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Total of 26, 22 and 32 sites in Konya, Antalya and West Mediterranean basins in Turkey, re-
spectively, were sampled twice during 2017 to compare the non-marine ostracod diversity.
A total of 1787 individuals belonging to 31 species were recorded from all basins. Of which,
nine species are common among basins when Fabaeformiscandona fragilis is new for Turkey.
High species diversity was found at middle elevational intervals. The highest and low-
est Shannon diversity index values were recorded for both Konya (H =2.19) and Antalya
(H=1.90) basins, respectively. The highest beta diversities values are encountered between
closed the Konya and other open basins. Species and environmental variables composition
among basins and elevational intervals showed significant differences (p <0.05, ANOSIM).
Of species, cosmopolitans (e.g., Candona neglecta, Ilyocypris bradyi, Psychrodromus olivaceus)
provide an important contribution to the differences in diversities among basins and el-
evational intervals. According to Canonical Correspondence Analysis, elevation appeared
to be the common influential variables in all basins. Results suggest that alpha diversity is
under the control of local and regional factors when beta diversity is primarily affected by
regional factor. Although cosmopolitan species are positive indicators, they seem to make
a significant contribution to alpha and beta diversities of ostracods.
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INTRODUCTION

Non-marine ecosystems are altered by natural (e.g., the climatic changes,
geologic factors) and anthropogenic activities. Of which, human-mediated de-
teriorations are irreversible influences on the characteristics of freshwater (or
non-marine) habitats by sediment loading, organic pollution, toxic contami-
nants, habitat fragmentation, flow regulation (especially by dam construction),
and introducing of non-indigenous species (Ricciarp1 & Rasmussen 1999, Son-
DERGAARD & JEPPESEN 2007, STRAYER & Dupceon 2010). Such influences on wa-
ter bodies indicate a requirement of water management for long-term ecologi-
cal sustainability. In order to deal with such problems and provide possible
solutions caused by human activities, European Water Framework Directive
has introduced water management policy for all of the European countries for
the chemical and ecological quality of freshwaters in the year of 2000. Eco-
logical quality is evaluated according to biological, hydro-morphological and
physico-chemical composition of water bodies. Biological quality includes the
composition and abundance of benthic invertebrates, fish and flora. In this
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protection policy, geographical and hydrological units are used instead of
administrative or political boundaries targeting to protect water as a single
system like a river basin (EurorEAN CommissioN 2018). A river or lake basin is
an entire geographical area that is drained by a river and its tributaries. There-
fore, the species diversity (or richness) in the different aquatic habitats in the
river catchment or basin has a crucial role for the conservation of biodiversity
(ENGEN et al. 2008) and for the development of management to conserve status
of aquatic systems. Besides to the conservation importance of diversity, such
knowledge can improve our understanding on the evolutionary and ecological
succession of species in different types of habitats (WnrrTaker 1972, HiLr 1973,
Giss et al. 2013, KGLKOYLUOGLU et al. 2017a).

The number of species per unit area is indicated as the species diver-
sity or richness while biological diversity includes functional group diversity,
number of trophic levels and species abundance (Brown et al. 2007). Species
diversity is measured as gamma () diversity (regional diversity) that is com-
posed of alpha (a, local diversity) and beta (3, changes in species diversity
from one site/region to next) diversities (WaITTAKER 1972). While regional
diversity is represented by various habitats and conditions, local diversity
includes one habitat (e.g., lake, creek). Therefore, regional and local species
pools can be defined as the subset of y and «a diversities, respectively (PARTEL
et al. 1996). Some species in regional species pool may not be encountered in
the local species pool as a result of dispersal limitation but this limitation has
little effect on the presence of a species in local species pool to being in another
site (BRown et al. 2007). Along with dispersal limitation, biotic and abiotic
factors can alter the species composition between local sites or regional sites
(ZosEL et al. 1998). Thereby, B diversity depends on the dispersal ability and
ecological tolerances of species.

Ostracods are tiny (0.3-5 mm long) bivalved benthic invertebrates. They
show wide distributions in a variety of marine and non-marine habitats
(ME1scH 2000). Active and/or passive dispersal abilities of species contribute
to their wide geographical distribution in the world (McKenzie & Moron1
1986, RobriGuEZ-LAzARO & Ruiz-MuNoz 2012, VaLts et al. 2016). They display
quick response to environmental changes because of a short reproductive cy-
cle (DELorME 1991) that allows them to be used as bio-indicator species to
evaluate habitat conditions of different aquatic bodies (KLkdyLtoGLU 2013).
Their carapaces with low magnesium calcites are easily fossilized in the sedi-
ments that is why they are to be found as fossil forms in rock formations since
Early Ordovician (ca. 485 million years old) (WiLLiaMS et al. 2008). Therefore,
ostracods are widely applied in recent marine and non-marine environmental
research and also for stratigraphic and palaeoecological purposes (RobriGUEZ-
Lazaro & Ruiz-MuRoz 2012). In this sense, the distributional pattern and eco-
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logical information of ostracod species have vital roles to make better and
strong inferences about the recent and past status of aquatic bodies.

Until now, 145 non-marine ostracod species have been known from Tur-
key (KULkOYLUOGLU et al. 2015, KELKOYLUOGLU et al. in review, YAVUZATMACA
et al. 2017b). However, this number is believed to be underestimated and the
richness is far above it (KiLkOyLUOGLU pers. comm.). The existing studies
on the recent non-marine ostracods in Turkey are so far based on ostracod
species diversity, distribution, abundance and ecology in a region (or prov-
ince, includes many habitats) or in a single habitat (includes monthly and/or
seasonal samplings) (e.g., AkpEMIR 2008, AKDEMIR et al. 2016, ALTINSACLI &
Mezqurta 2008, KiLkOYLUoGLU 2004, KGLKOYLUOGLU et al. 2013, KULKOYLUOGLU
et al. 2012a, 2012b, Ozurud 2011, Ucaxk et al. 2014, Yavuzatmaca et al. 2017a).
On the other hand, a few studies have included samplings from more than
one region or provinces (e.g., ALTINSAGLI 2004, GULEN 1985, KULKOYLUOGLU
et al. 2017b, ¢, Rasouw et al. 2014). Although 25 large water basins are present
in Turkey (TrmEU 2017-2023), there is no comparative study dealing with the
diversity and ecology of ostracods among the basins. GiLEN and ALTINSAGLI
(1999) is the only basin-related ostracod study in Turkey but only the ostracod
fauna of Sakarya River basin was given. This present situation is pinpoint
the importance of the current study in terms of comparing ostracod diversity
among three river basins for the first time in Turkey. The main aim of the
study is to compare species diversity and ecological preferences of ostraco-
ds in Konya, Antalya, and West-Mediterranean river basins in Turkey. Also,
a classification of the lotic and lentic habitats due to the elevation has been
used by The Water Management Directorate Department of Turkish Republic
Ministry of Agriculture and Forestry. In this classification, three elevational
intervals like 0-800, 800-1600 and >1600 m a.s.l. have been used. The effect of
elevation on ostracods is an ongoing discussion in the literature (e.g., Guo et
al. 2013, KULkOYLUOGLU et al. 20124, 2012b, KULKOYLUOGLU ef al. 2016, LAPRIDA
et al. 2006, MEzquita et al. 1999, Piert ef al. 2009, YavuzaT™MAcA et al. 2018).
Therefore, comparison of dis/similarity values for species and/or environ-
mental variables among the elevational intervals mentioned above is one of
the important point of this study.

MATERIAL AND METHODS

Study sites

Konya basin. According to the natural topography, Konya basin does not drain its
waters into the sea. Similar topography is rare and known in a few areas in the world, such
as that Great Basin area in Nevada. The importance of such basins is that the water is born
and lost in the area within which it can only be used by the organism inhabiting the area.
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In terms of Konya basin, it is the only known closed basin in the Central Anatolia Region
of Turkey. The basin has about 49805 km? of surface area including nine provinces (85% of
Aksaray, 73% of Konya, 60% of Karaman, 31% of Nigde, 14% of Isparta, 12% of Nevsehir,
7% of Ankara, 2% of Mersin and 2% of Antalya) covering ca 7% of Turkey (TrRmrwMm 2016,
TrMmEU 2017-2023).

Antalya basin. Antalya basin is present in the Mediterranean region of Turkey and its
waters are discharged into the Mediterranean Sea. The surface area of the basin is ca. 20331
km? consisting about 3% of the surface area of Turkey. The basin is one of the richest re-
gions of Turkey in terms of water resources (TrRmrwwMm 2016). It harbors 52% of Antalya, 30%
of Isparta and 18% of Burdur provinces within its boundaries (TRmEU 2017-2023).

West Mediterranean basin. The basin covering about 3.1 % of the Turkey with about
21223 km? of surface area is located in the West Mediterranean region of Anatolia and its
water is released into the Mediterranean and Aegean Seas (TrRmrwMm 2016). This includes
five provinces (80% of Mugla, 33% of Antalya, 21.8% of Denizli, 21.1% of Burdur and 0.3%
of Aydin provinces) (Trmeu 2017-2023).

Samplings

A total of 26 (11 lakes and 15 creeks), 22 (5 lakes and 17 creeks) and 32 (13 lakes and
19 creeks) aquatic sites of natural lakes and creeks were sampled twice during August and
October of 2017 in Konya, Antalya and West Mediterranean basins in Turkey, respectively
(Fig. 1). All ecological variables were measured before sampling to reduce disturbance
on the measurements. Among them, dissolved oxygen concentration (DO, mg/L), water
temperature (Tw, °C), electrical conductivity (EC, uS/cm), pH and salinity (%o) of water
were recorded with a YSI-Professional Plus and a GARMIN etrex Vista H GPS was used
to obtain geographical data (elevation, coordinates (for constructing the map, Fig. 1)). The

BLACK SEA

Konya basin

AEGEAN SEA

MEDITERRANEAN SEA

Fig. 1. Sampling sites in Konya (K), Antalya (A) and West Mediterranean (B) basins
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minimum-maximum and mean values of ecological variables for basins and each species
are given in Table S1.

A standard sized hand net (200 pm in mesh size) was used to collect ostracod sam-
ples from the sediment throughout littoral zones of lakes and the parts of creeks with slow
flow regimes with a maximum of 1 m depth. Sediment samples were anchorage with 70%
of ethanol in 250 ml plastic bottles in situ to preserve ostracod specimens from decay. In the
laboratory, sediments including ostracods were filtered through four standardized sieves
(0.5, 1.0, 1.5 and 2.0 mm mesh size) under tap water to separate coarse materials and then
filtered sediments were collected in 250 ml plastic bottles with added 70% ethanol. Subse-
quently, ostracods were separated from the sediments under a stereomicroscope (Olym-
pus ACH 1X) by using a pipette and dissecting needles. Dissected soft body parts in lac-
tophenol solution and carapace morphology were accomplished under a light microscope
(Olympus BX-51) for the identification of specimens to species and genus level according
to MEiscH (2000). Ostracod samples are kept at the Limnology Laboratory of Bolu Abant

izzet Baysal University, Turkey.

Statistical analyses

Shannon index values were calculated for each basins and elevational intervals by
Species Diversity & Richness 4 software (SEaBy & HENDERsON 2006). This software was also
used to estimate Whittaker’s beta ([3) diversity index values (WiLsoN & Sumipa 1984) for all
and dual comparisons of basins and elevational intervals as well. Differences in ostracod
communities and environmental variables, and contribution of individual species and en-
vironmental variables to any of dissimilarities among the basins and elevational intervals
were checked out by Analysis of similarity (ANOSIM) and Similarity percentages (SIM-
PER), respectively (Community Analysis Package 4 software). In addition, whether there
is a significant difference in the mean of ecological variables among the basins and eleva-
tional intervals that were tested by One-Way ANOVA (IBM-SPSS Statistics Version 21). The
Levene’s test and Kolmogorov Smirnov (if n > 50) or Shapiro-Wilk (n < 50) tests affirmed
the homogeneity of variance and data normality assumption, respectively. If assumptions
are not met, non-parametric Kruskal-Wallis was applied. Post-hoc analyses were con-
ducted to see possible significance. Elevational intervals like 0-800 (E1), 800-1600 (E2) and
>1600 (E3) m a.s.l. was used in the analysis and these intervals are showed hereafter by the
abbreviations in brackets. Detrended Correspondence Analysis (DCA) was used to check
out the suitability of data for Canonical Correspondence Analysis (CCA). Most effective
ecological variables on species composition in each basin were determined by CCA using
the CANOCO 4.5 software (TER BrRaak 1986). Cyrideis torosa is susceptible to salinity (or oc-
cur in high saline waters) and so it has been excluded from the CCA analysis to prevent a
conditional result (see Discussion). In CCA, species appeared at least two times were used.
Monte Carlo permutation test (499 permutations) was performed to see the effectiveness
of variables. Meaningful correlations between species encountered at least three times and
used environmental variables were tested by a non-parametric Spearmen Rank Correla-
tion analyses (IBM-SPSS Statistics Version 21). The optimum (u,) and tolerance (t,) levels of
the species occurred three or more times during the study were calculated by C2 software
(Jucains 2003). Specimens with damaged soft body parts and carapaces were omitted from
the analyses and only undamaged adult individuals are used.
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RESULTS

A total of 1787 individuals belonging to 31 ostracod species (gamma (y)
diversity) were recorded from Konya (21 species (spp.), 453 individuals (ind.)
from 21 sites), Antalya (15 spp., 401 ind. from 15 sites) and West-Mediterra-
nean basins (21 spp., 933 ind. from 23 sites) (Table 1). Nine species (Candona
neglecta, Heterocypris incongruens, Ilyocypris bradyi, Potamocypris similis, P. fal-
lax, Physocypria kraepelini, Prionocypris zenkeri, Pseudocandona albicans and Psy-
chrodromus olivaceus) were found to be common to the three basins (Table 1).
Moreover, Konya and Antalya basins showed both the highest (H =2.19) and
the lowest (H = 1.90) Shannon index (alpha, o) values, respectively (Table 2).
Among the species, bisexual populations of Candona sanociensis (1 3 and 1 @
from Konya province in a creek at 1374 m a.s.l), C. neglecta (4 33 and 4 @9
from Konya province in a creek at 1622 m a.s.l.), C. weltneri (3 & and 18 @9
from Konya province in a lake at 1849 m a.s.l.), Cypria ophtalmica (1 & from
Aksaray province in a lake at 1173 m a.s.l.) and L bradyi (1 & and 2 @9 from
Karaman province in a creek at 1352 m a.s.l.) were also found in Konya basin.
In the West-Mediterranean basin, bisexual populations of Candona angulata (4
dd and 27 Q¢ from Burdur province in a lake at 947 m a.s.l.), C. neglecta (5 3&
and 22 ¢ ? from Mugla province in a lake at 1736 m a.s.l.), Fabaeformiscandona
fragilis (1 & from Mugla province in a lake at 223 m a.s.l.), F. holzkampfi (1 &
from Mugla province in a lake at 1735 m a.s.l.), Ilyocypris monstrifica (1 & from
Denizli province in a creek at 987 m a.s.l.) and P. olivaceus (1 3 and 1 @ from
Mugla province in a creek at 568 m a.s.l.) were found while there were no bi-
sexual populations in Antalya basin.

The highest species number (25 spp.) was observed at E2 (includes 23
sites (6 lakes and 17 creeks) and 38 samplings (6 from Antalya, 13 from West-
Mediterranean (West-Med.) and 19 from Konya basins) when the E1 (includes
23 sites (7 lakes and 16 creeks) and 33 samplings (16 from Antalya and 17
from West-Med. basins)) and E3 (includes 14 sites (10 lakes and 4 creeks) and
20 samplings (2 from Antalya, 5 from West-Med. and 13 from Konya basins))
intervals had 19 and 16 spp., respectively (Table 1). Accordingly, the foremost
Shannon index value (H = 2.15) was registered in mid interval when the index
value tended to decrease in low (H =1.54) and high (H =1.93) intervals (Table 2).

Beta () diversity values among basins and elevational intervals were
given in Table 2. According to dual comparisons, the supreme (3 diversity val-
ues are 0.4444 for Konya — Antalya basins and 0.4146 for E2-E3 intervals (see
Table 2).

ANOSIM exhibited significant differences (p < 0.05) in species composi-
tion among basins and elevational intervals. According to pairwise compari-
son, Antalya and Konya basins were significantly different from each other
(p <0.05) while Antalya—West Mediterranean and Konya—West Mediterranean
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Table 1. Species and their abundance (or the number of specimens per species, values in the table) in

August (Au) and October (Oc) of 2017 from Konya, Antalya and West-Mediterranean (W Med.) ba-

sins and in different elevational intervals (E1 (0-800); E2 (800-1600) and E3 (>1600)). Species names
in bold refers to cosmopolitan distribution.

Basins Elevational Interval (m a.s.l.)
Konya  Antalya W Med. El E2 E3

Species Au Oc Au Oc Au Oc Au Oc Au Oc Au Oc
Candona angulata 2 15 31 2 31 15
Candona improvisa 5 12 5 12
Candona neglecta 18 57 1 2 21 3 1 2 16 17 23 75
Candona sanociensis 2 3 2 3
Candona weltneri 8 24 8 24
Cypria ophtalmica 2 2
Cyprideis torosa 115 213 115 213
Cypris pubera 53 53
Cypridopsis vidua 2 1 1 2 1 3 1
Darwinula stevensoni 10 3 3 9 1 5 5 2
Fabaeformiscandona fabaeformis 1 1 1 1
Fabaeformiscandona fragilis 1 1
Fabaeformiscandona holzkampfi 5 1 1 1
Herpetocypris chevreuxi 4 11 11
Herpetocypris reptans 2 2
Heterocypris incongruens 7 6 152 2 9 6 150
Heterocypris salina 19 1 19
Ilyocypris bradyi 20 121 9 5 23 101 11 7 41 206 14
Ilyocypris monstrifica 2 1 3 3 3
Limnocythere inopinata 13 22 4 13 18
Paracandona euplectella 1 1 1 1
Physocypria kraepelini 1 3 3 15 33 1 4 30 14 o6
Potamocypris fallax 9 1 1 1 1 1 1 9
Potamocypris similis 33 21 66 63 13 21 66 63 46
Potamocypris unicaudata 7 1 7 1
Potamocypris variegata 19 9 21 22 18
Prionocypris zenkeri 4 6 7 1 6 7 1 4
Pseudocandona albicans 5 1 1 1 1 4 1
Psychrodromus olivaceus 19 55 14 12 53 74 8 5 76 129 2 7
Psychrodromus fontinalis 1 1
Trajancypris clavata 1 10 10 1
Total 118 335 303 98 356 577 217 340 279 532 281 138
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Table 2. Shannon index (H) and beta (3) diversity values for basins and elevational inter-
vals (E1 (0-800); E2 (800-1600) and E3 (>1600)). vs represents versus.

Shannon index pdi- Dual comparisons {3 di-
versity versity
Sample H VarianceH ExpH Sample
Konya 2.19 0.0027 8.90 0.63  Konya vs Antalya 0.4444
Antalya 1.90 0.0028 6.66 Konya vs W Med.  0.4286
W Med. 2.15 0.0013 8.58 Antalya vs 0.2778
W Med.
El 1.54 0.0036 4.69 0.55 El vs E2 0.2727
E2 2.15 0.0018 8.59 E2 vs E3 0.4146
E3 1.93 0.0028 6.89 E1lvs E3 0.3714

All Sample Index 2.58
Jackknife Std Error  0.06

binary comparisons did not display significant differences (p > 0.05). SIMPER
expressed 96.03, 95.68 and 94.59% of average dissimilarity between Antalya-
Konya, Antalya-West Mediterranean and Konya-West-Mediterranean basins
groups, respectively. For example, I. bradyi (15.33%), P. olivaceus (13.72%) and
C. neglecta (10.14%) are the first three species with high percentage contri-
bution to the dissimilarity between the Antalya and Konya basins (see Table
3). Unlike basins, species composition between all couple elevational interval
groups showed significant differences (ANOSIM, p < 0.05). SIMPER showed
97.82, 96.33 and 95.41% dissimilarity in the species composition between E1-
E3, E2-E3 and E1-E2 intervals, respectively. Candona neglecta is the species
contributing to the dissimilarities of E1-E3 and E2-E3 intervals with high-
est percentages as 24.03 and 19.51%, respectively. Similarly, I. bradyi provides
about 22.63% dissimilarity between E1 and E2 intervals (for more see Table 3).

Like species composition, significant differences were also estimated in
the composition of the environmental variables among basins and elevational
intervals (ANOSIM, p < 0.05). Composition of the environmental variables in
the Konya basin with Antalya and West Mediterranean basins are significant-
ly different (p <0.05). All of the dual comparisons among elevational intervals
showed significant differences based on environmental variables (p < 0.05).
According to SIMPER, elevation and electrical conductivity supply 53.23 and
46.30% to 45.71% dissimilarities between Antalya and West Mediterranean
basins; 70.22 and 29.43% to 47.69% dissimilarities between Antalya and Konya
basins; 56.70 and 42.86% to 42.71% dissimilarities between Konya and West-
Mediterranean basins, respectively. Electrical conductivity is the only variable
that promotes the dissimilarities between E1-E2 (32.23% dissimilarity), E1-E3
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Table 3. Contributions of individual species to dissimilarities among basins and eleva-
tional intervals. Abbreviations: W Med., West Mediterranean and %CoDs, % contribu-
tion to dissimilarity, E1 = 0-800 m; E2 = 800-1600 m and E3 >1600 m a.s.l.

Basins Elevational intervals

Antalya- Antalya- Konya- E1-E2 E1-E3 E2-E3
Konya WMed. W Med.

Species %CoDs %CoDs %CoDs %CoDs %CoDs %CoDs
C. angulata 3.52 2.31 1.95 2.58 2.69
C. improvisa 3.71 3.25 3.41 2.63
C. neglecta 10.14 7.99 13.96 3.50 24.03 19.51
C. weltneri 6.27 5.54 10.81 8.02
C. torosa 8.13 7.85 7.69 7.74

C. pubera 3.40 3.17 412 3.83
C. vidua 2.47 3.89 2.15
D. stevensoni 4.34 5.14 3.82 1.79
H. incongruens 7.81 6.42 3.60 4.66 6.00 7.29
H. salina 2.60 3.23 3.14 2.00
I. bradyi 15.33 14.06 20.83 22.63 5.35 18.95
L. inopinata 2.99 2.93 2.83 2.13
P. kraepelini 2.38 4.60 3.70 3.08 3.73 471
P. fallax 151 2.45 1.87
P. similis 7.69 8.14 3.25 7.37 4.47 2.84
P. unicaudata 1.78 1.91

P. variegata 4.46 7.98 4.03 6.50 6.06

P. zenkeri 3.94 3.59 2.87 2.37

P. albicans 2.05

P. olivaceus 13.72 13.24 10.08 13.65 6.95 11.11
T. clavata 2.57 2.32 1.70

(52.25% dissimilarity) and E2-E3 (44.33% dissimilarity) with 97.71, 96.30 and
96.38% contributions, respectively.

The mean value of water temperature (Tw, ANOVA, p > 0.05), electri-
cal conductivity (EC) and dissolved oxygen (DO, Kruskal-Wallis, p > 0.05)
did not show significant differences among basins. On the other hand, aver-
age value of pH between Antalya and West-Mediterranean basins and eleva-
tion between Konya and Antalya, and Konya and West-Mediterranean basins
were significantly (Kruskal-Wallis, p < 0.05) different from each other. In the
sense of elevational intervals, pH and DO did not indicate meaningful unlike-
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Table 4. Influence of variables on the ordination of species on CCA diagrams in Konya,
West Mediterranean and Antalya basins. Values in bold show the variables with a sig-
nificant effect.

Basins Konya West Mediterra- Antalya
nean

Variables P A F P A F P A F
Elevation 0.002 073 343 0.008 052 230 0.002 09 4.18
Electrical conductivity 0.022 055 274 0.002 0.60 2.89 0218 024 1.33
pH 0.184 026 128 0.028 041 200 0.006 049 2.62
Water temperature 0.116 030 156 0.114 031 157 0.006 0.68 3.27
Dissolved oxygen 0574 018 0.89 0212 026 130 0840 0.09 044

ness (Kruskal-Wallis, p > 0.05). However, mean values of Tw and EC depicted
significant dissimilarity between E1 and E2, and E2 and E3 intervals, respec-
tively (Kruskal-Wallis, p <0.05).

Total of 68, 69.9 and 70.9% of relationships between species and used
environmental variables in Konya, Antalya and West-Mediterranean Basins
were elucidated by the first two axes of CCA (Table S2), respectively. Of the
variables, elevation is the common variable that had a significant (p < 0.05)
effect on species composition in all basins. In addition to elevation, electrical
conductivity (EC) in Konya, EC and pH in West-Mediterranean and pH and
water temperature in Antalya basins are the other meaningful variables (p <
0.05) on species composition (Table 4).

Most of the species ordinated on the negative sides of axes 1 and 2 in
Konya basin (Fig. 2A) while almost all species except P. similis and P. olivaceus
positioned on the positive sides of axes 1 and 2 in West-Mediterranean basin
(Fig. 2B). In Antalya basin, all of species except H. incongruens located on the
right side of axis 1 where there is only electrical conductivity arrow (Fig. 2C).
The well-known cosmopolitan species, P. olivaceus and Pseudocandona albicans
in Konya, and Herpetocypris reptans and I. bradyi in West-Mediterranean basin
aligned relatively closer to the center of CCA diagrams (Figs. 2A and B) that
means distribution of these species may not be significantly affected by the
variables used. The positioning of all other species in three basins according
to the effect of variables on their distributions are as in Figs. 2A, B and C. The
significant correlations among environmental variables and species are given
in Table 5.

Estimated tolerance (t ) and optimum () levels of 19 species from whole
data for five variables are given in Table 6 where H. incongruens had highest
optimum (1861.55) and tolerance levels (942.23) for elevation, and the lowest
optimum (14.84) was recorded for C. torosa. Candona weltneri exhibited maxi-
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mum tolerance level for water temperature (11.13) but minimum tolerance
levels for electrical conductivity (17.90) and optimum for water temperature
(13.33) among species. One species, F. holzkampfi showed high tolerance values
for pH (8.96) and dissolved oxygen (10.18) (for more see Table 6).
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Fig. 2. Ordination of species on CCA diagrams based on the effectiveness of the variables
on their distribution in Konya (A), West-Mediterranean (B) and Antalya (C) basins. Abbre-
viations: Elev, elevation (m a.s.l.); Tw, water temperature (°C); EC, electrical conductivity
(uS/cm); DO, dissolved oxygen (mg/l); Ca, Candona angulata; Ci, C. improvisa; Cn, C. ne-
glecta; Cs, C. sanociensis; Cw, C. weltneri; Cv, Cypridopsis vidua; Ds, Darwinula stevensoni; Ff,
Fabaeformiscandona fabaeformis; Fh, F. holzkampfi; Hr, Herpetocypris reptans; Hi, Heterocypris
incongruens; Hs, H. salina; Ib, Ilyocypris bradyi; Im, 1. monstrifica; Li, Limnocythere inopinata;
Pe, Paracandona euplectella; Pk, Physocypria kraepelini; Ps, Potamocypris similis; Pu, P. unicau-
data; Pv, P. variegata; Pz, Prionocypris zenkeri; Pa, Pseudocandona albicans and Po, Psychrodro-
mus olivaceus
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Table 5. Spearman Rank Correlation Analysis results among environmental variables and species.

Water Con-  Salinity  Dis- Candona  Hetero-

temper-  ductiv- solved  neglecta cypris
ature ity oxygen salina
Elevation Corr. coeff. ~ -0.251*  -0.551*"* —-0.638** 0.552* 0.926**
Sig. (2-tailed)  0.016 0.000 0.000 0.012 0.008
N 92 92 92 20 6
pH Corr. coeff. 0.286**
Sig. (2-tailed) 0.006
N 92
Conductivity Corr. coeff. -0.217*
Sig. (2-tailed) 0.038
N 92
Cyprideis torosa Corr. coeff. 0.900* -0.900*
Sig. (2-tailed) 0.037 0.037
N 5 5
Ilyocypris bradyi Corr. coeff. -0.479*
Sig. (2-tailed) 0.018
N 24

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

DISCUSSION

The species F. fragilis herein (Tables 1 and S1) were new for the Turkish
non-marine ostracod fauna and thus, the number of non-marine ostracods in
Turkey has increased to 146 species. The gamma (31) diversity of the three
river basins (Konya, Antalya and West-Mediterranean) is about 21.23% of Tur-
key (146) when their surface area is ca 13% of Turkey’s surface area. The num-
ber of species in these basins is not very low considering their surface area.
Nevertheless, the absence of basin-related studies dealing with ostracods in
Turkey did not allow for any crosscheck comment about this ratio.

Binary comparisons of basins with the Shannon diversity index values
for Konya and Antalya and for Antalya and West-Mediterranean basins were
explained by the suggestion of “sampling effect” hypothesis (HiLL et al. 1994)
as the number of encountered species is expected to be high when the sam-
pled sites increase, since the number of sampled sites in each of the Konya and
West-Mediterranean basins are higher than Antalya basin. On the other hand,
similar to previous studies (e.g., AKDEMIR & KiLkOéyLUoGLu 2011, PieRI et al.
2009, Yavuzatmaca et al. 2018), comparison between the Konya and West-

Acta Zool. Acad. Sci. Hung. 65, 2019



281

COMPARATIVE ANALYSES OF NON-MARINE OSTRACODS IN TURKEY

14T 896 ¥E8IT L80LI 18°0 €C'8 VA veac €6 99’1981 ¥E'L 0ST 8 SUaNASUoIUL ‘[
9¢'0 9¥'6 86CC  60°¢O¥ LT0 80’8 L1°9 00T Z9'8I8 8T'ZLST 91 6 € xopf - d
£9°'0  96F Q1948 006561  LE0 azL’9 87°C a@8vc  CI'll 78¥1 681 1T¢ ) 0504031 *D
v£0 0¢8 T¢L6l  €1°09% ¢80 142 206 ¢09L ¥698% 640CCl T6'1 L1 9 puls "H
080 696 196V 196£9 0s0 758 ¢S9 VS8l  LL4LS  8C9ITL  ¥6'L I¢ € vIpIMEUD )
¢6'0 8T'0T ¢8TS LT LST 970 96'8 16°C 88'¢cCc 0¥'9¢l €8'1691 00T 14 € dwwyzioy g
68C LV9 0641 9C'16 S0 612 ¢’ geel £9C L6'6V8T  CI'C 1¢ 14 aujjam "o
¢L’0  1T8 69T 19°LvY 700 818 v.T 8861 69°C0¢  0C906 1I¥'c 8T € vyvurdour
€8C 186 8841 L9°ECYy 660 148 £€8'8 ¢9°¢eC [4°R ££'886 £8°C € € voyfLipsuouL °|
6G'T 06 G6'€91 ¥6'869 £9°0 8’8 G6'q 9961 89'GLy L9CCCL IT¢ Ll 0T mgadavay *q
90  L6'8 08'8 YrvLE 10 91’8 0g'¢ 1881  Z£/ZPS  847C19 8¢'¢ L q Mayuaz °d
€90 698 8C6L 18°06¢ (450 178 a8'1 L6'ST  P¥PSIS  €6'996 €6’ 99 9 siis “d
140 v€8 6499 89'L5¢C av'o 178 €a'¢ 10°9T  8¢24C 0€°49CT 809 02 1c snaovailo *d
LT 06 66719 £8°6¢€C 860 LV'8 8L €8'¢C  ¢I'9SL 6C0LCT V'S 4 9 vnpia ")
1T <48 L9 S1'8I¥ 0o 118 299 68'T¢ €8¥re  I¥qce Ly'S ql 6 vip8arma “q
60T 798 6879 1C18¢ 09°0 S6'L 149 940c 66'1¢s €9¢Lel 079 4 L suvoqIv "d
9’1 908 T8LOL 90°C6¥ aco ar'8 €8'G 96'cCc  T6'LES  81C99 ¢L9 9 6 mosuanadys "
9'C  SI'8  ZT<0l  06°0¥C ST'T 618 €&v'a 6C8L €98YE TECCI9ST 654 6¢ 61 vpa18au -
080 898 I€19 LLLEY €C0 [4%] 6C°¢C 8¢9l ¢¥V6sC VL99CT 96 6V 144 thppiq T

N n Y n v_“ n v_“ n v_“ n IN  XeN junod sapadg

oda RE Ad7g

“S9DUILINIIO JO IIQUINU JATIOIYJD JO JINSLIW 3} SAJEDIPUI JeY} SN[BA JUIDLFI0D S,[[IL] Y3 ST °N "([/Swt

‘0O) uonenuaduod Ua8AX0 paafossip pue (un/gn ‘D) Ajanonpuod [eordd[d ‘Hd (D, ‘M) arnjeradwa) 1e3em ‘(‘T's'e w “Ad[g) uon
-BAJ[ 10§ Sulseq eA[EJUY PUB UBSURLISHPIA 1S9M ‘BAUOY d[oym woy sarads [ Jo s[aad] (7) souers[oy pue (') wnwndQ ‘9 aqeL,

Acta Zool. Acad. Sci. Hung. 65, 2019



282 YAVUZATMACA, M.

Mediterranean basins did not reinforce “sampling effect” hypothesis because
their alpha index values are very close to each other. It seems that the abiotic
(e.g., physico-chemical variables, habitat destruction) quality of sampled sites
may affect the diversity of ostracods along with this ecological hypothesis.
The beta diversity value among three basins is larger than the dual com-
parisons. Of the dual comparisons, the highest beta diversity values were re-
ported between the Konya, open Antalya, and West-Mediterranean basins,
respectively (Table 2). The results of ANOSIM supports significant differences
in species composition among basins and between Konya and Antalya basins
(p <0.05). The drivers of beta diversity are arranged as i) dispersal limitation,
ii) productivity and iii) environmental heterogeneity (Astorca et al. 2014).
Among them, productivity is beyond the scope of the present study. The dis-
persal limitation may be used as an explanation, by way of the beta diversity
values for ostracods since longer distance dispersion of non-marine ostracods
are achieved passively by human, wind, birds, fishes and insects (McKenzie
& Moront 1986, GrReeN 2016; VaLLs et al. 2016). Antalya and West —~Mediter-
ranean basins have a border to Mediterranean and Aegean Sea (Fig. 1). In
the summer season, touristic activities are far more intense in both basins.
The presence of 13 common species in both close basins (Table 1) showed
the human effect on distribution of ostracod species as previously suggested
by Varts et al. (2016). As a result, the lowest beta diversity value was noted
between Antalya and West Mediterranean basins (Table 2). Indeed, the ra-
tio of non-cosmopolitan to cosmopolitan species called as “Pseudorichness”
(KtrkoyLtoérLu 2013) in Antalya (0.37) and West-Mediterranean (0.40) ba-
sins indicate such anthropogenic influence when this ratio is 0.91 in Konya
basin (Table 1). This is because the “Pseudorichness” ratio is smaller than
one means there are possible anthropogenic effects related to disturbance
(KtLkoyLtoéru 2013). Therefore, the Antalya and West-Mediterranean basins
seem to be more affected than the Konya basin anthropogenically since these
are under the pressure of tourist activities more than the latter one. Electrical
conductivity and elevation gave rise to environmental variables heterogenei-
ties among basins (see results) and these kinds of heterogeneities affect the
beta diversity values. Of the variables, the regional factor, elevation, seems to
be a deterministic factor for the highest beta diversities. Since the highest beta
diversity values (Table 2) and significant average value difference of eleva-
tion (Kruskal-Wallis, p < 0.05) were reported between Konya and both open
basins. Additionally, decreases in air and water temperatures with ascending
elevation and consequently physico-chemical variables fluctuations are well
documented in Yavuzatmaca et al. (2018). The significant negative correla-
tions of elevation with water temperature (p < 0.05) and electrical conductiv-
ity (p < 0.01) here (Table 5) support this previous statement. This shows that
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elevation indirectly influences the occurrences of ostracod species. Therefore,
species with wider tolerance ranges (cosmopolitans) have advantages over
non-cosmopolitans in aquatic bodies. This is the case in the present study.
Since cosmopolitan species (e.g., I. bradyi, P. olivaceus, C. neglecta), appear to
play important roles with high percentages in the dissimilarities and alpha
diversities among basins (see Table 3).

Most recently, KiLkOyLUOGLU et al. (2017¢c) implied the importance of ge-
ographical differences (or regional factor) for beta diversity in the Diizce and
Karabiik provinces, Turkey. On the other hand, HicuTr et al. (2009) proposed
that beta diversity is equally affected by both local and regional factors, indi-
cating the presence of low beta diversity between homogeneous systems. The
significant differences of elevation and high beta diversity between closed
and open basins herein reinforce the final statement of HicurTr et al. (2009). In
Belarus, the significant correlation of alpha diversity of ostracods with tem-
perature was recorded by Nacorskaya & KEeyser (2005) when HicurTr et al.
(2009) suggested that local factors had more influence than regional factor
on alpha diversity in Brazil. Other studies in Turkey have suggested that the
suitability of habitats (ecological conditions) would be better than altitude,
pH, and salinity as explanatory factors for ostracod diversity (KiLkOyLGOGLU
et al. 2012c). Overall, the results of the studies mentioned above and the pre-
sent study suggest that beta diversity is affected most by regional factors (e.g.,
elevation, system (open and/or closed basins)) and then by local factors (e.g.,
electrical conductivity, water temperature, pH) while alpha diversity is main-
ly under the control of local factors (see below).

CCA explored elevation as a common factor on the alpha diversity in all
basins (Table 4). According to the results of 30 studies done in and out of Tur-
key, elevation was found to be an important variable on alpha diversity only
in five studies (Table S3). Whereas the other effective local variables herein
(electrical conductivity, pH and water temperature) (Table 4) were commonly
indicated as influential variables on ostracod species composition, e.g., elec-
trical conductivity in 16, water temperature in 14 and pH in 10 studies (Table
S3). Consequently, this literature survey and the results of the present study
may pinpoint that local factors have a greater impact than regional factors on
alpha diversity of ostracods. The relationships of local and regional factors
with individual species show difference among the regions (Figs. 2A, B and
C). For example, C. neglecta had a significant correlation with elevation but
oriented on the opposing side of this variable in West-Mediterranean (Fig.
2C) and did not locate close the arrow of variable in Antalya (Fig. 2B) while it
showed a close relationship with elevation in Konya (Fig. 2A). Also, C. neglecta
had high optimum and tolerance levels (1563.32+348.63) (Table 6) and a wide
range (0-3194 m a.s.l.) (YavuzaTtmaca et al. 2017a) of elevation. This is the case
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for other common species I. bradyi which had a strong correlation with water
temperature but did not show any close relationship in all basins (Figure 2A,
B and C) when there is a wide range of water temperature (1.68-35.5 °C) (Ya-
VUZATMACA et al. 2017a, the present study) for species (see Table 6 and Figs.
2A, B and C). This shows that even if a species has a low or high optimum
and tolerance levels for a variable, the relationship of species with the same
variable may vary in different regions. Also, species are affected in different
ways by each variable because ecological variables (e.g., pH, dissolved oxy-
gen, water temperature) show correlations among themselves (Table 5). Since
we cannot determine which variable is primarily important for the distribu-
tion and occurrence of an individual species, it is inevitable to encounter the
distinct relationships of a species with the same variable in different regions.
Although this is the case, optimum and tolerance levels of species and their
relationship with ecological variables provide important information for pale-
ontologists to make retrospective environment estimates and to determine the
changes that have occurred.

As previously stated (e.g., KiLkOYLUOGLU et al. 2012¢, YAvUZATMACA et al.
20174, b), the high species diversity was reported in the mid-elevational inter-
val in the present study (Table 2). Whereas the finding of high diversity at low
(e.g., PErRez et al. 2015, YavuzaTmAca et al. 2018) and high (e.g., KiLk6yLU0GLU
et al. 20124, 2016) elevational intervals are also available in the literature. The
difference between the present study and previous ones is the difference in
the elevation ranges used. We investigated 800 m, while most other studies
used ranges about 100, 150, 200 or 250 m. Thereby, this wide range allows us
to see the effect of elevation on the species in a wide perspective. It is known
that some of the species are of narrow tolerance ranges while others have very
wide ranges (Table 5). When we look at the differences in species composition
among the elevational intervals subjected herein (Table 3), especially the spe-
cies with cosmopolitan distribution (e.g., I. bradyi, C. neglecta, P. olivaceus) tend
to contribute with high percentages. The average value differences of water
temperature and electrical conductivity among elevational intervals herein
(see results) strengthened the changing of ecological variables with elevation
as proposed previously (KGLkdYLGOGLU et al. 2012¢, McCaiN & GryTNEs 2010;
ScHINDLER et al. 1990). This kind of change explains the conditions in mid and
high elevations. Since if the species have wide ecological tolerance ranges —
especially cosmopolitans — they may occur in all (e.g., C. neglecta, C. angulata,
H. incongruens, I. bradyi) when others occur in limited elevational ranges (e.g.,
T. clavata, C. improvisa, C. pubera). Of course, this does not mean all cosmopoli-
tans are found everywhere because their tolerance levels vary among them-
selves. On the other hand, conditions in low ranges may be assumed to be
suitable for many species but biotic factors (e.g., competition, prey/predation
relationship, anthropogenic environmental deterioration) can become critical.
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“Pseudorichness (PR)” ratio of E1 (PR = 0.27) may demonstrate the effect of
human on aquatic bodies when compared with mid (E2, PR = 0.67) and high
(E3, PR = 0.78) elevational intervals that is also supported by the numbers
of cosmopolitan species (15 spp.) found in low elevation. All of them indi-
cate that at low elevations biotic factors are more effective than abiotic factors
when compared with high elevations. Therefore, further studies including bi-
otic factors are needed to make better inferences about the effect of elevation
on ostracods.

Cyprideis torosa is an opportunistic species that occur mostly in brackish
to saline water bodies (e.g., ponds, lakes, lagoons, estuaries) (MEe1scu 2000).
SANDBERG (1964) suggested nodes (lateral projections on valves) are observed
on the valves of species in conditions with < 5% salinity. The occurrence of
these nodes helps the animal to increase osmotic pressure during molting in
low saline environments (Keyser 2005). Indeed, a total of 327 individual spe-
cies without nodes were collected from four samplings in three lakes while
one individual with nodes was encountered from a creek. The average values
of electrical conductivity (14837.5 uS/cm) and salinity (7.28%o) of the lakes
are higher than the values of electrical conductivity (573 uS/cm) and salinity
(0.28%o0) of the creek (see Table S1). Also, the species with the highest opti-
mum and tolerance values (Table 6) displayed a strong correlation with elec-
trical conductivity (Table 5). Thus, the findings of the present study support
previous statements that presence of C. torosa with or without nodes is indeed
dependent on changes in water salinity.

Finally, the present study provides important contributions to the fresh-
water ostracod fauna of Turkey and ecological information about ostracod
species. Although cosmopolitans are positive indicators, they play an impor-
tant role in the diversities (alpha, beta and gamma) of basins and elevational
intervals. Local and regional factors are best suited to elucidate the alpha and
beta diversities of ostracods, respectively among basins. Human-induced de-
terioration is less in the Konya basin than in open basins (Antalya and West-
Mediterranean) but this does not mean to ignore touristic activities (referring
to anthropogenic activities) that have economic and ecological significance,
(e.g., habitat deterioration in the present study). The occurrence of species
at low elevations may be under the control of biotic and human-mediated
abiotic factors while abiotic factors may be effective at high elevations. This
study has also shown the lack of basin-related studies in Turkey. Therefore,
increasing in the number of basin-related studies in the future will be of great
importance to the evaluation of aquatic environments and in determining the
regional species pool.
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Supplementary Table 2. Summary tables of CCA for Konya, Antalya and West Mediter-

ranean basins.

Konya Basin

Axes 1 2 3 4 Total inertia
Eigenvalues 0.81 0.57 0.34 0.24 7.12
*Lengths of gradient 0.00 5.82 7.52 3.99
Species-environment correlations 0.96 0.90 0.68 0.56
Cumulative percentage variance

of species data 11.3 19.3 24.0 27.3

of species-environment relation: 40.0 68.0 84.7 96.6
Sum of all eigenvalues 7.12
Sum of all canonical eigenvalues 2.02

Antalya Basin

Axes 1 2 3 4 Total inertia
Eigenvalues 0.98 0.74 0.53 0.17 5.34
*Lengths of gradient 0.00 525 3.13 1.63
Species-environment correlations 0.98 091 0.80 0.47
Cumulative percentage variance

of species data 18.3 32.2 422 45.4

of species-environment relation: 39.7 69.9 91.5 98.5
Sum of all eigenvalues 5.34
Sum of all canonical eigenvalues 2.46

West Mediterranean Basin

Axes 1 2 3 4 Total inertia
Eigenvalues 0.86 0.63 0.43 0.10 6.81
*Lengths of gradient 6.34 5.07 13.6 3.22
Species—environment correlations 0.97 0.88 0.78 0.50
Cumulative percentage variance

of species data 12.6 21.9 28.2 29.7

of species-environment relation: 40.8 70.9 91.5 96.2
Sum of all eigenvalues 6.81
Sum of all canonical eigenvalues 2.10
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