is an intermediate layer of salinity approxi-
mately 25 m deep (Ullyott and Pektaş 1952). These deep salt
waters have a low content of oxygen. Fauna and flora of the
Sea of Marmara, which contains both brackish and typical sea
water, are diverse.

Bandırma is a heavily populated area (> 120.000 people)
impacted by anthropogenic and industrial pollution.
According to Balkis et al. (2012), the phosphate content of
the surface waters of Bandırma, located at the northeast Gulf
of Bandırma and Kapıdağ Peninsula, are the highest in the Sea
of Marmara. Domestic waste and the chemical fertilizer
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factory in this region are the primary causes of the increase in
phosphate in the gulf (Balci et al. 2014). In addition, the nu-
trient contents of surface and bottom waters of Bandırma are
quite rich. There are fertilizer and acid industry factories in the
coastal areas of this gulf (Balci et al. 2014). Susurluk Stream,
which originates from a combination of the Kara Stream and
Manyas Lake (Including the Bird Paradise National Park,
known for its host to many birds), is the most important pro-
vider of fresh water and nutrients in the gulf. There is also an
important port in the Gulf of Bandırma. The economic impor-
tance of Bandırma city has increased in the Marmara Region
due to intensive white meat and fertilizer production; howev-
er, this negatively affects the Gulf of Bandırma (Balci et al.
2014).

Many studies have been conducted on the zooplankton in
the Sea of Marmara (Öğdül and Ergüven 1992; Benli et al.
2001; Tarkan et al. 2005; Svetlichny et al. 2006; Isinibilir et al.
2008; İşinibilir-Okyar et al. 2015). By contrast, in the Gulf of
Bandırma, which is located to the south of the Sea of
Marmara, there are few studies that are not comprehensive
(Isinibilir 2010; Isinibilir et al. 2010).

In this study, the seasonal variations in zooplankton distri-
bution, abundance and community composition in the Gulf of
Bandırma (the Sea of Marmara) and the effects of several
environmental factors on their distributions were analysed.
In addition, this study is important as there are not enough
comprehensive studies on zooplankton in the Gulf of
Bandırma, fishing activities are carried out in this region,
and the gulf is threatened with intense pollution. These data
on zooplankton will contribute to the biodiversity in the Sea of
Marmara.

Materials and methods

Zooplankton samples were collected seasonally at three sta-
tions (30 m depth to surface, vertically and horizontally) from
the autumn (November) 2006 to the summer (August) 2008 in
the Gulf of Bandırma using a WP2 plankton net with a 57 cm
mouth diameter and 200 μm mesh size between 08:00 and
12:00 a.m. (Fig. 1). All zooplankton samples were preserved
in 4% buffered formaline solution. Both horizontal and verti-
cal samplingwere used in the qualitative evaluation of the data
(Table 1), while only vertical sampling was considered in the
quantitative evaluation. Statistically, only quantitative data
were included in the analyses.

Samples were analysed into groups or species using a
Bogorov counting chamber under a stereomicroscope (10-
100X magnification). Two subsamples from each sample
were taken from a storage bottle with 200 ml volume using
a pipette (2 ml) for the quantitative analysis of zooplankton
number of specimens. References used to identify the zoo-
plankton can be found in previous work (Toklu Alıçlı and

Sarihan 2016). Systematic classifications and nomenclatures
of zooplankton species were made according to World
Register of Marine Species (WoRMS 2020). In addition, tem-
perature, salinity, dissolved oxygen (DO), Chl-a, nitrate+ni-
trite-N, phosphate-P and silicate-Si were obtained from the
work of Balkis et al. (2012) which was carried out synchro-
nously with this study. The average values of each ecological
variable for each station were used in this study.

The biodiversity of the zooplankton community was
analysed using the Pielou’s evenness index (Pielou 1966) for
the equitability of species abundance, Shannon-Weaver diver-
sity index (Shannon and Weaver 1964), and Simpson’s dom-
inance index (Simpson 1949). The relationship between zoo-
plankton diversity and the environmental variables were test-
ed using detrended correspondence analysis (DCA) using
CANOCO v4.0 for Windows (Ter Braak and Smilauer
1998). Before the analysis Kolmogorov-Smirnov test was ap-
plied to determine the normal distribution of the environmen-
tal data (Zar 2010). In the DCA analyses, the length of the
gradients was 2.59 and 2.00 for the first and second axes,
which were shorter than four, indicating that zooplankton di-
versity showed linear variation (Leps and Smilauer 2003)
were suitable for the RDA. The significance of the relation-
ships between the environmental variables and species data
(rare species less than three occurrences were excluded) were
tested using a Monte Carlo permutation test (p < 0.05) with
automatic forward selection for the redundancy analysis
(RDA) (Ter Braak 1986). Spearman’s rank correlation coeffi-
cients (Siegel 1956) were used to detect any correlations
among the ecological variables and zooplankton abundance.
Similarities between sampling stations were measured by
Bray-Curtis similarity indices [log (x + 1)] and Euclidean dis-
tances (normalized) in Primer v6 software (Clarke and
Warwick 2001).

Results

In the Gulf of Bandırma, 24 zooplankton taxa were identified
between 2006 and 2008 at the three sampling stations (Table 1).
During this study, the highest number of zooplankton taxa was
found in the autumn of 2007 (13 taxa) and in summer 2008, the
lowest number was found in winter 2008 (one taxon). The
highest numbers of taxa were obtained from station 2 (St-2)
in the spring and the autumn of 2007 while no taxa were found
in St-2 and station 3 (St-3) in winter 2008.

When the abundance data were evaluated (Fig. 2), the
highest number of individuals was obtained in spring 2008
(St-2, 1717 indm−3) and no individuals was obtained in winter
2008 (St-2, St-3). The dominance of the copepod Acartia
clausi is remarkable in the number of individuals in spring
2008 (1660 ind m−3). In winter 2008 no individuals were
found in St-2 and 3, while only 4 ind m−3 were observed in
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station 1 (St-1). Acartia clausi was observed in all seasons
except for autumn 2006 and summer 2007. No zooplankton
taxa other than A. clausiwere observed in winter 2008. When
the number of individuals was evaluated, we found that
Hydrozoa (Liriope tetraphylla, ~ 84% of total individuals) in
summer 2007, Copepoda (A. clausi, ~ 95% of total individ-
uals) in spring 2008, and Cladocera (Penilia avirostris, ~ 81%
of total individuals) in summer 2008 significantly increased in
all stations (Fig. 2). In addition, some species (Evadne
spinifera, Penilia avirostris, Pleopis polyphmoides,
Centropages typicus, Corycaeus spp. and Oncaea spp.) were
just observed in one season, while some taxa (Corycaeus spp.
in St-1 and Oncaea spp. in St-2) were observed in only one
station (Table 1). Among these species, P. avirostris and
P. polyphmoides which were observed in only one season
and found in all stations, reached remarkable values in terms
of abundance (314–732 ind m−3 in spring 2008, 35–83 ind
m−3 in autumn 2007; respectively).

The Shannon-Weaver diversity index (H′) ranged from
0.00 (winter 2008) to 2.72 (spring 2007), the Pielou’s even-
ness index (J’) from 0.00 (winter 2008) to 1.00 (winter 2007)
and the Simpson dominance index (λ) from 0.18 (spring
2007) to 1.00 (winter 2008) (Fig. 3). The highest dominance
(λ) and the lowest diversity indices (H′ and J’) were obtained
at a sampling station in winter 2008 due to the only recorded
one taxon (Acartia clausi, 4 ind m−3 in St-1). Nine zooplank-
ton taxa found in St-2 in spring 2007 showed a balanced
distribution in terms of the number of individuals, and the H′
increased in this season compared with other periods and sta-
tions. In addition, the dominance index value was the lowest
in this period because the dominance of Pleurobrachia pileus
was below 30%. In the winter of 2007, the index was the
highest (1.00) in St-3 because equal numbers of individuals
were found forParacalanus parvus, Pleurobrachia pileus and
Bivalvia larvae.

In the Gulf of Bandırma, water temperature ranged be-
tween 8.07 and 22.00 °C, salinity between 26.00 and 31.03,
DO between 5.15 and 13.41 mg L−1, Chl-a values between
0.52 and 9.21μg L−1. The amount of nitrate+nitrite-N (NO3 +
NO2-N) ranged between 0.55 and 3.12 μg-at N L−1,
phosphate-P (PO4-P) concentrations between 0.43 and
5.47 μg-at P L−1, amount of silicate-Si between 1.04 and
7.53 μg-at Si L−1 (Table 2; Balkis et al. 2012). Spearman’s
rank-correlation analysis (rs) was performed with biotic and
abiotic environmental factors (Table 3). Accordingly, the
abundance of zooplankton was positively correlated with tem-
perature (p < 0.01) and negatively correlated with salinity and
Chl-a (p < 0.05). Even though we found a positive relation-
ship (p < 0.05) between the number of taxa and abundance,
this trend was not valid for the overall study. Moreover, a
positive relationship (p < 0.05) was detected between J’ and
DO and SiO4-Si.

In the DCA analyses, the length of the gradients was 2.59
and 2.00 for the first and second axes, which were shorter than
4, indicating that zooplankton diversity showed linear variation
and was suitable for the RDA (Leps and Smilauer 2003). In the
RDA, the eigenvalues of the first two axes were λ1 = 0.158 and
λ2 = 0.114 and accounted for 50.5% of the species-environment
relation, indicating a strong taxon-environment correlation
(91.9% and 81.9%). In the Monte Carlo permutation test
(p < 0.05) with automatic forward selection for the redundancy
analysis (RDA) SiO4-Si was omitted with respect to its minor
effect on zooplankton diversity. The arrows of DO, NO3 +
NO2-N and PO4-P were the longest on the RDA diagramwhich
might be evaluated as the most important variable regarding
zooplankton diversity. On the RDA diagram (Fig. 4), axis 1
was positively correlated with Trix, Chl-a, temperature,
NO3 +NO2-N and PO4-P, and was negatively correlated with
DO, Secchi disk depth and salinity. Two axes showed a positive
correlation with only Chl-a, temperature and PO4-P.

Fig. 1 The locations of the
three stations in the Gulf of
Bandırma
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The RDA axes scores distinguished two zooplankton as-
semblages generated by axis 2, including Liriope tetraphylla,
Oithona nana, Paracalanus parvus, Appendicularia and
Trochophora/Veliger larvae (Gastropoda and Bivalvia), and
additional groups with other species. The first group that
was represented by six taxa and related to the three sampling
stations positively correlated with DO, Secchi disk depth and
salinity. The second zooplankton group of 13 taxa was posi-
tively associated with Chl-a, temperature, NO3 + NO2-N,

PO4-P, Trix and Chl-a. Additionally, the ordination analysis
revealed a significant inverse relationship of PO4-P, Trix, tem-
perature and Chl-a with DO, and salinity. According to the
RDA analysis, there was a strong negative association be-
tween O. nana and salinity. Liriope tetraphylla was found to
be positively related to DO and Secchi disk depth.
Temperature, Chl-a, Trix and PO4-P positively correlatedwith
Penilia avirostris while showed negative correlation with
O. nana, P. parvus and Appendicularia. The close relationship

Table 1 Seasonal distribution of zooplankton species in the Gulf of Bandırma between 2006 and 2008

Species Autumn
2006

Winter
2007

Spring
2007

Summer
2007

Autumn
2007

Winter
2008

Spring
2008

Summer
2008

Station Station Station Station Station Station Station Station

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Kingdom: Animalia

Phylum: Arthropoda

Superorder: Cladocera

Evadne spiniferaMüller, 1867 + +

Penilia avirostris Dana, 1852 + + +

Pleopis polyphemoides Leuckart, 1859 + + +

Subclass: Copepoda

Acartia clausi Giesbrecht, 1889 + + + + + + + + + + + + + + +

Calanus euxinus Hulsemann, 1991 + + +

Centropages ponticus Karavaev, 1894 + + + + +

Centropages typicus Krøyer, 1849 + + +

Corycaeus spp. +

Oithona nana Giesbrecht, 1892 + + + + + + + +

Oithona similis Claus, 1863 + + +

Oncaea spp. +

Paracalanus parvus Claus, 1863 + + + + + + + + + + + + + + + + + + +

Phylum: Cnidaria

Class: Hydrozoa

Liriope tetraphylla (Chamisso and Eysenhardt, 1821) + + + + + + + + + +

Phylum: Ctenophora

Order: Cydippida

Pleurobrachia pileusMüller, 1776 + + + + + + + +

Other Groups

Appendicularia + + + + + + + + + + + + + + +

Chaetognatha + +

Decapoda larvae + + + + + + + +

Dipleurula larvae (Echinodermata) + + + + +

Pisces egg + + + + +

Pisces larvae + + +

Cirripedia larvae + +

Polychaete larvae + + +

Bivalvia larvae + + + + + + + +

Gastropoda larvae + + + + + +

Total number of zooplankton taxa in stations 2 4 3 6 9 7 5 10 7 5 4 6 9 10 6 1 0 0 9 9 6 7 8 8
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between summer 2008 sampling season and temperature, Chl-
a, Trix and PO4-P is clearly seen in the RDA diagram. The
results of the Bray-Curtis similarity index, which was applied
to determine the similarity in the number of zooplankton taxa
and their abundances among seasons and stations, are given in
Fig. 5a and b. When the results were evaluated seasonally, the
similarity of the sampling periods was 11.8%, with the excep-
tion of the winter of 2008.

The number of individuals in winter 2008 was 4 ind m−3,
which differed from all other seasons. When the seasons with
5% similarity were evaluated, three different groups and two
different seasons were observed. In two of the groups, con-
secutive seasons formed different groups. The similarity be-
tween autumn 2006 and summer 2007 was 67%, the highest
similarity recorded. In terms of stations, St-1 and St-2 were
87.2% similar, whereas the similarity across all stations was
80.2%. Similarly, when the RDA analysis was taken into con-
sideration, stations had similar distributions, and there was no
significant difference between the stations (Fig. 4).

The dendrogram of the Euclidean distances (ED) used to
determine the similarity of ecological variables is given in
Fig. 5c and d. According to this dendrogram, the similarity of

all seasons (except for winter 2008) was 7.4 ED. While phos-
phate values were higher in summer 2008 than in the other
seasons, silicate and DO values were lower. Because of this,
the summer of 2008 was separated from the other seasons.
When the seasons were evaluated with similarity at 4 ED, two
groups and four different seasons were observed. The similarity
between winter 2007 and autumn 2007 was observed at 2.5
distance. The highest similarity was recorded between these
seasons. When the ED was evaluated in terms of stations, St-
2 and St-3 were similar in 13.2 ED. St-1 was found to be similar
to other stations at a distance of 14.1. According to these results,
there is no clear similarity between the Bray-Curtis similarity
and ED dendrograms (by season or station).

Discussion

The relationship between environmental factors and zooplank-
ton diversity inmarine ecosystems due to their rapid response to
the changes allows us to understand the natural processes that
occur in marine ecosystems caused by such as climate change,
pollution (Chiba et al. 2018). In this study, which deals with the

Fig. 3 Seasonal zooplankton
species diversity (H′), dominance
(λ) and evenness (J′) indices in the
stations in Gulf of Bandırma

Fig. 2 Seasonal variations in the
abundance of zooplankton taxa at
three stations in the Gulf of
Bandırma
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diversity of zooplankton and their relationship with ecological
variables in the Gulf of Bandırma located in the east of the
Kapıdağ Peninsula, a total of 24 zooplankton taxa were deter-
mined. In a previous study conducted by Isinibilir (2010) in the
same gulf, 39 zooplankton species were reported, but a species
list was not presented. In another study (Toklu-Alıçlı et al.
2014) carried out in the Gulf of Erdek, which is located in the
west of the peninsula, 26 taxa were reported of which 17 were
identified on the basis of genus or species and nine on the basis
of group. While all taxa recorded in the present study were also
reported from the Gulf of Erdek, Pseudocalanus elongates
(Brady, 1865), Anomalocera patersonii Templeton, 1837, and
Euterpina acutifrons (Dana, 1847) were not found in the Gulf
of Bandırma. In a review article (Yilmaz and Isinibilir 2016),
129 species of Copepoda have been reported in the Sea of
Marmara from the 1950s to nowadays, nine of which were
detected in this study. The reason why fewer species were
found in our study is that the previous study is a checklist of
Copepoda in the Sea of Marmara. Additionally, Copepoda rep-
resented the majority of the species (9 species) in the Gulf of
Bandırma. Unal et al. (2000) found 111 Copepoda taxa, Benli

et al. (2001) found 30 Copepoda taxa and Toklu-Alıçlı et al.
(2014) found 12 Copepoda taxa in the Sea of Marmara. In
another study (Toklu-Alıçlı et al. 2014) conducted in the south
of the Sea ofMarmara, the highest number of taxa (21 taxa) was
found in the spring of 2008 in the Gulf of Erdek. During the
winter of 2008, in which the mucilage event in the Sea of
Marmara was observed (Balkis et al. 2011; Tüfekci et al.
2010), a single species (Acartia clausi) was found only in St-
1. There were six Cladocera (Yilmaz and Isinibilir 2016), 62
Hydrozoa and four Ctenophora (Isinibilir and Yilmaz 2016)
taxa reported for the Sea of Marmara. In this study, the
Cladocera were represented by three species, while Hydrozoa
and Ctenophora were represented by one species each.

TheMarmara Sea is a very small basin with a connection to
the Mediterranean and Black Sea via the Turkish Straits
System (TSS). In a review article taking into account the
Copepoda diversity in the Mediterranean (Aker 2015), the
presence of 285 taxa in the Adriatic Sea, 24 taxa in the
Ionian and Sicilian-Libyan Region, 319 taxa in the
Levantine Sea and 202 taxa in the Aegean Sea were recorded.
The pelagic ecosystem of the Marmara has some basic

Table 3 Spearman’s rank-correlation matrix (rs) to correlate zooplankton assemblages and environmental variables in the Gulf of Bandırma

Temp Sal DO Chl-a NO3 +NO2-N PO4-P SiO4-Si H′ S N J’

Sal −0.743**

DO −0.336 0.345

Chl-a −0.164 −0.144 −0.382
NO3 +NO2-N 0.055 0.003 0.324 −0.312
PO4-P 0.225 −0.350 −0.258 0.448* 0.303

SiO4-Si −0.055 0.059 0.705** −0.395 0.636** 0.032

H′ 0.122 −0.054 0.211 0.071 0.234 −0.075 0.247

S 0.346 −0.206 −0.294 −0.078 0.314 0.102 −0.122 0.571**

N 0.742** −0.420* −0.067 −0.475* 0.297 0.110 0.130 −0.007 0.405*

J’ −0.036 0.097 0.503* −0.094 0.256 −0.172 0.477* 0.896** 0.298 −0.114
Λ 0.341 −0.105 −0.300 −0.334 −0.018 0.240 −0.158 −0.541** 0.003 0.469* −0.504*

* p < 0.05, ** p < 0.01; Temp: temperature, Sal: salinity, DO: dissolved oxygen, Chl-a: chlorophyll-a, NO3 + NO2-N: nitrate+nitrite-N, PO4-P: ortho-
phosphate, SiO4-Si: silicate, H′: Shannon diversity index, J’: Pielou’s evenness, λ: Simpson dominance index, S: species number, N: zooplankton
abundance

Table 2 Minimum, maximum,
mean and standard deviation
values of environmental
parameters in the Gulf of
Bandırma (Balkis et al. 2012)

Temp
(°C)

Sal DO

(mg L−1)

Chl-a
(μg L−1)

NO2 +NO3-N (μg-at
N L−1)

PO4-P

(μg-at P
L−1)

SiO4-Si

(μg-at Si
L−1)

Min 8.07 26.00 5.15 0.52 0.55 0.43 1.04

Max 22.00 31.03 13.41 9.21 3.12 5.47 7.53

Mean 15.49 28.67 7.86 2.21 1.29 1.59 3.32

(±SD) (±4.13) (±1.49) (±2.32) (±2.37) (±0.64) (±1.22) (±1.72)

Sal: salinity, DO: dissolved oxygen, Chl-a: chlorophyll-a, NO3 + NO2-N: nitrate+nitrite-N, PO4-P: ortho-phos-
phate, SiO4-Si: silicate
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common characteristics with the Northern Aegean Sea be-
cause of the connections through the TSS (Altuğ et al.

2011). Acartia clausi has been reported as an indicator of
pollution in the Bay of Biscay and the Aegean Sea (Uriarte

Fig. 5 Bray-Curtis similarity (a, b) and Euclidean distance (c, d) dendogram of the seasons and stations in the Gulf of Bandırma

Fig. 4 RDA showing the
distribution of stations,
zooplankton assemblages in
relation to the selected
environmental variables in the
Gulf of Bandırma
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and Villate 2005; Sever 2009). Also, Sever (2009) was found
thatA. clausiwas dominant in the spring and winter seasons in
the Aegean Sea. In a study by Najdek (1997) conducted during
mucilage formation in the Adriatic Sea, A. clausi was found to
be the primary dominant Copepoda species. Acartia clausiwas
abundantly observed in the region where the study was con-
ducted by Isinibilir (2010). Likewise, İşinibilir-Okyar et al.
(2015) acquired similar results in the northeastern Sea of
Marmara during the mucilage event in 2008, showing that mu-
cilage formation had a significant effect on zooplankton abun-
dance and community structure. Similarly, in present study,
A. clausiwas the dominant species (1660 ind m−3) in the spring
of 2008, following the mucilage event in the Sea of Marmara.
Acartia clausi was observed in all seasons except for in the
autumn of 2006 and summer of 2007 in the present study.
Similarly, no zooplankton group or species were encountered
except for two copepod species and a meroplankton taxon in
the Gulf of Erdek (Toklu-Alıçlı et al. 2014). These findings
may be related to the mucilage event, which occurred in the
Sea ofMarmara between October 2007 and June 2008, causing
environmental problems which impacted fishery activities as
result of excess nutrient loading into coastal areas.

Paracalanus parvus, which is defined as one of the main
components of coastal zooplankton for the Mediterranean and
Black Sea by Kasapidis et al. 2018, has also been reported in the
Sea of Marmara. This species was found by Tarkan et al. (2005)
in the spring of 2005 and Svetlichny et al. (2006) in October
2005. In this study, P. parvus, was observed in every season
except for winter 2008. Additionally, Corycaeus spp. in autumn
of 2007, Centropages typicus in spring 2008, andOncaea spp. in
autumn 2006 were recorded. Cladocera species Pleopis
polyphemoides (autumn 2007), Evadne spinifera (spring 2008),
and Penilia avirostris (summer 2008) were detected in the gulf.
Appendiculariawere recorded in all seasons throughout the study
except for in the winter of 2008, while Cirripedia larvae were
recorded only in the summer of 2008. Benli et al. (2001) deter-
mined that Centropages typicus were abundant (22%) in winter,
and Öğdül and Ergüven (1992) and Tarkan et al. (2005) never
encountered this species in their study in the Istanbul Strait. In
this study,C. typicus only consisted of 0.09% of the zooplankton
in spring 2008. In addition, Liriope tetraphylla, which was re-
ported as a new record for the Sea of Marmara in 2005 (Isinibilir
et al. 2010), was found in six seasons (autumn 2006, winter
2007, spring 2007, summer 2007, autumn 2007 and summer
2008) in this study.

According to the number of individuals in the stations,
individuals belonging to Cladocera reached the highest levels
during summer 2008 and the maximum number of individuals
were found in St-2. Penilia avirostris (732 ind m−3) was ob-
served to cause this increase. In the first sampling year of this
study, P. avirostris has never been seen (the mucilage may be
a factor). However, in the second sampling year, this species
was found only in summer 2008 and it was dominant (76.5–

87.8% in the stations). This situation may be due to the abun-
dance of organisms that can be fed for grazing after the mu-
cilage event. Also, it is known as a key component of
mesozooplankton in coastal waters during stratification and
important in the marine ecosystem because of its high filtering
capacity and high reproductive rate and make a significant
contribution to the energy and matter cycles (Atienza et al.
2006). When evaluating the studies about P. avirostris in the
Sea of Marmara, Isinibilir (2010) stated that the species was
dominant in summer in the Gulf of Bandırma. Atienza et al.
(2008) found that P. avirostris was abundant (2500–3000 ind
m−3) in summer in the Catalan Sea, whereas İşinibilir-Okyar
et al. (2015) encountered P. avirostris from July to September,
stating that the species is also dominant in September.

The study conducted in the northeastern area of the Sea of
Marmara in January 2004 and December 2007 stateed that
L. tetraphylla bloomed in 2006 and 2007, and therefore, zoo-
plankton abundances were negatively impacted (Yilmaz
2015). In a study conducted in the Gulf of Bandırma,
Isinibilir et al. (2010) encountered L. tetraphylla in October
2006 and March 2007. Yilmaz (2015) stated that
L. tetraphylla was a very abundant taxon in 2006 and 2007
in the Turkish Straits System. The dominant summer–autumn
species P. avirostris disappeared in autumn 2006 and dimin-
ished by approximately 30-fold in 2007 when compared to
years without L. tetraphylla. These results indicate how the
existence of L. tetraphylla negatively affects zooplankton
structure. In this study, L. tetraphylla was observed during
the same years. While the species was observed in every sta-
tion in autumn 2006 and summer 2007, it constituted 84.4%
of the zooplankton in summer 2007.

Statistically, the number of zooplankton individuals was
positively correlated to temperature (p < 0.01) and negatively
correlated to salinity and Chl-a (p < 0.05) in the Gulf of
Bandırma. There are studies indicating that the factor affecting
seasonal changes in zooplankton populations is temperature
(Siokou-Frangou et al. 1998; Villate 1994). According to the
RDA, DO, NO3 + NO2-N and PO4-P related to temperature
showed the longest arrow on the diagram which might be eval-
uated as the main factor affecting the spatial and temporal dis-
tributions of zooplankton in the Gulf of Bandırma. This rela-
tionship network is similar to that which was found in the CCA
analysis of Toklu-Alıçlı et al. (2014). However, Toklu-Alıçlı
et al. (2014) reported that the number of zooplankton individ-
uals was positively correlated with salinity in the Gulf of Erdek.
In addition, they found a negative relationship between the
number of individuals and Chl-a, as in this study. This relation-
ship is explained by the fact that zooplankton graze on small
phytoplankton (Terbiyik Kurt and Polat 2015). In contrast, no
relationship was found between nutrients and the number of
zooplankton species and their abundances. According to the
RDA analysis, there was a strong negative association of Chl-
a with Oithona nana and Paracalanus parvus. Such a
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relationship may be due to O. nana grazing on small phyto-
plankton (heavily on diatoms) (Hafferssas and Seridji 2010).
Liriope tetraphylla was found to be positively related to DO
and Secchi disk depth.

Although the number of species increased inmany seasons,
the number of individuals was low, and in some seasons, even
if the number of species was low, the dominant species in-
creased to high abundances. It must be considered that during
the mucilage event in winter 2008, the number of taxa and
individuals was very low, possibly leading to an incorrect
evaluation. Moreover, due to the resting period and cyst for-
mation in coastal zooplankton, differences between stations,
seasons and years can be encountered (Belmonte and Rubino
2019). Therefore, as emphasized in conservation biology stud-
ies, predominant species (often referred to as “umbrella spe-
cies”), could help protect other species living in the same
ecosystem so that they can exist in the environment with other
species and increase the number of species in the ecosystem
(Weng et al. 2015). The positive relationship (p < 0.05) be-
tween J’ and DO can be explained by the high J’ values in
spring and autumn and the increase in DO during these pe-
riods. There was no significant relationship detected between
silicate and the number of zooplankton species or individuals,
but there was a positive relationship between silicate and J’.

Conclusions

In conclusion, this is a comprehensive study on zooplankton
in the Gulf of Bandırma. Zooplankton species and abundances
were evaluated together with environmental variables, and it
was determined that the factor of temperature had an effect on
zooplankton. Also, chlorophyll-a and salinity influenced the
spatial and temporal distributions of zooplankton in the Gulf
of Bandırma. In addition, Acartia clausi was the dominant
species in the spring 2008, while Penilia avirostris was dom-
inant in the summer 2008. It was observed that the diversity
was higher in the first sampling year of the study and de-
creased due to the effect of mucilage in the second sampling
year. The seasonal succession and distribution of zooplankton
in the marine environment depends on the biotic and abiotic
dynamics resulting in temporal and spatial changes in the
plankton. Long-term monitoring and frequent sampling is
needed to better understand the response of plankton to these
changes. As a result of the study, it can be said that the diver-
sity was higher in the first sampling year, and it decreased due
to the effect of mucilage in the second sampling year in the
Gulf of Bandırma.
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