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Sciences, 01330, Sarigam, Adana, Cladocerans are important member of pelagic ecosystem and they serve as good sources of food for fish and
Turkey fish larvae during the warm periods. The aim of this study was to determine species composition of marine

cladocerans and their temporal and spatial distribution in the surface waters of coastal and offshore waters of
Iskenderun Bay. The study was conducted at the four stations in Iskenderun Bay between November 2005 and
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first time in Iskenderun Bay. With regard to annual abundance of cladoceran species, Evadne spinifera was the

most abundant and followed by P. avirostris and P. tergestina. While the maximum abundance of cladoceran
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Introduction

Having nearly six hundred species, cladocerans are repre-
sented by eight species in marine environments (Onb¢
1999). This group is distributed in nearly all oceans and seas
of the world. Some of its members are distributed widely in
open seas (Gieskes, 1971), while some are densely distrib-
uted in coastal areas (Sherman, 1966), especially in bights
and bays with river inputs (Bosch and Taylor, 1968, 1973).
They have an important role for carnivores which are in the
higher level of food web and, thereby, make a significant
contribution to the energy and matter cycles. Cladocerans
are found less densely in unstratified waters. Their vertical
distribution is limited with surface waters and they are
densely found above 15m (Tregouboff 1963). In addition,
they need proper conditions in near-surface waters in order
to reproduce and spread successfully (Moraitou-Apos-
tolopoulou and Kiortsis 1973). Although they have an im-
portant place in food chain and show significant temporal
changes in the plankton, there are not sufficient studies on
the cladocerans in Turkish seas compared to other plank-
tonic groups (Aker and Ozel 2006; Biiyiikates and Inanmaz
2007; Biiyiikates and Inanmaz 2010, Terbiyik and Polat
2013, 2017). In the previous studies conducted in Iskende-
run Bay, six cladoceran species were recorded (Dénmez
1998; Toklu and Sarthan 2003; Toklu-Aligli and Sarithan
2016; Terbiyik and Polat 2013, 2017). The abundance of
cladocerans increases in spring and summer, and they com-
prise the great majority of zooplanktons in these periods
(Terbiyik Kurt and Polat, 2014). Majority of the studies con-
ducted in the Iskenderun Bay comprised only species com-
position (Toklu and Sarthan 2003; Toklu-Ali¢l and Sarithan
2016). There are few data available regarding the abundance
changes in the species (Terbiyik Kurt and Polat, 2013, 2014,
2017). But these studies conducted in the areas very close to
coast and sampling depth of the stations area changed 5 to
10m. Apart from previously conducted studies, present
study comprise species diversity and relative abundance
data in offshore areas as well as coastal areas of Iskenderun
Bay. The aim is to determine the species composition, dis-
tribution and abundance changes of cladocerans in the sur-
face waters of Iskenderun Bay.

Materials and Methods
Study Area

Iskenderun Bay is formed due to the recession of Eastern
Mediterranean Sea on its northeastern corner into the Ana-
tolia in the direction of southwest-northeast (Figure 1). It is
65 km length, and 35 km width, and has an area of approxi-
mately 2275 km? and an average depth of 70 m, and the
greatest depth which is approximately 100 m is found at the

entrance of the bay (Avsar 1999). The bay is affected much
by bottom currents and winds since the width of the region
where it is connected to the open sea is large (lyiduvar
1986). The largest river which flows into Iskenderun Bay is
the Ceyhan River. Its time-averaged flow rate is 180 m*/sec.
Due to all these factors, the bay has a hydrographically dy-
namic structure.
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Figure 1. Study area and sampling stations
Methods

Samplings were conducted at four stations which were de-
termined from the coast to offshore in Iskenderun Bay sea-
sonally between November 2005 and July 2006 (Figure 1).
Zooplankton samples were collected horizontally at each
station using a WP-2 plankton net with a mouth area of 57
cm and mesh size of 200um. The samples were preserved
in the 4% borax buffered formaldehyde-seawater solution.
At every station, temperature and salinity data were meas-
ured using CTD probe. Sub-samples were taken with
Stempel Pipette depending on the cladoceran density in the
sample. ldentification and counting were performed under
the Olympus SZX16 stereomicroscope. The identification
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of cladoceran species was realized according to Onbeé
(1999). Cladoceran abundance was calculated on the basis
of individual number per mé,

Results and Discussion

Seawater temperature and salinity were measured in the sur-
face layer and the values were shown in Figure 2. Tempera-
ture showed significant temporal changes during the study.
The lowest temperature values were recorded at near coastal
stations (stations 1 and 2) in February-06 (15.7°C) and the
highest at offshore station (station 4) in August-06 (30.8°C).
Salinity values were partially homogeneous and signifi-
cantly lower values were measured at all stations only in
November-05 compared to the other months (station 1, 35.5
psu). These lower values were due to the rainy weather dur-
ing the sampling period. On the other hand, the highest value
was measured in February-06 (station 1, 38.7 psu).

In the study area, six cladoceran species which belong to
five genera were recorded. These were P. avirostris, E.spi-
nifera, P. tergestina, E. nordmanni, P. polyphemoides and
P. intermedius. Among recorded species, E. spinifera was
the dominant species in terms of abundance and followed by
P. avirostris and P. tergestina, respectively. These three
species comprised nearly 98% of cladoceran abundance
(Figure 3). When temporal changes of the species was eval-
uated, P. avirostris were observed in all sampling times and
E. spinifera and P. tergestina in February-06, May-06 and
August-06, and P. intermedius in May-06 and August-06.
On the other hand, E. nordmanni and P. polyphemoides
were found only in February-06. Considering species abun-
dance, E. spinifera was dominant in February-06 and May-
06 while P. tergestina was dominant in August-06 (Figure
4).
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Figure 2. Changes in the surface temperature and salinity values during the sampling periods
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Figure 3. Proportion of the annual mean abundance of cladoceran species
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Total cladoceran abundance showed temporal and spatial
variations during the study. The lowest (0.006 ind. m™) and
the highest (47.93 ind. m™®) cladoceran abundance was ob-
served at the offshore station (station, 4) in November-05
and in May-06, respectively (Figure 5). In May-06, higher
abundance values were also observed at nearcoastal station
(station 1). Especially in August-06 and May-06, significant
differences were observed between stations in term of
abundance (Figure 5).

Regarding the spatial distribution of cladoceran, there was
no notable nearcoastal offshore difference. P. intermedius,
P. polyphemoides and E. nordmanni were observed rarely
in the study area. However, E. spinifera, P. avirostris and P.
tergestina were the species that mainly affected cladoceran
abundance and reached the highest abundance in May-06
(Figure 6). Cladocerans are densely found in the hyponeus-
tonic layer and even over 30 cm depth (Moraitou-Apos-
tolopoulou and Kiortsis 1973). P. avirostris, E. spinifera and
P. tergestina are typical warm-water species (Onb¢ 1999;
Marazzo and Valentin 2000). P. avirostris is a eurohaline
and neritic species that mostly prefers low salinity waters
(Moraitou-Apostolopoulou and Kiortsis 1973, Lakkis,

Original Article/Full Paper

2011). In our study, this species was observed during the
whole sampling period. P. tergestina has a higher tempera-
ture range compared to E. spinifera among cladoceran spe-
cies recorded in this study, (Kiortis and Moraitou-Apos-
topoulou 1975) and is found proportionately more densely
than E. spinifera in August-06 when temperature was high-
est. On the other hand, E. nordmanni is known to be a cold-
water species which is seen rarely in the months with lower
temperatures (Onbe et al. 1996) and was observed only in
February-06 when temperature was lowest, which is con-
sistent with its ecology. There are contradictory reports
about temporal distribution of P. polyphemoides. Onbé
(1999) and Della Croce and Venugopal (1972) defined this
is as a warm-water species. On the other hand, Biiylikates
and Inanmaz (2007) stated that this species showed negative
correlation with temperature. In addition, Kiortis and Mo-
raitou-Apostopoulou (1975) reported that its distribution
was limited with January-March. This species was recorded
in spring (cold period) and summer (warmer period) in
Iskenderun Bay by Terbiyik Kurt and Polat (2014). In pre-
sent study, we similarly observed it in February-06 when the
temperature is lower.
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Figure 4. Availability of cladoceran species in percentage in the months when the study was conducted
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Figure 5. Monthly and spatial changes in the total abundance values of cladocerans
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Figure 6. Monthly and spatial changes in the abundance values of cladoceran species
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The abundance of cladocerans is much lower in surface area
of Iskenderun Bay when compared to other studies con-
ducted in the same area (Terbiyik Kurt and Polat, 2013,
2014, 2017). However, it should be taken into account that
different sampling methods were used in these studies.
Morever, cladocerans were collected by vertical tows and
conducted in the area close to coast in these studies
(Terbiyik Kurt and Polat, 2013, 2014, 2017).

In our study, we observed fluctuations in the distribution of
cladocerans. The effect of temperature on cladocerans is a
well-known phenomenon. However, besides temperature,
the availability of food is remarkably important on the dis-
tribution. Although the temperature in May was lower than
August, cladocerans were more abundant, which might be
related to the amount of available food or the reproduction
period of cladocerans as well as the hydrography of the en-
vironment where they were observed. Indeed, it is known
that the highest chlorophyll-a concentration was observed in
Iskenderun Bay in May (Polat and Terbiyik, 2014). Besides
seasonal changes, the changes at the stations might be due
to land based inputs, mainly arising from the flow of Ceyhan
River and circulation dynamics in the bay. Iskenderun Bay
has a hydrographically dynamic structure. On the other
hand, the region is remarkably affected by terrestrial pollu-
tants leading from agricultural activities, industrial and do-
mestic wastes. The variable conditions in the bay which is
caused by such factors is also affect distribution and abun-
dance characteristics of the organisms.

Several studies on cladocerans were conducted in previous
years in the region. Dénmez (1998) observed cladocerans
only in summer and spring, while Terbi1yik and Polat (2013)
observed them in all seasons except November and reported
the existence of four species which were P. avirostris, E.
spinifera, P. tergestina and Podon intermedius. Toklu Alight
and Sarthan (2016) encountered cladoceran species in all
seasons except winter and reported the existence of four spe-
cies which were P. avirostris, E. spinifera, P. tergestina and
Pleopis polyphemoides. Moreover, recently, Pleopis
schmackeri was recorded in iskenderun Bay by Terbiyik
Kurt and Polat (2017). In the present study, E. nordmanni
was firstly observed in February 2006 and the number of the
cladoceran species in Iskenderun Bay raised to seven. The
species showed distribution in Western Mediterranean Sea
(Sampaio de Souza et al. 2011; Fernandez de Puelles et al.
2003) and various parts of Eastern Mediterranean Sea
(Kiortis and Moraitou-Apostopoulou 1975; Siokou Frangou
1996; Brautovic 2001). This species is also distributed in
Turkish coastal waters of the Black Sea (Demir 1955), Mar-
mara Sea (Demir 1955; Biiyiikates and Inanmaz 2007) and
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Aegean Sea (Aker and Ozel 2006; Tarkan 2000). It is
thought that the species had not been recorded before due to
the scarcity or more local studies conducted in Iskenderun
Bay and the rare presence of the species.

Conclusions

In this study, the abundance changes, composition and dis-
tribution of cladocerans which is a important group in pe-
lagic ecosystems were analyzed in surface waters of Isken-
derun Bay. The results of this study showed that there were
clear seasonal changes in the distribution and abundance of
cladocera species of the Iskenderun Bay. The findings of
this study might serve as a reference for future studies. In
this respect, studies to be conducted in wider areas with
more frequent sampling periods will be beneficial to deter-
mine changes in cladoceran population.
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