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Abstract

In this study, a total of 37 freshwater ostracod species were collected from 47 stations between 31 August 2010 and 23
June 2011. Among them, three species (Eucypris kerkyrensis, Cypridopsis elongata, Bradleystrandesia parva) were new
records for the Ostracoda fauna of Turkey. Bisexual populations of three species (llyocypris inermis, Trajancypris serrata and
Psychrodromus olivaceus) were repeatedly occurred from Anatolia.

Spearman Rank Correlation analyses illustrated a significant correlation for the four most abundant species (Condona
neglecta, Heterocypris salina, Eucypris lilljeborgi and Potamocypris villosa) with electrical conductivity while temperature
did not show a significant effect on species occurrence. Five species (Pseudocandona albicans, llyocypris gibba, Heterocypris
incongruens, Heterocypris rotundata and Eucypris virens) did not have any significant correlation to those variables used
here, but correlation was significant between Potamocypris villosa and three variables (pH, electrical conductivity and
salinity). According to Environmental Tolerance Index (ETI), most species with high ETI values were widespread species.
Such species with high tolerance and widespread (or cosmopolitan) distribution were named as “cosmoecious species”

Keywords: Anatolia, freshwater, taxonomy, ecology, biodiversity.
Tiirkiye’nin Tathsu Ostrakotlari (Crustacea)’na Katki: Dagilim ve Ekolojik Notlar

Ozet

Bu ¢aligmada, 31 Agustos 2010 ile 23 Haziran 2011 tarihleri arasinda 47 istasyondan toplam 37 tatlisu ostrakot tiirii
toplanmigtir. Bunlardan ¢ tiir (Eucypris kerkyrensis, Cypridopsis elongata, Bradleystrandesia parva) Tiirkiye ostrakot
faunas1 igin yeni kayittir. Ug tiiriin (llyocypris inermis, Trajancypris serrata ve Psychrodromus olivaceus) eseysel
popiilasyonuna ise Tiirkiye’de tekrar rastlanilmustir.

Spearman Rank Correlation analizi, en sik rastlanilan dort tiir (Condona neglecta, Heterocypris salina, Eucypris
lilljeborgi ve Potamocypris villosa) ile elektriksel iletkenlik arasinda anlamli bir korelasyon gosterirken, sicaklik ile bu
tiirlerin rastlanilmasi arasinda hi¢ bir anlamli iliski gostermemektedir. Cevresel degiskenler ile hi¢ bir korelasyon gostermemis
olan bes tiir bulunmaktadir (Pseudocandona albicans, Ilyocypris gibba, Heterocypris incongruens, Heterocypris rotundata ve
Eucypris virens). Ancak Potamocypris villosa tiirii ii¢ degisken (pH, elektriksel iletkenlik ve tuzluluk) ile gii¢lii bir iligki
gdstermistir. Cevresel Tolerans Indeks (ETI) degerlerine bakildiginda, genis dagilima sahip olan (kozmopolit) ¢ogu tiiriin aym
zamanda yiliksek ETI degerine de sahip oldugu goriilmektedir. Bu gibi toleransi yiiksek ve genis dagilimli tiirlere
“cosmoecious species” denilmektedir.

Anahtar Kelimeler: Anadolu, tatlisu, taksonomi, ekoloji, biyogesitlilik.

Introduction disappeared almost and only head region is separated
completely from other parts (thorax and abdomen).
Ostracods are tiny, fewer more than 3 mm Ostracods are ubiquitous aquatic animals with

crustaceans enclosed into two-valve calcified environment-specific characteristics (De Deckker and

carapace, having well developed pare of first and  Forester, 1988; Mezquita et al., 2001). Because of
second antennae, as well 6 paired appendages around ~their specific ecological preferences, they may show
the body. The body ends in a long appendage called limited spatial and temporal distribution. For
uropodal ramus. The segmentation of the body is  €xample, despite the water currents and immigrant
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birds in the estuaries, which can have important
effects on transportation of species, there is no
evidence of species-mixing in freshwater and
brackishwater ostracods of estuaries (Yozzo, 1994).
Moreover, adult individuals of stenochronal ostracods
are found in specific seasons and months while
eurychronal species can be found all year round.
Additionally, having a chitinous carapace and leaving
fossils in the sediment elevates the usage of ostracods
to understand the past historical aquatic conditions
(De Deckker and Forester, 1988).

Anatolia is located in Palearctic zoogeographic
zone and plays important role as a bridge between
Europe and Asia where it has high species diversity in
variety of habitats. Therefore, studying biodiversity of
this area is very important for understanding species
distribution and their ecological characteristics.
Indeed, such habitat diversity along with historical
background can provide different opportunities for
organisms where survival chances can be increased
with changing modes of reproduction (e.g.,
parthenogenetic, sexual forms). Gilen (1985a)
underlined such diversity in species or population
with different reproductive modes. Accordingly,
species with different reproductive modes may also
require unique ecological conditions and habitat
preferences (Kiilkoyliioglu et al., 2012a).

In Turkey works on freshwater Ostracoda was
started by Daday (1903), Schéfer (1952) and
Hartmann (1964). After them, Giilen and his
colleagues continued faunistic studies on ostracods in
various regions of Anatolia. Limnoecological studies
on ostracods via new perspective and methods have
been achieved by Kiilkéyliioglu and his team.

The aim of this paper was to contribute
knowledge on the ecology and distribution of non-
marine ostracods in various habitats of Turkey.

Materials and Methods
Sampling and Species Determination

Field work was carried out from 31 August 2010
to 23 June 2011. Sampling was randomly done from

47 stations. The stations include a variety of aquatic
environments, such as permanent pool, road-side
temporary waters, swamp, marsh, spring, lake, trough
and paddy field located in the 13 provinces of Turkey.
(Figure 1).

Samples were taken by hand-net (80um mesh
size) and kept in the jars (330 cc) then fixed in 4%
formalin. Samples were washed with tap water in
vitro conditions and filtered through standard-sized
sieves (2, 1, 0.5 and 0.3 mm mesh size). Individuals
were separated from other materials and reserved in
70% ethylalcohol. Species were identified based on
morphological characteristics of the soft parts and
carapace structure. Specimens were mounted in
Glycerin to make permanent slides. Although not
limited, following references were used Bronshtein
(1947), Meisch (2000) and Karanovic (2012) for
species identification.

Physicochemical variables such as salinity,
electrical ~conductivity and temperature were
measured by using YSI 30 SCT meter when the
values of dissolved oxygen, oxygen saturation were
taken by WTW 330 oxygen meter and pH by WTW
330 pH meter (Table 1).

Statistical Methods

Statistical analysis were done with 10 species
encountered in five or more sites. Since data were
discrete, Spearman Rank Correlation was used to
determine the probable correlation between 5
environmental variables (temperature, electrical
conductivity, salinity, pH and altitude) and abundance
of 10 species by SPSS15.

Ecological tolerance (tg) and optimum (uy)
values were calculated by C2 software (Juggins,
2003).

Environmental Tolerance Index (ETI) was
estimated from the following formula:

ETI=‘1,/‘4

where a= variation range of a variable at stations
where X species was found; A= variation range of a
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Figure 1. Spotted stations on the map.
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Table 1. Data about 47 stations

Code Location Type Name Coordinate T pH EC S DO S% Al Species
Stl Afyon Pool ;;Z Z(S)V,Ig 19.00 8.46 1050 1.50 NA NA 860 Ev, Hi
st2 Denizli Trough ;; ‘;‘(‘)g 1100 756 1230 100 NA NA 991 Pe
- - 37°43'N
St3 Denizli Lake Beylerli 29° 30'E 23.30 8.82 680 1.00 NA NA 857 Cp, Hr, Hs
- . 37°47'N .
St4 Denizli Lake Ac1 Gol 29° 44'F 15.00 8.10 10050 50.00 NA NA 841 El, Hi, Hs
St5 Burdur Spring ;;0 2;}; 15.80 8.95 690 0.30 NA NA 915 Hs, Hh
37°25'N -
St6 Burdur Lake Karatag 20° 58'E 1400 8.76 520  0.20 NA NA 1054 CP, Hi, Hr
38°04'N Cn, Co, Ib, Im,
St7 Afyon Lake  Karakuyu 30° 16E 14.00 7.92 360 0.10 NA NA 1010 Po, Pz
o 38°03'N
St8 Isparta Lake Egirdir 30° 50F 2220 8.70 350 0.20 NA NA 922 Ff, Pa, Cp,lg, Hr
38°28'N Cn, lg, Im, Ev,
St9 Afyon Marsh Armutlu 30° 44'F 1850 7.20 300 0.10 NA NA 1398 Hr, Hs
38°24'N
St10 Afyon Lake Karamik 30° 43'E 1330 8.46 470 0.10 NA NA 1083 Ig
38°41'N
St11 Afyon Lake Eber 31°0S'E 1940 877 2260 150 NA NA 967 Cp, Im
38°19'N
St12 Konya Lake  Cavusgu  Jlosip 2560 790 340 010 NA NA 1024 Pa, Cv
37°31'N Cn, Cp, Ev, Sf,
St13 Konya Pool 31°48'F 19.50 8.10 300 0.10 NA NA 1123 Ce. Pv
- 37°44'N
Stl4 Konya Spring 320 09'E 18.80 7.70 150 0.00 NA NA 1412  Cn,lg, El, Pv
Tempor 37°50"N lg, Cp, El, Hi,
St15 Konya ary 320 43'F 15.90 7.90 1940  2.00 NA NA 1002 Hr. Hb
Tempor 38°30'N lg, Ev, El, Ek,
St16 Konya ary 320 54'F 2520 9.15 1820 1.70 NA NA 942 Hi. Hr, Hs
st17 Ankara  TEMPOT aiaren S LN 1400 880 1330 150 NA  NA 1057 Hr, Hb
ary 32°54'E
. . 39°20'N . .
St18 Kirgehir Spring 33939 19.20 8.30 710 0.20 NA NA 1133 li, Ek, Ko, Hi
. 39° 11'N Cp, Tc, Hi, Hr,
St19 Kirgehir Pool 34°20'E 16.70  7.60 450 0.20 NA NA 1139 Cv
- Sultan 38°19'N
St20 Kayseri Swamp Sazlig 35°19'F 20.70 7.10 50 0.00 NA NA 1073 Cn, Ff, Co
st21 Kayseri Lake  Sobe 52N 1900 890 5200 330 NA NA 1075 CM b Im Ko,
35° 16 Hs
- Tempor 38°05'N
St22 Diyarbakir ary 40° 07'E 2590 7.34 280 0.10 NA NA 753 Cp, Ic, Sf, Pv
L 38°28'N -
St23 Bitlis Pool 42°97E 2150 8.70 460 0.20 NA NA 1648 Pa, Cp, Hi
< Tempor 39°33'N Cp, Ts, Tc,
St24 Agri ary 43° SA'E 15,50 8.30 520 0.20 NA NA 1723 Hi Pu. Pv
< Tempor 39°33'N .
St25 Agr ary 43° 50'F 1510 990 8920 6.00 NA NA 1721 Hi
< . 39°40'N
St26 Agr1 Lake Sazli Gol 44° 03'E 16.00 9.30 2760  2.50 NA NA 1524 El, Hr
< Tempor 39°39'N
St27 Agri ary 44° 06'E 15.30 9.47 1790 1.50 NA NA 1523 Ev
- g 39°36'N Cp, Ev, El, Ts,
St28 Agri Lake Golyiizii 44° 0S'E 16.30 8.10 1340 1.40 NA NA 1520 Hr, Hb
. 39°40'N
St29 Balikesir Trough 270 05'E 1820 7.50 286 020 1040 113 395 Ps, Pv
. 39°41'N .
St30 Balikesir Trough 279 03'E 2320 747 286 010 610 75 612 Hi, Hr
. 39°41'N
St31 Balikesir Trough 19.70 7.60 147 010 980 116 736 Ps, Pv

27°09'E
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Table 1. Continued

Code Location Type Name Coordinate T pH EC S DO S% Al Species
St32  Balkesit  Trough ;3 ‘;ég 1460 783 78 000 870 93 653 Cn, Po
39° 43N
St33  Canakkale  Trough Teln 1530 69 92 010 870 92 462 Ps, Pv
39° 56N
St34  Canakkale  Trough Yeoon 1840 752 782 040 1140 125 231 Hr, Hs
39° 57N _
St35  Canakkale  Trough DolN 2060 752 668 040 1710 192 208 Hi Hs,Pv
39° 58N
St36  Canakkale  Trough Seoyn 2250 802 1071 060 930 125 198 Hr, Hs
39° 58N
St37  Canakkale  Trough Yooon 1990 752 878 050 820 92 119 Hs
. 40° 00N .
St38  Balkesit  Trough W00F 2320 730 641 030 880 104 110 Ho, HiPg
St30  Balkesir  Trough ggi ggg 2420 843 498 020 920 108 114 Hi
. 39°51'N
St40 Canakkale Running 279 14F 16.00 7.97 291 020 6.00 62 285 Po
. 39°51'N
St4l  Canakkale  Running elgn 990 810 360 020 690 62 285 Pa, Ib
. 39° 51N Cn, Pa, Ff, Ib, P,
St42  Canakkale  Running Yolpn 1260 808 208 020 1040 99 285 o b
St43  Balikesir  Running ggi ggg 1300 785 18 010 750 74 75 Cn, Po
. 39° 53N
St44 Canakkale Lake  Gumiigler 279 22'F 950 8.85 335 0.20 2210 193 219 Ev
. . 40° 1IN Hi, Hr, Hs,
St45  Balkesit  Running ye3p 1820 811 370 020 860 o4 66 o dETR
. Rice 40° 1IN
St46 Bailkesir field 27931'E 2160 7.75 657 0.30 5.90 67 66 Hr, Hsp.,Ssp, Bp
St47  Balikesit  Running ;‘;Z ;ig 1320 775 270 020 540 53 14 I

Abbreviations: Temperature [T (°C)], pH, Electrical Conductivity [EC (uS.cm™)], Salinity [S (ppt)], Dissolved Oxygen [DO (mg.L %],
Oxygen Saturation [%S], Altitude [Alt (m)], Not Available data [NA], Candona neglecta [Cn], Fabaeformiscandona fabaeformis [Ff],
Pseudocandona eremita [Pe], P. albicans [Pa], Cypria ophtalmica [Co], Ilyocypris gibba [lg], I. monstrifica [Im], I. bradyi [Ib], I. inermis
[1i], Cypris pubera [Cp], Eucypris virens [Ev], E. kerkyrensis [EK], E. lilljeborgi [El], Koencypris ornata [Ko], Prionocypris zenkeri [Pz],
Trajancypris serrata [Ts], T. clavata [Tc], Bradleystrandesia parva [Bp], Herpetocypris chevreuxi [Hc], H. helenae [Hh], H. intermedia
[Ht], Psychrodromus olivaceus [Po], P. fontinalis [Pf], Stenocypria fischeri [Sf], Stenocypris sp. [Ssp.], Heterocypris incongruens [Hi], H.
rotundata [Hr], H. Barbara [Hb], H. salina [Hs], Hemicypris sp. [Hsp.], Isocypris beauchampi [Ic], Cypridopsis vidua [Cv], C. elongata
[Ce], Potamocypris variegata [Pg], P. unicaudata [Pu], P. smaragdina [Ps], P. villosa [Pv].

variable at all stations. The values of this index
vary between 0 and 1. Values closer to 1 indicate that
the species have higher adaptation to that certain
variable and vice versa (Curry, 1999). Ecological
tolerance, optimum and ETI values of 10 species were
calculated about 4  environmental variables
(temperature, electrical conductivity, pH and altitude).

Results
Sampling

A total of 37 species [Candona neglecta Sars,
1887, Fabaeformiscandona fabaeformis (Fischer,
1851), Pseudocandona eremita (Vejdovsky, 1882), P.
albicans (Brady, 1864), Cypria ophtalmica (Jurine,
1820), |Ilyocypris gibba (Ramdohr, 1808), I.
monstrifica (Norman, 1862), I. bradyi Sars, 1890, I.
inermis Kaufmann, 1900, Cypris pubera O.F. Miiller,

1776, Eucypris virens (Jurine, 1820), E. kerkyrensis
Stephanides, 1937, E. lilljeborgi (G.W. Miiller, 1900),
Koencypris ornata (O.F. Miiller, 1776), Prionocypris
zenkeri (Cheyzer and Toth, 1858), Trajancypris
serrata (G.W. Miiller, 1900), T. clavata (Baird,
1838), Bradleystrandesia parva Hartmann, 1964,
Herpetocypris chevreuxi (Sars, 1896), H. helenae
G.W. Miiler, 1908, H. intermedia Kaufmann, 1900,
Psychrodromus olivaceus (Brady and Norman, 1889),
P. fontinalis (Wolf, 1920), Stenocypria fischeri
(Lilljeborg, 1883), Stenocypris sp., Heterocypris
incongruens  (Ramdohr, 1808), H. rotundata
(Bronshtein, 1928), H. barbara (Gauthier and Brehm,
1928), H. salina (Brady, 1868), Hemicypris sp.,
Isocypris beauchampi (Paris, 1920), Cypridopsis
vidua (O.F. Miiller, 1776), C. elongata (Kaufmann,
1900), Potamocypris variegata (Brady and Norman,
1889), P. unicaudata Schifer, 1943, P. smaragdina
(Vavra, 1891), P. villosa (Jurine, 1820)] belonging to
the superfamily Cypridoidea were found from 47
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stations. Of which, three species (E. kerkyrensis, C.
elongata and B. parva) were new records for the
freshwater ostracod fauna of Turkey. Bisexual
populations of three species (T. serrata, P. olivaceus
and I. inermis) were also recorded for the second time
from Anatolia.

Statistical Results

In average, 3 species per station was found when
station 16 had the highest numbers of species (7 spp.).
Among the species, H. rotundata with about 40% of
frequency was the most encountered species. In
contrast, P. eremita, H. helenae, H. intermedia, H.
chevreuxi, P. zenkeri, P. fontinalis, C. elongata, P.
unicaudata, P. variegata, I. beauchampi and B. parva
with one time occurrence had the lowest frequency
(2.12%).

Four common species [P. villosa (r = -0.426, P =
0.004), C. neglecta (r = -0.408, P = 0.007), H. salina
(r=0.376, P=0.013) and E. lilljeborgi (r = 0.306, P =
0.046)] displayed significant correlation to electrical
conductivity.  When P. villosa and C. neglecta
showed a strong (P<0.01) negative correlation, the
other two species (H. salina and E. lilljeborgi)
showed strong (P<0.05) positive correlation (Table 2).

Candona neglecta had a negative correlation
with salinity (r = -0.440, P = 0.003) which was the
most powerful correlation compared with other
species such as H. salina (r = 0.366, P = 0.016), P.
villosa (r = -0.338, P = 0.027) and E. lilljeborgi (r =
0.336, P = 0.026).

Potamocypris villosa (r = -0.381, P = 0.012)
showed negative correlation with pH while C. pubera
was the only species showing a significant correlation
to altitude (r = 0.390, P = 0.010). There are no other
species found in a meaningful relationship to
temperature.

Table 3 shows optimum,tolerance and
ETI values for 10 most abundant species. High ETI

values were mostly estimated for cosmopolitan
species. In addition, having tolerance values more/less
than average reveals that species were able to tolerate
changes in wide/narrow ranges of fluctuations.
Furthermore, scores related to the optimal column
show suitable conditions for the relevant species.

Discussion

In addition to the new records for Turkey, there
are also some species found for the first time from
their encountered regions. For example, St4 is located
in vicinity of Lake “Aci Gol” (Afyon - Turkey).
Altmsacgli and Mezquita (2008) have already reported
13 ostracods from this lake. Two species (H. salina
and H. incongruens) reported in the present study
were common but E. lilljeborgi was the new record
for this lake.

The ostracod population of Lake Egridir were
previously investigated by Ozulug et al. (2001) and
Altmsa¢li (2001). lyocypris gibba and C. pubera
were 2 common species between these and the present
study. However, F. fabaeformis, P. albicans and H.
rotundata were the new species for the lake area.

Isocypris beauchampi, S. fischeri and C. pubera
have previously been reported from Diyarbakir region
by some studies (Margaritora, 1977; Giilen et al.,
1996; Akdemir and  Kiilkoyliioglu, 2011;
Kiilkoyliioglu et al., 2012b). During this study, we
reported P.villosa the addition species to the fauna of
this area (St22). In Turkey, K. ornata has been
reported only one time so far (Ustaoglu et al., 2003).
It was found from a shallow lake situated on the
Northwest of Izmir (Sazligdl) between February and
May. We recorded this species from 2 stations. One of
them is Akoren Lake, a shallow temporary lake (St17)
and the second one is Sobe Lake (St21) both on May.
Now, it seems that the distribution area of this
stenochronal species expanded through Turkey.

The exact systematical position of P. eremita is

Table 2. Spearman Rank Correlation between species and five environmental variables

Cn Pa Hi Hr Hs Cp Pv Ev El Ig
Correlation Coefficient -0.198  0.026 0.160 0.196 0.225 0.158 0.116  -0.095 -0.109 0.065
T  Sig. (2-tailed) 0.202 0.870 0.306 0.208 0.146 0.312 0.460 0543 0.487 0.679
N 43 43 43 43 43 43 43 43 43 43
Correlation Coefficient -0.224  0.094 0.106 0.087 0.028 0.110 -0.381™ 0.184 0.135 0.039
pH Sig. (2-tailed) 0.148 0.547 0.500 0.578 0.857 0.481 0.012 0.236 0.388 0.805
N 43 43 43 43 43 43 43 43 43 43
Correlation Coefficient -0.408¢7 -0.202 0.297 0.289 0.376" 0.088 -0.426(™ 0.048 0.306" -0.001
Ec Sig. (2-tailed) 0.007 0.193 0.053 0.060 0.013 0.573 0.004 0.758 0.046  .997
N 43 43 43 43 43 43 43 43 43 43
Correlation Coefficient -0.440C7)  -0.145 0.290 0.293 0.366¢) 0.056 -0.363™ 0.090 0.338" -0.071
S Sig. (2-tailed) 0.003 0.353 0.059 0.056 0.016 0.722 0.017 0565 0.027 .649
N 43 43 43 43 43 43 43 43 43 43
Correlation Coefficient 0.146 0.026 0.062 -0.012 -0.229 0.390C  0.026  0.199 0.213 0.246
Alt Sig. (2-tailed)0 0.350 0.866 0.691 0.941 0.140 0.010 0.870 0.201 0.170 .111
N 43 43 43 43 43 43 43 43 43 43

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Abbreviations: Correlation Coefficient (r), Significancy (P) and Number of examined samples (N). Others have been given in Table 1
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Table 3. Optimum (uk), Tolerance (tk) and ETI values of 10 species along with numbers of occurrences (Count)

T pH EC Alt

Code  Count  Max — = r " 4 ETl e ETI Uk % ETI
Cn 9 52 1655 308 049 7.82 057 060 97859 178022 052 907.68 42642 0.8
Pa 5 56 1820 526 096 845 030 026 36203 5195 001 830.18 489.06 0.80
Iy 6 229 2356 374 072 897 041 065 1662.80 46144 018 0967.18 8057 028
Cp 11 9161 1606 1.88 072 825 024 049 65867 349.60 020 163500 21769 0.57
Ev 50  17.65 295 096 800 059 076 841.08 55621 0.5 127145 34053 0.76
El 503 2016 4.63 077 849 0.62 053 193232 76853 026 991.00 11052 0.72
Hi 14 3760 2115 342 068 834 1.03 087 2399.10 3297.33 0.86 861.87 72509 0.97
Hr 15 715 2146 311 068 812 067 070 77867 87801 025 550.99 49252 0.85
Hs 11 2242 2038 136 062 7.96 074 065 197173 199631 050 444.75 399.06 0.779
Pv 8 6960 1912 125 065 7.93 036 046 27634 8370 005 1012 10.31.93 0.89
Mean 1853 306 072 823 055 0.60 102233 96279 030 94001 364.60 0.74
Maxi 2356 526 096 897 1.03 0.87 3297.33 348585 0.86 163500 72509 0.7
Min 1012 125 049 7.82 024 026 51.95 50.67 001 44475 8057 028
sD. 378 131 014 034 023 017 74429 103231 026 33610 20439 0.19

Abbreviations have been given in Table 1.

somewhat doubtful, Martens and Savatenalinton
(2011) used the oldest systematic and put it in the
genus Pseudocandona Kaufmann, 1900. However,
Karanovic (2012) replaced it into the genus
Typhlocypris  Vejdovsky, 1882. Giilen (1985b)
reported this species from a water supply reservoir
(Bentler, Istanbul) as the first occurrence from
Turkey. Altinsagh and Griffiths (2002) stated that P.
eremita normally is found from ground waters. In the
present study it was reported from a trough at 991 m
a.s.l. in Denizli

So far, 41 bisexual populations of various
ostracod species have been reported from Turkey.
(Giilen, 1985a; Kiilkdyliioglu et al., 2012a; Sar et al.,
2012). Among them, males of I. inermis were found
from five different slow running water at Bolu and
Erzincan provinces (Turkey) in summer 2006 by Sar1
et al. (2012). During the present study, we collected
bisexual population of I. inermis (1643 and 629) from
input water of a small pool in Kirsehir Province
(St18). It is now contributed that distribution area of
this species’ bisexual populations is probably much
broader than previously known. Giilen et al. (1994)
described males of T. serrata for the first time from
Turkey. They found only one male accompanied by 2
female individuals from Lake Ercek (Van, Turkey).
We were able to collect bisexual individuals of this
species (1873 and 1589) from littoral zone of Lake
Golyiizii (St28) in Agr1 Province. Since these two
regions, where bisexual populations of T. serrata
were found, are geographically close in distance, this
may imply its limited geographical distribution is in
eastern parts of Turkey. Similarly, former reports of
the bisexual populations of P. olivaceus from Turkey
include Lake Karamik in Afyon (Giilen, 1985a), Lake
Sapanca in Sakarya (Altinsagl, 1997) and three
springs around the Lake Aladag in Bolu
(Kiilkdylioglu and Yilmaz, 2006). In the present

study, we collected both males and females (323 and
58%9) from the littoral zone (depth<50 cm) of Lake
Karakuyu in Afyon. Such new findings of some
bisexual populations in Turkey may be important in
terms of understanding their distribution and
ecological preferences. In such a case, ecological
similarities of particular habitats from which species
were reported can be taken into consideration. For
example, these studies mentioned above have at least
two common information that they are all shallow and
relatively cool habitats. Due to lack of knowledge on
ecology, the conclusion cannot be generalized at the
moment.

Correlations, optimum, tolerance and ETI values
indicated that various species have a specific optimal
level and a tolerable range for different variables. For
example, the highest abundance of P. villosa in
habitats with low electrical conductivity showed its
tendency for living in freshwater conditions. These
results can reveal that this taxon is not well adapted to
a wide variations of electrical conductivity (low ETI).

Candona neglecta is a cosmopolitan species
tolerating anaerobic conditions in low-oxygenated
waters (Diigel et al., 2008). In addition, Karakag Sari
and Kiilkdylioglu (2008) explained a negative
correlation between the occurrence of this bisexual
Candonid species and dissolved oxygen. Roca and
Baltanas (1993) encountered this species in cold water
bodies of Spain. Bronshtein (1947) introduced
C. neglecta as a stenothermal ostracod species. In
contrary point, Kiilkdyliioglu and Sar1 (2011)
proposed that this cosmopolitan ostracod can tolerate
a wide range of temperature values. According to the
findings of this study, the optimal temperature for this
species is low (ux = 16.55°C) and the tolerance is
relatively moderate (t« = 3.08). This eurychronal
ostracod is able to live in a wide range of pH
(Kilkoylioglu, 2005; Kiilkoyliioglu et al., 2010).
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Estimated pH optimum and tolerance (ux= 7.82, tx=
0.57) of present study prove that this species prefers
alkaline environments.

Pseudocandona albicans inhabits stagnant or
slow-flowing water bodies (Henderson, 1990).
Meisch (2000) remarked that this mesohalophilic
ostracod can tolerate salinity ranges up to 5.5 ppt.
Despite the findings of Kiilkdyliioglu et al. (2010) in
the Lake Siinnet (Bolu-Turkey), our estimated ETI
(0.96), optimum (18.20°C) and tolerance value (5.26)
about temperature were higher than those of studies.
The results of present study for the optimum values of
pH (uk = 8.45), temperature (ux = 18.20°C) and
electrical conductivity (ux = 362.03 uS.cm™) were
closer to the findings of Mezquita et al. (1996) in
Spain. Having a high pH optimum value, low
tolerance to the changes of this variable (tx = 0.30)
and lower pH-ETI value (0.26) indicate being a
probable resident of alkaline (7.9 - 8.7) environments.

Ilyocypris gibba is a widespread summer form
ostracod preferring springs, rivers, streams, ditches,
canals and rice fields, scarcely dwelling in temporary
waters (Meisch, 2000). Although, it is a good
swimmer, it prefers environments with muddy or
sandy bottom (Klie, 1938; Bronshtein, 1947).
According to the results of this study, this species
may have a strong tendency to live in warm water
(uk=23.56°C), and can tolerate the variation of this
factor in a relatively wide range (tk=3.74). Indeed,
our findings partially confirmed the claim of
Hartmann and  Hiller  (1977) about the
polythermophilic feature of this taxon. It was found
from stations within range of 150-1940 pS.cm™
electrical conductivity. Hence, these findings do not
reflect any adaptation to the variations of electrical
conductivity (ETI1=0.18 and tk=461.44). However, it
prefers an environment with high electrical
conductivity (uk=1662.80 pS.cm™). During this
research the individuals of I. gibba were occurred in a
narrow altitude interval (922-1412 m).

Cypris pubera is an oligohalophilic ostracod
species and an active swimmer that it can be found
from slow-flowing streams, paddy fields and fish
ponds (Meisch, 2000; Altinsagh and Griffiths, 2001).
Mezquita et al. (1999a) assumed that C. pubera was a
stenochronal species occurring in certain seasons.
Similarly, Altinsa¢li and Mezquita (2008) reported
this species from Acigél (Afyon - Turkey) only
during spring season. In spite of its preference to live
in relatively cold waters (u=16.06°C) it, however,
observed in warm waters (St37, T=25.9°C, this
study). Cypris pubera has a limited ability to tolerate
pH changes (tx=0.24). The estimated optimum value
about electrical conductivity (ux= 658.67 pS.cm™) for
this ostracod is low and tolerance (tx=349.60) and ETI
(0.20) values showed that this species may not adapt
sudden changes of electrical conductivity. So, these
results enhance the oligohalophilic attribute of C.
pubera. According to the correlation results (Table,
2), distribution of C. pubera is in related with altitude.

Additionally, this ostracod with a low tolerance
(217.69) prefers high altitudes (ux= 1635 m).

Eucypris virens was another frequently
occurring species. It is most likely called cosmocieus
species due to its cosmopolitan distribution and
relatively high tolerance ranges to different
environmental ~ variables.  Both  sexual and
parthenogenetic populations (sympatric coexistence)
were reported from the aquatic bodies of Spain and
Poland with wide ecological tolerance (Martins et al.,
2009). According to the findings of Mezquita et al.
(1999a, b) a wide range of salinity and electrical
conductivity can be tolerated by this species.
However, our statistics showed a weak tolerance (tk=
556.21) and low ETI value (0.15) for the electrical
conductivity. Delorme (1991) proposed that this
species can be found in waters with pH more than 9.
We found this species from an alkaline (pH=9.47)
temporary water body. The species also showed
relatively higher ETI value for temperature (0.96), pH
(0.76) and altitude (0.76) than the means of all
species. The lack of potent correlation between this
species and various environmental variables support
the cosmocieus trait of this species.

Eucypris lilljeborgi is one of the rare species of
this genus and therefore its biological characteristics
are poorly known. It is however known that this
species normally inhabits meadowlands and is a
stenochronal spring form (Klie, 1938). In the present
study individuals were collected from running waters,
temporary waters and from littoral zone of lakes with
temperature between 12.6-25.2°C. Therefore, high
adaptation for temperature (0.77) can be probable for
this species when it generally prefers relatively warm
waters  (u=20.16°C) and can resist against
temperature fluctuations (tx=6.31). According to
Table 2, there are meaningful and positive
correlations between the abundance of E. lilljeborgi
and two environmental factors, salinity and electrical
conductivity.

Heterocypris incongruens’ various types enable
to produce resistant eggs to desiccated period of its
habitats (Rossi et al., 2011). Due to this ability, they
usually inhabit the floor of troughs, small ponds and
other temporary freshwater environments (Henderson,
1990). We found some populations of this species
from some temporary waters, troughs and waters
located proximity of two Lakes (Aci1 Gol and Karatag)
connected with lakes’ water. Benzie (1984) in his
observation done in a pool in Ghana remarked that
diurnal migrations of this species (bisexual
population) was in result of reductions in oxygen
concentration, however, Green (1959) proposed that
H. incongruens showed a great tolerance to oxygen
depletion. Meisch (2000) described this ostracod as an
indicator of pollution in freshwater habitats. As a
result, widespread distribution of this species can be
due to a high ETI and tolerance against the changes of
various environmental variables.

Some studies revealed the predatory and
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cannibalistic behavior of H. incogruens (Gray et al.,
2010; Ottonello and Romano, 2011; Rossi et al.,
2011). They showed that this species is able to
consume frog eggs, tadpoles, larvae of dragonflies,
chironomids, ostracods and even other individuals of
their population.

Heterocypris rotundata lives in the littoral zone
of lakes and small pools. This halophilic ostracod
(Bronshtein, 1947) is able to resist a gradual increase
in salinity (Meisch, 2000). In present study although
some populations of this species were found from
habitats with low electrical conductivity, some others
were found from habitats with electrical conductivity
around 2760 pS.cm® (St26). Therefore, individual
numbers of this species were not correlated with this
variable. Calculated ETI value about altitude (0.86)
was high and shows the high ability of this species to
live in various altitudes. Thus, there was no
statistically important relationship between altitude
and occurrence of this species. In terms of pH, H.
rotundata is capable to tolerate the variations in a
wide range (tx=0.67). We found H. rotundata often
from alkaline waters with pH ranging from 7.20 to
9.30.

Heterocypris salina is a diurnally active
ostracoda  which individuals were inactively
accumulated near the surface of water during the dark
periods (Ganning, 1967). Klie (1938) indicated that
Heterocypris salina is an oligohaline and mesohaline
ostracod, implying its abundance from inland salty
and brackish waters. According to the findings of the
present study, meaningful, positive correlation
between abundance and electrical conductivity and
salinity of habitats reveal the tendency of this species
to live abundantly in habitats with high levels of
salinity. This is also visible among the results of
Table 3 which estimated optimum value for electrical
conductivity is high (uk = 1971.73 uS.cm). In the
meantime, the wide tolerance for electrical
conductivity (tk=1996.31) proves being a Euryhaline
species. Then, occurrence of this species from a
running water with 0.2 ppt (st45) as well from a salty
lake with 50 ppt of salinity (st4) is not surprising due
to the fact of its euryhaline feature. Ganning (1971)
also found a population of this species from a
eutrophic salty habitat. Potamocypris villosa prefers
clear and well oxygenated waters. The individuals
have relatively high resistance against freezing,
drying and eutrophication (Bronshtein, 1947).
Kiilkdyliioglu and Sar1 (2011) in Bolu (Turkey)
estimated a high optimum value for pH that our
results consistent with their results. P. villosa adapted
to live in different altitudes (ET1=0.89).The estimated
optimal electrical conductivity and also toleration to
the changes of this factor of this species are low
(u=276.34, 1%=83.70). Thus, being a negative and
potent relationship between this variable and the
number of encountered individuals could be a logical
result.

In conclusion, although a large number of

cosmopolitan species can tolerate variations of many
environmental factors in broad range, nevertheless,
sometimes they show a dependency on some
variables. It seems that the distribution and abundance
of species can also be dependent on some other biotic
factors such as predation and competition that we did
not focused on them here. We suggest that further
studies including biotic and abiotic factors can be
done in the variety of habitats. This is what Ganning
(1976) remarked.
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