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ABSTRACT:The aim of this study was to determine the ecology of the Ostracoda species in the sediments

collected from the Erdek Bay and to observe the relationship between ecological parameters with the number of

Ostracoda species and individual numbers. Sediment and water samples have been collected seasonally from 8

stations of the study area from six different depths (0.3; 1; 5; 10; 20; 30 m). Ecological features (temperature,

salinity, dissolved oxygen, mud percentage, total organic carbon, and total calcium carbonate) of 92 Ostracoda

species were obtained. The abundance of recent Ostracoda species and their distributional situation according to

seasonal environmental factors were evaluated. The highest number of Ostracoda species and individuals were

observed between 10-30 m deep stations with the highest salinity and muddy sediments. Loxoconcha rhomboidea

and Xestoleberis margaritea species showed a wide distribution in different ecological environments in the

research area. Also species and individual numbers of Ostracoda showed a positive correlation with ecological

parameters except temperature and dissolved oxygen.
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INTRODUCTION

Ostracods are small, calcerous bivalved and poorly
segmented entomostracan Crusteceans (Griffiths and
Evans, 1991). They can be find a variety of aquatic habi-
tats from hot springs to very cold waters, lakes lagoons
and deep sea sediments. Ostracods have been sug-
gested to be important biological indicators of water
quality changes (Delorme 1991; Zarikian et al., 2000,
Kiilkyliio lu et al., 2012). So it is essential to under-
stand the ecology of individual ostracod species and
interspecific variation in habitat preferences. We car-
ried out four seasonal field campaigns to determine the
ecology of ostracods in Erdek bay that located in the
west of Kapidag peninsula in the Marmara Sea. The
present oceanography of the Marmara Sea is controlled
by a permanent two-layer water stratification with a ha-
locline at a depth of 20-25 m The less saline Black Sea
water (18 %) flow"s as the upper layer from the Istanbul
Strait to the 'anakkale Strait, whereas saline Mediterra-
nean waters (38 %) flow as the lower layer in the oppo-
site direction (-nliiata et al., 1990, Meri¢ and Algan,
2007). Because of its location, Marmara Sea enclosed

*Corresponding author E-mail: ferdapacal@gmail.com

brackish water together with marine water. So this is
effective on the faunal variaitions in the Marmara Sea
and also Erdek Bay.

The Erdek Bay is dominated by fishing and agri-
cultural activities, and particularly tourism. In addition,
it is observed that the region is affected by terrigenous,
natural, and anthropogenic organic substance sources.
Also Gnen and Karabiga rivers play an important role
in the transport of both natural terrigenous and an-
thropogenic carbon in the Erdek bay (Balkis and
Cagatay, 2001; Aliyev and Sari, 2005). This bay is semi-
isolated sedimentary environments, and it is known
that the riverine input into this bay is very high (Algan
etal.,2004).

The aims of this study are to provide a detailed
faunal inventory with the ecology of recent ostracods
from Erdek Bay (Marmara Sea, Turkey) and investi-
gate their distributional patterns in relation to seasonal
environmental factors. It means that this study has an
important place in the observing of seasonal ecologi-
cal variations and their relationship with Ostracoda
fauna and other sea creatures.
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MATERIAL & METHODS

The samples employed in this study were collected
using the Van Veen grab and handle net (200 um) on 32
occasions across eight stations in Erdek Bay (Fig. 1)
during four seasonal periods between 2006 and 2007
(November 2006, February 2007, May 2007, August
2007). The Van Veen grab was used at depths of 5-30 m
Coordinates of the stations were obtained using a
Garmin 60Cx/60CSx model GPSMAP (Fig. 1).

Materials were placed in a 1% formaldehyde solu-
tion treated with 1% hydrogen peroxide for a period of
24 hours. The mud and detritus were washed away under
pressurized water through sieves with mesh sizes of 1
mm, 250-160um, and 80 pm. The washed material was
preserved in 70 % ethanol. 20 cm3 of Ostracoda-featur-
ing sediment per station was examined under a stere-
omicroscope. Generic and specific features of carapace
and soft parts were examined for species identification.
Studies conducted by Mordukhai and Boltovskoi (1969),
Barbeito- Gonzales (1971), Hartmann and Puri, (1974),
Bonaduce et al., (1975), Breman (1975), Athersuch
(1977), Yassini (1979) and Stambolidis (1985) were used
to identify the Ostracoda species found.

Ecological parameters like temperature, salinity, dis-
solved oxygen, mud, total organic carbon, and calcium
carbonate percentage in the research area were deter-
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mined. Temperature was measured by thermometer on
the watersampler, salinity by the Mohr-Knudsen
method (Ivanoff, 1972), and dissolved oxygen by the
Winkler method (Winkler, 1888).

Total calcium carbonate contents were determined
using a gasometric-volumetric method (Loring and
Rantala 1992). Total organic carbon (TOC) was ana-
lyzed using the Walkey-Blake method, which involves
titration after a wet combustion of the samples (Gaudette
et al., 1974; Loring and Rantala, 1992). Mud percent-
ages of the sediments were defined according to Folk
(1974).

The abundance of Ostracoda species was calcu-
lated by the formula F = Nax100/Nn., where F is the
abundance of the species, Na is the sample number
containing the species, and Nn is the total sample. Spe-
cies were separated according to their abundance: cur-
rently sporadic species (1-20 %), rare species (21-40
%), common species (41-60 %), abundant species (61-
80 %), and very abundant species (81-100 %) (Kocatas,
1996; Balkis, 2009).

The relationship between ecological variations and
the Ostracoda species and their individual numbers was
obtained using Spearman's rank correlation matrix
(Siegel, 1956).
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Fig.1. Locations of the study area
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RESULTS & DISCUSSION

The ecology of 92 Ostracoda species belonging to
18 families with 39 genera from Erdek Bay was analyzed
seasonally. Systematic list of these Ostracoda species
was printed by Per¢in-Pacal and Balkis (2012).

The number of Ostracoda species was at its high-
est in the fall eventhough individual numbers was the
lowest and species number was lowest in the spring
also individual numbers was the highest in this season
(fall: 69 species; 2886 individuals, winter: 56 species;
5034 individuals, spring: 47 species; 7070 individuals,
summer 51 species; 4986 individuals). The highest in-
dividual numbers were observed from Cytheridea
neapolitana (3878); Pterigocythereis jonesii (2243);
Costa punctatissima (2139); Hiltermannicythere rubra
(1350); Loxoconcha rhomboidea (1177); Carinocythereis
carinata (1169) during all seasons (Table 1).

The highest individual number has observed from
Costa edwardsii in fall (385 individuals). Cytheridea
neapolitana has the highest individuals in other sea-
sons ( 821 in winter; 1526 in spring; 1151 in summer)
(Fig.2).

L. rhomboidea was observed as very abundant spe-
cies during fall and winter seasons (81-100 % Table 1).
H. rubra, L. agilis, P. jonesii, X. communis, C.carinata
and X. margaritea were observed as abundant species
during fall (61-80 %, Table 1). X. margariea was also
abundant during winter and summer seasons either. A.
convexa was observed as a abundant species in winter
(Table 1).

L. rhomboidea A. convexa, C. carinata, L. agilis, P.
jonesii, H.rubra, X. communis and X. margaritea have
shown high diversity than other species. Because this
species observed different stations with different sea-
sons. Also we can say these species had adapted well
to this study area (Table 1).

Ecological parameters have shown variations dur-
ing four seasonal periods (Table 2) Temperature was
the highest in summer (27°C) at station 1 (with 6
species and 31 individuals) and station 2 (with 2 spe-
cies and 5 individuals) also the lowest in Winter (8.9°C)
at station 1 (with 3 species and 30 individuals).

Measurements of the water salinity was the high-
est in winter (37.3 %o) at station 8 (with 34 species and
3210 individuals) also the lowest in spring (21.9 %o) at
station 2 ( with 3 species and 3 individuals). Accord-
ing to dissolved oxygen measurements, it was the high-
est in summer (13.26 ml/1) at station 2 (with 2 species
and 5 individuals) also the lowest in spring (4.03ml/1) at
station 8 (with 22 species and 5328 individuals).

We determined the highest total organic carbon
amount in spring (1.93 %) at station 8 ( with 22 species

and 5328 individuals) also the lowest in summer ( 0.07
%) at stations 2 ( with 2 species and 5 individuals) and
station 3 (with 5 species and 16 individuals) from the
sediment analyzes.

The highest total organic carbon amount of the
sediment was observed in winter ( 82.02 %) at station 6
(with 16 species and 125 individuals), also the lowest
again in winter (0.39 %) at station 2 (with 1 species and
3 individuals).

The mud percentage of the sediment was the low-
est at station 3 in 0.3m depth. The species numbers and
the individual numbers were also very low in this sta-
tion in during four seasonal periods. The highest mud
percentage was observed at station 8 from 30m depth.
At the same time the species numbers and individual
numbers were very highest in all seasons.

According to spearman's rank correlation species
and individual numbers of ostracoda have shown posi-
tive correlation with ecological parameters except dis-
solved oxygen and temperature (Table 3).

The relationship with dissolved oxygen was nega-
tive with species number and individual number. And
there was no relationship observed with temperature
(Table 3).

We worked between depths of 0.30 m and 30 m,
sampling on 32 occasions across eight stations in Erdek
Bay (Fig. 1) during four seasonal periods as because of
expanded seasonal hydrographical differences occur
at a depth of about 40 m in the Sea of Marmara (BeSiktepe
etal., 1993; Algan etal., 2004).

Water temperature differs depending on to seasons
and depths in the Erdek Bay. There was no correlation
between temperature, species numbers, and individual
numbers according to Spearman's rank correlation (Table
3). This is because of observation the wide differences
in seasonal temperatures, low species numbers, and in-
dividual number at the coastal stations. Breman (1975)
also could not find a direct relationship between the dis-
tribution of Ostracoda species and temperature.

Salinity is an effective factor both the species di-
versity and the abundance of Ostracoda. (Holmes, 2001;
Lietal.,2010). Possitive correlation was observed be-
tween species and individual numbers and salinity, ac-
cording to Spearman's rank correlation (P<0.01) (Table
3) in this study. Similarly Simith and Horne (2002) also
noted that salinity has an important effect on the diver-
sity of Ostracoda species, and that there is a positive
correlation between Ostracoda populations and salin-
ity.

According to Ellis and Westfall (1946), although
oxygen concentrations do have a connection to other
factors necessary for survival, because aquatic organ-
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The Ecology of Ostracoda Species

Table 2 .Seasonal and ecological parameters of the stations with total species and individual numbers

Depths  Temperotwre  Salimity Do roec TIoC Mud Visibiity Species  Individual
() Fo) (e (ml D ) %) Perceniage i) Numbers  Numbers
(]
5tl
Nov. 2006 14.1 268 1083 0.7 816 Vizible B 35
Fab. 2007 0.30 D 278 E61 012 805 056 Vizible 3 30
May 2007 218 21 D44 030 1237 Vizible 5 10
Avg. 2007 n 123 1014 21 520 Vizible § 31
St2
Nov. 2006 14.1 255 10.7% 041 0.74 Vizible 7 40
Feb, 2007 o7 27 Q0% 043 03 032 Vizible 1 3
May 2007 0.30 218 219 1030 034 1.77 Vizible 3 3
ﬂ;- 007 27 236 1326 007 1.11 Visible 2 5
5t3
HNov, 20068 14.5 265 1035 034 082 Visible 3 10
Feb, 2007 o9 278 B84 0.18 046 029 Visible 5 13
My 2007 0.30 183 23 8.02 0353 27 Visible 2 3
ﬂ. 2007 25 128 297 0.07 550 Visible 5 14
St4
Nov. 2006 14.2 26 9.50 0.72 386 Vinble 22 72
Feb. 2007 1 10.6 273 £.00 0352 147 404 Visble 5 8
May 2007 183 3 7.82 043 353 Vinble 2 2
iul.m.‘- 24.5 235 8.17 0.14 148 Vinble 3 ]
St
Hov, X046 13.2 26.7 8.57 102 9.6l Visible 20 150
Fab. 2007 5 87 276 B.44 018 4561 15.82 Viible 17 116
May 2007 17.¢ s L] 6.65 081 &8.08 Vaible 3 | 228
Auvg. X007 24 232 5.38 070 5932 WV mible e 278
Sté
Nov, X006 13.4 268 £37 157 4538 Vizibla 20 278
Fab. 2007 10 -] 276 783 054 8202 37.24 Visible 16 125
May 2007 173 118 6.29 0ee  TT.04 8 15 235
Aug. 2007 pE] 235 71.75 186 50.08 2 15 228
St7
Heow. 2006 145 sl 726 078 3529 10 i | 144
Feb. 2007 20 109 pasiy 7.80 048 61.36 47.07 13 13 1522
May 2007 14 26.1 623 122 7421 8 26 1261
| Aue. 2007 17 347 7.34 056 23.73 10 26 503
S5tE
Now. 2006 15.1 37 T2 175 17.50 13 33 2157
Fab. 2007 30 14.7 373 540 121 12338 21.02 13 34 3210
May 2007 15.5 342 403 183 Te5 ] 2 5328
| Aug. 2007 16.5 355 6.30 126 1854 2 20 3920

Table 3. Spearman's rank correlation matrix (rs) correlating Ostracoda assemblages and environmental
variables in the study area
(TOC: Total Organic Carbon; TCC: Total Calcium Carbonate)

Temperature  Salinity  Dissolved oxygsn Depth MMud percentaze TaC TZZ  Epeciss num Individoz] num
Temperatmge 1
Zalinity 050 1
Dissolved oxyesn ns 04587 1
Diepth ns 05857 0878 1
Mud percentazs ns 05657 0840 0976~ 1
TOC 03 03 0,624 0,704 05917 1
oS ns iH] 06307 06427 0566 04727 1
Species number ns 05467 -0.548™ 0836 08327 06827 0619 1
Individual number hiH] 05787 -0,7347 08627 08637 07307 06637 02247 1

¥ P01, "P<0,03, ns=not sisificant
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isms can survive with low dissolved oxygen concen-
trations, dissolved oxygen alone does not have an im-
pact on live creatures in an aquatic ecosystem. Also
Delorme (1991) pointed out high number of Ostracod
species can tolerate low dissolved oxygen concentra-
tions. Negative correlation was observed between dis-
solved oxygen with species number and individual
number according to Spearman's rank correlation in our
study (P <0.01) (Table 3). Species numbers and indi-
vidual numbers were high even in the lowest dissolved
oxygen concentration levels at the deeper stations, not
because of dissolved oxygen concentration but because
of high detritus deposits.

In this study, mud percentage has a positive corre-
lation to species numbers and individual numbers ac-
cording to Spearman's rank correlation (P<0.01) (Table
3).Benson and Maddocks (1964), Puri (1966), Breman
(1975), Montenegro et al., (1998), and Coimbra et al.,
(1999) had observed a positive correlation between mud
percentage with species and individual numbers also
pointed out that the grade of the sediment was one of
the important factors in population intensity and distri-
bution of Ostracoda.

The relationship between total organic carbon and
total calcium carbonate with species and individual
numbers is positive, according to Spearman's rank cor-
relation (P<0.01) (Table 3). Elakkiya, (2012) determined
a positive relation between organic matter content with
ostracod fauna and also with fines of the substrate. The
abundance of ostracod fauna is directly proportional
to depth and inversely proportional to grain size.
Ostracoda abundance was high in the depth station
with high mud percentages in Erdek bay St 7 (20m) and
St 8 (30m). The individual number and species number
of Oscracoda species are positively correlated with
depth and mud percentage (Table 3 P<0.01). The tex-
tural characteristics of the bottom sediment are impor-
tant factors controlling the distribution and density of
ostracods (Machado, et al. 2005). Similarly Elakkiya
(2012) had observed positive correlation between
Ostracoda fauna with fine sediments and depth. Ac-
cording to Whatley etal. (1995) and Ramos et al. (1999)
the absence and lowest number of species in shallower
samples, closer to the coast as the because of the in-
stability of the bottom substrates due to wave action.

CONCLUSIONS

In conclusion we observed the diversity of
Ostracoda species were mostly affected by the depth,
salinity and mud percentage in Erdek Bay. Because the
highest number of Ostracoda species and individual
numbers were observed between 10-30m deep stations
(St-6, St-7, St-8) with high salinity and muddy sedi-
ment. At the same time we determined the distributional

patterns of the Ostracoda species in relation to sea-
sonal environmental and ecological factors. This study
has an importance in that it is the first to research the
effect of seasonal ecological parameters on Ostracoda
species and their statistical considerations in Erdek Bay.
Consequently, this study will be able to be used as a
reference for following studies concerning the identifi-
cation of future ecological problems and differences in
Ostracoda fauna in the Sea of Marmara, which suffers
from a high level of pollution.
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