@ Taylor & Franeis

Journal of Freshwater Ecology

ISSN: 0270-5060 (Print) 2156-6941 (Online) Journal homepage: https://www.tandfonline.com/loi/tjfe20

Taylor & Francis

Taylor & Francis Group

Elevational distribution and species diversity of
freshwater Ostracoda (Crustacea) in Cankiri region
(Turkey)

Okan Kulkéyluoglu, Mehmet Yavuzatmaca, Necmettin Sar1 & Derya Akdemir

To cite this article: Okan Kilkoylioglu, Mehmet Yavuzatmaca, Necmettin Sari & Derya
Akdemir (2016) Elevational distribution and species diversity of freshwater Ostracoda
(Crustacea) in Cankiri region (Turkey), Journal of Freshwater Ecology, 31:2, 219-230, DOI:
10.1080/02705060.2015.1050467

To link to this article: https://doi.org/10.1080/02705060.2015.1050467

A . .
h View supplementary material (&' @ Published online: 02 Jun 2015.
\]
@ Submit your article to this journal &' il Article views: 923
A -
& View related articles (' (!) View Crossmark data &'
CrossMark

@ Citing articles: 3 View citing articles (&

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=tjfe20


https://www.tandfonline.com/action/journalInformation?journalCode=tjfe20
https://www.tandfonline.com/loi/tjfe20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02705060.2015.1050467
https://doi.org/10.1080/02705060.2015.1050467
https://www.tandfonline.com/doi/suppl/10.1080/02705060.2015.1050467
https://www.tandfonline.com/doi/suppl/10.1080/02705060.2015.1050467
https://www.tandfonline.com/action/authorSubmission?journalCode=tjfe20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tjfe20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/02705060.2015.1050467
https://www.tandfonline.com/doi/mlt/10.1080/02705060.2015.1050467
http://crossmark.crossref.org/dialog/?doi=10.1080/02705060.2015.1050467&domain=pdf&date_stamp=2015-06-02
http://crossmark.crossref.org/dialog/?doi=10.1080/02705060.2015.1050467&domain=pdf&date_stamp=2015-06-02
https://www.tandfonline.com/doi/citedby/10.1080/02705060.2015.1050467#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/02705060.2015.1050467#tabModule

Journal of Freshwater Ecology, 2016 e Taylor & Francis
Vol. 31, No. 2, 219-230, http://dx.doi.org/10.1080/02705060.2015.1050467 Tferfrncs Groe

Elevational distribution and species diversity of freshwater Ostracoda
(Crustacea) in Cankiri region (Turkey)

Okan Kiilkdyliioglu®*, Mehmet Yavuzatmaca®, Necmettin Sari® and Derya Akdemir®

“Department of Biology, Faculty of Arts and Science, Abant Izzet Baysal University, 14280 Bolu,
Turkey, bDepartment of Biology, Faculty of Arts and Science, Marmara University, 34722,
Istanbul, Turkey

(Received 4 February 2015; accepted 15 April 2015)

We investigated how the richness and ecological characteristics of non-marine ostracod
species varied across nine 100-m elevation bands (from 549 to 1457 m) in the Cankirt
region. We collected a total of 37 taxa (25 living and 12 sub-recent) from 114 of 130
aquatic sites sampled during September of 2011; 34 of the taxa were new records for
the region. Eight widely distributed ‘cosmopolitan’ species (Candona neglecta,
Cypridopsis  vidua, Heterocypris incongruens, Ilyocypris bradyi, Limnocythere
inopinata, Potamocypris villosa, Prionocypris zenkeri, and Psychrodromus olivaceus)
were found more frequently than other species. The first two axes of canonical
correspondence analyses (CCA) explained 73.2% of the correlation between 11 species
and 5 environmental variables. Of which, electrical conductivity (F = 3.99, p = 0.028)
and altitude (F = 2.69, p = 0.004) were the most explanatory (p < 0.05) variables for
species. Optimum altitude and water temperature values of the cosmopolitan species
were relatively higher than the other species. Significant regression models (»p < 0.01,

= 0.81) indicate that the frequency of occurrence was affected by changes in
numbers of samplings sites from 549 to 1457 m. When highest numbers of species
(15 spp.) were found at the range of 1231—1332 m, numbers of asexual species
(10 spp.) were twice of the sexual species (5 spp.) with no statistical difference between
numbers of swimming (7 spp.) and non-swimming (8 spp.) species. Results were
discussed based on the ecological conditions that individual species prefer.
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Introduction

Ostracoda is one of the oldest crustacean groups; fossils of Ostracoda date back to the
Cambrian age (Neil & Bell 2006). Because their carapace consists mainly of CaCO;_ fos-
silized forms can persist for long periods in sediments and soil. Ambient water is the
main source of calcium for ostracods (Turpen & Angell 1971; Rosenfeld 1982; Majoran
et al. 1999); therefore, having information about carapace chemistry allows comparisons
with water chemistry. Because most (if not all) ostracod species prefer certain types of
conditions in different aquatic habitats, ostracods can serve as indicator species of water
quality. For example, Heterocypris incongruens was suggested as an indicator of organic
pollution (Rosenfeld and Ortal 1983; Mezquita et al. 1999) since this well-known, cosmo-
politan species has been reported from different types of fresh and brackish waters. Even-
tually, knowledge of species distributions can also be used to estimate present and future
conditions in such habitats. Indeed, ostracods can be found in diverse aquatic bodies that
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span from the deep sea (4000 m below sea level; Steineck et al. 1990) to sea level
(Kiilkoyliioglu et al. 1993; Pieri et al. 2009) to high elevations (Laprida et al. 2006;
Wrozyna et al. 2009; Guo et al. 2013). For example, Wrozyna et al. (2009) reported both
living and fossil ostracod assemblages from Lake Nam Co in Tibet at about 4718 m above
sea level. Although these studies illustrate that ostracods can inhabit different aquatic
bodies spanning >9000 m of elevational range, we still have little knowledge about how
species composition and abundance vary with elevation. Kiilkoylioglu, Sar1, and Akde-
mir (2012) Kiilkoyliioglu, Akdemir, and Yiice (2012) and Ugak et al. (2014) did not find
significant relationships between elevation and ostracod species distribution in Turkey. In
contrast, a few studies on ostracods (e.g., see Mezquita et al. 1999; Pieri et al. 2009) and
zooplankton (Shehu et al. 2009) illustrated the opposite in Spain, Italy, and Albania-
Greece, respectively. According to these studies, the topic is still controversial and needs
to be studied in detail. Such lack of knowledge requires critical questions regarding
ostracods’s (1) modes of dispersal (e.g., active vs. passive dispersal), (2) ecological adap-
tive values along with suitability of aquatic conditions (e.g., ecological optimum and tol-
erance ranges), and (3) variation in population assemblages (e.g., diversity, abundance,
and reproductive success). The aims of this study were to (1) perform the first extensive
survey of ostracods in the Cankir1 region (Turkey), (2) elucidate the species’ elevational
distribution, and (3) quantify the relationships between environmental variables and
species distribution.

Methods
Site description and sampling

A total of 130 sites (Figure 1) that included 12 different types of aquatic habitats (lake,
reservoir, pond, pool, wetland, well, spring, creek, stream, irrigation canal, trough, and
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Figure 1. Total of 130 sampling sites in Cankir1 province. See Supplemental data for more details.
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ditch) was randomly visited in Cankir1 province (40° 36’ N, 33° 37" E, 7388 km? of sur-
face area) during 10—13 September 2011. At each site, we recorded data on seven aquatic
variables (see Supplemental Table S1), including dissolved oxygen (DO), percent oxygen
saturation, electrical conductivity (EC), total dissolved solids, salinity, pH, and water
temperature (Tw) using a handheld meter (Professional Plus, YSI, Inc., http://www.ysi.
com). We recorded air temperature (°C), wind speed (km h™'), and relative humidity
(%, Model 410-2, Testo, http://www.testo.com). Additionally, geographic data (e.g., ele-
vation, latitude, and longitude) were recorded with GPS (eTrex Vista HCX, Garmin,
http://www.garmin.com). To prevent the possible consequences of pseudoreplication
(Hurlbert 1984), all variables were measured before sampling. Samples were collected
from each site with a standard-sized hand net (mesh size = 200 pm) and stored in 250-
mL plastic bottles in a 70% alcohol solution for fixing. In the laboratory, samples were fil-
tered through four standardized sieves (0.25, 0.5, 1.0, and 1.5 mm mesh size) under tap
water and then kept in 70% alcohol for further studies. Sieves were used to separate ostra-
cods from debris in different sizes. Ostracods were separated from sediments under a ste-
reomicroscope (Olympus SZX-TR30) and dissected in lactophenol solution for
taxonomic identification. We retained the carapace and valves on micropaleontological
slides. Species identification primarily followed taxonomic keys of Meisch (2000) and
Bronshtein (1988). All biological samples were accessioned in the Limnology Laboratory
of Abant Izzet Baysal University, Bolu, Turkey.

Statistical Analysis

We examined the data with detrended correspondence analysis (DCA) to see its suitabil-
ity for canonical correspondence analysis (CCA). DCA is one of the most commonly
used unconstrained ordination methods in which the length of the first axis corresponds to
the heterogeneity or homogeneity of the data. Therefore, this length is used to make deci-
sions about the use of linear (length < 3) or unimodal (length > 4) ordination methods. A
gradient length > 3 suggests suitability of data for CCA (Ter Braak & Barendregt 1986;
Ter Braak 1987; Birks et al. 1990). Our DCA length was 4.488 suggesting a good fit of
the data. Then, CCA was used to display relationships between 11 species (with 3 or
more occurrences) and the 5 most commonly used environmental variables (EC, Tw, DO,
pH, and elevation). To eliminate the influence of multicolinearity and arc-effect, rare spe-
cies were removed and the data was log-transformed and tested with the Monte Carlo per-
mutation test (499 permutations).

The C2 program was used to measure ecological tolerance and optimum estimates
of each species for different environmental variables after using a transfer function of
weighted averaging (WA) regression (Juggins 2003). Application of C2 analyses con-
sisted of 11 species that occurred at least three times from the sampling sites where
data on environmental variables were available. During WA, optimum values for each
species are considered as the mean of all sites where the species occurs, weighted by
its abundance in each. Herein, it is assumed that all species express unimodal
responses to the environmental variables selected. Thus, a species can be most abun-
dant in sampling sites where the values are closest to their optimum estimates (Ter
Braak & Barendregt 1986).

We also used regression analyses in Microsoft Excel 2010 to display the distribution
of numbers of species and sampling sites among nine elevational ranges from 549 to
1457 m. We only used living adult species in all of our statistical analyses while juveniles,
damaged specimens, and subfossils were eliminated from the analyses.
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Results

During this study, we detected 37 taxa collected from 114 of our 130 sites. Among them,
34 taxa are new records for the region; they include 25 species from 89 sites (see Supple-
mental Table S2). Including the earlier reports, the area is now known to contain at least
39 ostracod taxa, including 27 living species. Eight species (Candona neglecta, Cypridop-
sis vidua, H. incongruens, Ilyocypris bradyi, Limnocythere inopinata, Potamocypris
villosa, Prionocypris zenkeri, and Psychrodromus olivaceus) occurred more frequently
than the others. Most of these cosmopolitan species showed higher optimum values for
altitude (Alt) and Tw than the means of the other species (Table 1). Regression analyses
displayed positive correlation between species occurrence and sampling sites (p < 0.01)
such that 81.5% of the variation in numbers of species was explained by variation in num-
bers of sampling sites. Accordingly, numbers of species per station were slightly
decreased. CCA exhibited 73.2% of the correlation between 11 species and 5 environ-
mental variables, EC (F = 3.99, p = 0.028) and Alt (F = 2.69, p = 0.004) were found to
be the two most effective (p < 0.05) factors explaining species occurrence (Figure 2,
Table 2). We detected the greatest number of species (15 spp.) in the range from 1231 to
1332 m (Figure 3). Within this elevational range, the number of asexual species (10 spp.)
was twice that of the sexual species (5 spp.). There was no statistical difference in the
numbers of swimming (seven spp.) and non-swimming (eight spp.) species within this
range (1231—1332 m). Although swimming species were found in all elevational ranges,
non-swimming species were absent from 525 to 726 m. Numbers of non-swimming spe-
cies were always higher than the swimming species from 828 to 1332 m.

Table 1. Optimum (Opt) and tolerance (Tol) values of 11 ostracods for five environmental varia-
bles along with the mean, maximum (Max) and minimum (Min) levels. Abbreviations: Count (num-
bers of occurrences), Maxi (maximum numbers of individuals), N, (Hill’s coefficient value), Alt
(altitude, m), Tw (water temperature, °C), DO (dissolved oxygen, mg/L), EC (electrical conductiv-
ity, pS/cm).

Alt Tw pH DO EC
Species Count Maxi N, Opt Tol Opt Tol Opt Tol Opt Tol Opt Tol
Heterocypris 44 105 20.5 1026 205 18.31 3.65 8.06 0.48 541 3.19 652 413.7
incongruens
Ilyocypris bradyi 42 65 193 1141 148 15.87 2.54 8.06 048 594 346 SI11 3408
Candona neglecta 8 5 559 1240 56 17.7 443 785 035 7.7 3.63 420 1524
Psychrodromus 13 48  5.15 1238 59 16.45 198 7.88 0.53 10.6 635 296 120.1
olivaceus
Psychrodromus 11 134 456 1201 114 16.54 2.73 8.16 0.37 6.11 447 293 101.7
fontinalis
Potamocypris 6 96 4.13 1158 237 16.01 2.15 7.83 0.53 1.5 126 485 198.7
villosa
Ilyocypris gibba 3 5 281 667 232 1771 03 8.05 03 271 0.75 1,279 431.2

Prionocypris zenkeri 11 100 240 1168 131 17.04 1.57 84 029 9.08 6.03 350 41.21
Heterocypris salina 6 120  1.82 1048 264 14.81 3.06 7.38 042 7.63 3.21 2,224 2984

Limnocythere 3 14 169 923 78 16.05 0.76 832 0.26 8.53 227 461 18.86
inopinata
Cypridopsis vidua 4 30 134 1314 264 184 1.78 8.62 051 82 219 166 241.8

Mean 1102 162.5 16.81 2.27 8.06 0.41 6.67 3.35 648.8 458.6
Max 1314 264 184 443 8.62 0.53 10.6 635 2224 2984
Min 667 563 1481 03 738 026 15 0.75 166 18.86
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Table 2. Summary of CCA result. First two axes explained 73.2% of the relationships between 11
species and 5 environmental variables. Rare species are down weighted and log-transformed.
*Shows the results of DCA.

Axes 1 2 3 4 Total inertia
“Lengths of gradient : 4488 4478 4.645 3.707
Eigenvalues :0.258  0.219 0.089 0.068 5.651
Species-environment correlations : 0591 0.595 0403 0.354
Cumulative percentage variance of species data : 4.6 8.4 10.0 11.2
of species-environment relation : 39.6 73.2 86.9 97.2
Sum of all eigenvalues : 5.651
Sum of all canonical eigenvalues : 0.651
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Figure 2. CCA diagrams of (a) five environmental variables (arrows) and 11 species in (b) 88 sam-
pling sites. Abbreviations (also see Suuplemental Tables S1 and S2): Cn, Candona neglecta; Cv,
Cypridopsis vidua; Hi, Heterocypris incongruens; Hs, H. salina; 1b, Ilyocypris bradyi; 1g, llyocypris
gibba; Li, Limnocythere inopinata; Pf, Psychrodromus fontinalis; Po, P. olivaceus; Pv, Potamocyp-
ris villosa; Pzi, Prionocypris zenkeri; Alt, altitude (m); DO, dissolved oxygen (mg/l); EC, electrical
conductivity (ws/cm); Tw, water temperature (°C).

Discussion

Before this study, only four nonmarine ostracod species were known from the Cankiri
region. Schafer (1952) was the first to report two species (Ilyocypris brehmi and Potamo-
cypris arcuata), and Giilen et al. (1994) listed two more species (Ilyocypris gibba and
Heterocypris salina) from Lake Kirkpinar. Note that Schafer (1952) did not give details
about his sampling locations, except that he pointed out the name ‘Ilgar — Sea’ as the
sampling site. After extensive searches regarding the location, we have not found any
location named ‘Ilgar — Sea’ (‘Ilgaz Goli’ in Turkish). Therefore, the type of localities
of I. brehmi and P. arcuata reported in 1952 by Schafer are not exactly determined. Two
of these species (I. gibba and H. salina) were again encountered in this study. Including
the earlier report, the area now comprises 27 living species.

Comparing with the other studies done in Turkey, species diversity of Cankiri is rela-
tively low. For example, the surface area of Cankir1 is about 7388 km?* where a total of
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Figure 3. Distribution of sexual (Sex)—asexual (Asex) and swimming (Swi)—non-swimming
(NoSwi) [based on the presence of swimming setae on the second antenna (A2)] among 100 m of
elevational ranges. Note to increasing numbers of a/sexual species with swimming setae from about
700 to 1200 m.

27 species are known from 122 sites. This means that about 0.22 species can be found in
each sampling site along with 0.0036 species per km?. However, these ratios differ from
the Van region (Kiilkoyliiogl, Sar1, and Akdemir 2012) where a total of 30 species from
78 sites was reported within 10,667 km? of surface area covered (note that this is half of
the actual size since almost half of the area was sampled), in which numbers of species
per sampling site was 0.38 along with 0.003 species per km?”. Similarly, numbers of spe-
cies per sampling site was 0.33 and numbers of species per km? was about 0.002 in
Diyarbakir (15,722 km?, 29 species from 90 sites) (Akdemir & Kiilkéyliioglu 2011). As
was the case in Kahramanmaras (14,346 km?, 95 sites; Kiilkoyliioglu, Akdemir, and
Yiice 2012), the number of species per sampling site was 0.33 with 0.002 species
per km?. In contrast, these values are similar between Cankirt and Adiyaman (7164 km?,
120 sites; Yavuzatmaca et al. 2015) where numbers of species per sampling site was 0.22
with 0.003 species per km®. Several abiotic factors can affect species diversity. We did
not include biotic factors in our study but we can at least mention three other factors that
likely play critical roles in shaping species diversity.

Seasonality

Our field sampling spanned only four days in September 2011. Thus, we have not
addressed any possible effects of seasonality here. However, it is well known that several
ostracods do exhibit seasonality within their life cycle (Kilkoylioglu 1998; Mezquita
et al. 2002; Kiilkoyliioglu et al. 2007; Diigel et al. 2008), and such seasonality can be spe-
cies specific. Therefore, performing sampling across more portions of the year may likely
increase the numbers of species known from the region.

Sampling effect
Low species diversity may reflect the numbers of sampling sites. We did not perform any
a-posteriori power analyses but increasing the number of sites sampled could well
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increase the number of species (i.e., a ‘sampling effect’; Hill et al. 1994). However, com-
parative analyses among this and previous studies do not support this view. For example,
in Europe, Nagorskaya & Keyser (2005) found 62 species from 156 different sites
of Belarus while Pieri et al. (2009) reported 53 living species of 74 taxa collected from
200 sites (with 320 samples) of Friuli Venezia Giulia (Italy) region. In Brazil (South
America), 54 ostracods were collected from 48 sites (with 132 samples) by Higuti et al.
(2010). In Turkey, Kiilkoyliioglu, Sari, and Akdemir (2012), Kiilkoyliioglu, Sari, Akdemir,
Yavuzatmaca, and Altinbag (2012), Kiilkoylioglu, Yavuzatmaca, Akdemir, Sar1 (2012),
and Ugak et al. (2014) reported 29, 26, 30, and 31 species from 57, 133, 68, and 152 sites
in northern Van, Ordu, Kahramanmaras, and Ankara, respectively. As seen from these
studies, increasing the number of sites sampled does not necessarily increase the number of
species detected. Nonetheless, performing species accumulation curves and sampling more
sites together may better elucidate patterns of richness.

Habitat suitability

According to Williams (1943), species richness is related to the availability of different
habitats, such that richness increases with increasing available habitats (i.e., the ‘habitat
diversity hypothesis’). The most recent studies of ostracods in Turkey (Kiilkoyliioglu,
Yavuzatmaca, Akdemir, and Sar1 2012 and Ugak et al. 2014) support this hypothesis.
Besides, similar results were found in this study but these results are not generalized
here for the following reasons. For example, different ecological conditions (e.g., water
quality) and geographical (e.g., elevation) factors or both affect species richness and
diversity. As stated above, ostracod species do have species-specific characteristics such
that each species has a range of ecological tolerance and optimum values for different
environmental variables. Among the species, cosmopolitans seem to have an advantage
over noncosmopolitans because they usually have high levels of tolerance and optimum
ranges. This is also the case in this study (see Table 1) where 10 of 11 cosmopolitan spe-
cies occurred more frequently than the other species. Besides, cosmopolitans generally
showed higher ecological optimum and tolerance values than the mean values of the spe-
cies shown in Table 1. Indeed, the CCA diagram (Figure 2) illustrates that most species
are located on the left-hand side of the diagram closer to the center while three species
were placed on the right-hand side. Among the species, I. gibba and H. salina were
located closer to temperature and EC at the ends. Thus, CCA analyses (Table 2) suggest
that Alt and EC (which may be referred to as salinity) were influential variables on
species.

Among the species, a cosmopolitan species, H. salina is known to live in a wide range
of aquatic bodies from brackish to freshwater bodies including coasts (Ganning 1971),
springs, wells (Meisch 2000; Kiilkoyliioglu and Vinyard 2000), troughs, ephemeral
ditches, and shallow water bodies. The species has a wide elevational distribution, rang-
ing from sea level to over 1316 m (Ugak et al. 2014) and this may even reach up to
2500 m (unpublished data). According to Ugak et al. (2014), the species displayed the
highest tolerance and optimum values for salinity and DO, supporting its wide range of
occurrences in different habitats. Such ability to tolerate high salinity may have historical
background. For example, Mischke et al. (2012) reported the species occurring in a wide
salinity range from Pleistocene lake sediments in the hyperarid region of Israel and Jordan
where the species did not show specific preferences for anion and/or cation dominated
waters. These previous reports are actually supported by the findings of this study where
H. salina revealed the highest tolerance (and optimum) values for EC. Previously, another
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cosmopolitan species, I. gibba, has been reported with a wide range of temperature (and
EC) values (7.5 °C to 42 °C) from almost sea level (1 m) to 3194 m of elevation
(Kiilkoyliioglu 2013). Most recently, this species was reported from a shallow lake (Lake
Cubuk, Turkey) during the Fall season (Kiilkoyliioglu et al. 2014) where the species had
the highest optimum values for turbidity, DO but lowest tolerance values for pH, redox
potential, and salinity. Although these values were found within the known ranges men-
tioned above, some of them conflict with the findings of this work. For example, we
encountered /. gibba from three different water bodies (i.e., trough, pond, and creek) with
high tolerance and optimum values for EC and Tw. The species is located on the upper
part of CCA diagram (Figure 2), closer to the arrow of Tw, supporting its affinity for tem-
perature. Hence, all these reports support its wide tolerance ranges to different environ-
mental variables but further data on its ecological preferences should be addressed to
clarify the situation.

There are two other cosmopolitan species (L. inopinata and H. incongruens) located
close to the Tw vector on the CCA diagram. Both species are well known for their wide
range of tolerance values for different environmental variables (Meisch 2000; Pieri et al.
2009). Our findings correspond to the known tolerance ranges for both species. H. incon-
gruens was the most common species, found in all types of aquatic bodies, except lake
and dam lakes, whereas L. inopinata was only found in streams and creeks. In Turkey,
L. inopinata has been more frequently reported in lentic water bodies (i.e., lakes, ponds,
etc.) than H. incongruens which is rarely reported from these habitats. However, when
the conditions are suitable, both species can also coexist in the same community.

According to Figure 2, two other cosmopolitan species (P. zenkeri and I. bradyi) are
located closer to the center of the CCA diagram. This may suggest that these species are
not affected by environmental variables used in this study due to their wide tolerances to
those variables. Indeed, 1. bradyi being the second most frequently occurring species
(found in all habitats except dam lake, wetland, and irrigation canals) showed higher tol-
erance values for EC, Tw, pH, and Alt than P. zenkeri. Unlike I. bradyi, P. zenkeri was
found in wetland, creeks, streams, and troughs. This coincides with the previous reports
as underlined by Meisch (2000). According to him, P. zenkeri prefers slow flowing waters
with rich vegetation but sometimes occurs in lakes due to passive dispersion from streams
nearby. Two other cosmopolitan species (P. olivaceus and C. neglecta) are illustrated
near the arrow of DO. C. neglecta was mostly encountered from pools, springs, creeks,
streams, and troughs while P. olivaceus was collected from springs, creeks, irrigation
canal, and troughs. Both species have been reported from the waters with relatively wide
ranges of environmental variables. For example, living adults of C. neglecta have been
collected from almost anoxic (0.32 mg/L) to oxygenated waters (15.4 mg/L) when P.
olivaceus was described from low (1.74 mg/L) to well oxygenated (20 mg/L) water bod-
ies (Kiilkoylioglu 2013). These wide spectra of oxygen values suggest distributional
succession of both species. Accordingly, elevational distribution of both species overlaps
at some levels. C. neglecta is known from 172 (Rieradevall & Roca 1995) to 3194 m
(Li et al. 2010) elevation, whereas P. olivacues can be found from almost sea level to
1380 m (Roca & Baltands 1993). Our measurements are found within these ranges.

The last three species (P. villosa, C. vidua, and P. fontinalis) are placed on the left
bottom side of CCA diagram where species are found closer to the Alt arrow. Among the
species, C. vidua and P. villosa are well known from almost sea level to 2175 and 3194 m
of elevation, respectively. C. vidua displayed wide occurrences from dam lake, ponds,
and streams and P. villosa was reported from two types of habitats such as troughs and
ponds during this study. Detailed information about their tolerance levels can be
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compared with the results of Kiilkoyliioglu (2013). Unlike these two species, ecological
information about P. fontinalis is scarce. We collected the species from ponds, springs,
creeks and troughs. This species is so far known from different types of springs (Akdemir
& Kiilkoylioglu 2011) and creeks in Turkey (Diigel et al. 2008) where the species was
reported from about 996 and 1350 m of elevation, respectively. Diigel et al. (2008)
reported the species from a relatively cool (19.8 °C to 23.9 °C), alkaline (pH 7.97 and
7.62), freshwater creek within the range of low (4.98 mg/L) to moderately (10.27 mg/L)
oxygenated water. Nevertheless, it appears that P. fontinalis has a much more limited dis-
tribution than the other two species but it tends to prefer relatively cool water bodies
related to lotic systems.

Numbers of habitat types varied among the elevational ranges. For example, there
were seven different habitats with the highest species richness (15 spp.) and number of
stations (22 stations) in the range of 1232—1332 m. In contrast, there was only one type
of habitat (wetland) with one species in one station in the range of 626—726 m. On the
other hand, regression analyses failed to show a significant relationship (p > 0.05)
between number of species and 11 habitat types (no species was recorded in the wells).
For example, there were six different habitat types in the ranges of 828—928 m and
1131—1,231 m but the number of species were 10 and 14 in these ranges, respectively.
When we looked at the relationship between numbers of habitat types and species, we
observed 15 and 14 species from 18 creeks and 35 troughs, respectively (Supplemental
Table S1). The implication of these findings is that increasing numbers of sampling sites
does not necessarily elevate numbers of species. Hence, the quantitative value of sam-
pling site (i.e., numbers of sites) may not be a good indicator for explaining species distri-
bution (and diversity) among different elevational ranges. Rather, following the
community perspective, qualitative value of the habitats (i.e., suitability of habitats) may
provide better results for such correlation. This view is also supported with CCA diagram
(Figure 2(a), Supplemental Table S2). Indeed, five species (P. villosa, 1. bradyi, C. vidua,
P. fontinalis, and P. zenkeri) seem to be closely related to elevation, located on the lower
left-hand side of the diagram where a total of 25 sampling sites with 8 different types of
habitats were listed. In contrast, 22, 10, and 16 sites were located on the upper left, upper
right, and lower right of the diagram, respectively.

Although we found significant (p < 0.01, * = 0.81) correlation between species
occurrence frequency and number of sampled sites between 549 and 1457 m, there was
no significant difference among some elevational ranges. For example, 14 and 15 species
collected from 22 sites each were found between the ranges 1131—-1231 and
1232—1332 m, respectively (Figure 3). At the same ranges, we identified almost two
times more asexual (9 and 10 spp.) species than the sexual (5 and 5 spp.) species. The
results of the elevational band with greatest richness partially correspond with the
study of Kiilkoyliioglu, Sari, Akdemir, Yavuzatmaca, and Altinbag (2012), who reported
12 and 13 species at the range of 1000—1200 and 1200—1400 m when asexual (8 spp.)
species were more than sexual (5 spp.) species. The authors also underlined the occur-
rence of both swimming and non-swimming species in all elevational ranges. During this
study, we did not find a statistical difference between the numbers of swimming (7 spp.)
and non-swimming (8 spp.) species from 1231 to 1332 m but the numbers of non-swim-
ming species were always higher than the swimming species from 828 to 1332 m.
Although swimming species were found in all elevational ranges, non-swimming species
were absent from 525 to 726 m. Despite the range differences between these two studies,
it is interesting to see a decline in about half of the numbers of sexual species. We did not
have a clear answer for why such a reduction occurred in sexual ostracods but this may
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be associated with the swimming ability of most of the asexual species. According to
Kiilkoyliioglu, Sari, Akdemir, Yavuzatmaca, and Altinbag (2012) sexual ostracods with
swimming setae may have advantage over most of the asexual species in active move-
ment. However, there are others ways of passive dispersion (e.g., birds, frogs, humans,
wind, etc.) for the asexual species. Although not certain, this may imply to find asexual
species in all elevational ranges studied in this work.

Finally, there can be several biotic and abiotic factors that can reduce species richness
in aquatic habitats at high elevation. However, it appears that the effects of such factors
do not work in the same way on ostracods. This is because ostracods display species-spe-
cific responses to different environmental factors. This study found elevation to be one of
the most important factors among the factors we investigated but such a conclusion can-
not be generalized beyond our study sites or study period. This is because ecosystems are
large and complex, and there is rarely just one factor that affects species richness and dis-
tribution. Although our current knowledge of ostracod species is still somewhat limited
in time and place, this study implies that most (if not all) of the cosmopolitan ostracod
species appear to have wide geographical distribution achieved by active or passive dis-
persal abilities that are not limited by elevation.
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