LIMNOFISH-Journal of Limnology and Freshwater Fisheries Research 7(1): 1-13 (2021)

Journal of Limnology and Freshwater Fisheries Research

(7
@.;/ / http:/ /www.limnofish.org

B ==

Effects of Temperature Changes on the Spatial Distribution and Ecology of
Ostracod (Crustacea) Species

Derya AKDEMIR™ "' Okan KULKOYLUOGLU?

Hnstitute of Geology and Mineralogy, University of Cologne, 50674, K6In, Germany
2 Department of Biology, Faculty of Arts and Science, Bolu Abant izzet Baysal University, 14280, Bolu, Turkey
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To understand the possible effects of changes in ambient temperature on spatial RESEARCH ARTICLE
distribution and ecology of ostracods, samples were randomly collected from 70

aquatic sites with 12 different habitat types from Hatay (Turkey) province during Received  :06.07.2020
the summer season of 2012. 14 of 19 ostracod species were newly reported for Revised -21.09.2020
the province. The first two axes of CCA explained 79.7% of the cumulative )

variance of the relationship between the 12 most common species and five Accepted  :22.03.2020
environmental variables. Accordingly, water temperature and electrical Published  :29.04.2021
conductivity were the most effective factors on species occurrences (p<0.05).
Estimating ecological optimum and tolerance values of species revealed that
Herpetocypris chevreuxi and Cypridopsis vidua displayed the lowest and highest "
tolerance values for water temperature, respectively. TWINSPAN results CORRESPONDING AUTHOR
illustrated that ostracod species can be used to determine characteristics of habitat
conditions. Indeed, the co-occurrence of H. chevreuxi with one or more
cosmopolitan species is the indication of an increase in salinity and temperature
values. Results suggested that temperature changes can cause critical alteration in
shallow water bodies where species with lower ecological tolerances will
eventually be negatively affected. Therefore, such species, which may be called
“potential candidate species for local extinction” will either be eliminated from
the habitats in short term or become extinct in long term.
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Sicaklik Degisimlerinin Ostrakod (Crustacea) Tiirlerinin Mekansal Dagilim ve Ekolojisi Uzerine Etkisi

Oz: Ortam sicakligindaki degisimlerin ostrakodlarin mekansal dagilimi ve ekolojisi iizerindeki olas: etkilerini anlamak igin, 2012
yazinda Hatay (Tiirkiye) ilinden 12 farkli habitat tiiriine sahip 70 su sahasindan rastgele drnekler toplanmustir. Elde edilen 19 tiirden
14 tanesi Hatay i¢in yeni kayittir. CCA’nin ilk iki ekseni en yaygin 12 tiir ile bes ¢evresel degisken arasindaki iligkinin toplam
varyansinin %79,7'sini agiklamigtir. Buna gore, su sicakligi ve elektriksel iletkenlik tiirlerin olusu tizerinde en etkili faktorlerdir
(p<0,05). Tiirlerin ekolojik optimum ve tolerans degerlerine gore, Herpetocypris chevreuxi ve Cypridopsis vidua su sicakligi i¢in
sirasiyla en diisiik ve en yiiksek tolerans degerlerini gostermigtir. TWINSPAN sonuglari, ostrakod tiirlerinin habitat kogullarinin
ozelliklerini belirlemek icin kullanilabilecegini gostermistir. Ozellikle H. chevreuxi'nin bir veya daha fazla kozmopolit tiirle birlikte
bulunmasi, tuzluluk ve sicaklik degerlerinde bir artisin gostergesidir. Sonuglar, 6zellikle s1g su kiitlelerinde kritik degisiklige neden
olabilen sicaklik degisiklikleri nedeniyle diisiik ekolojik toleransl tiirlerin olumsuz etkilenecegini diigiindiirmektedir. Bu nedenle,
“yerel yok olma i¢in potansiyel aday tiirler” olarak adlandirilabilecek bu tiirler ya kisa donemde habitatlardan elenecek ya da uzun
donemde nesli tilkenme tehlikesiyle kars1 karsiya kalacaktr.

Anahtar kelimeler: Ekoloji, Ostracoda, gosterge tiir, yerel yok olma, Tiirkiye
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Introduction etal. 2019) due to climatic and anthropogenic factors.

Extinction is not one inevitable result that The loss of biodiversity is especially noticeable in
organisms must face. However, it is a fact that most ~ freshwater ecosystems. Because, cumulative effects
(if not all) species are under the threat of global of climate change and human-induced factors (e.g.,
and/or local extinction (Black et al. 2001; Eisenhauer ~ land-use change, destruction, overexploitation) cause
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changing in flow regime and chemical composition
of freshwaters (Dudgeon et al. 2006; Ertiirk 2012;
Leigh 2013). Consequently, this situation leads to
critical alteration in species composition in a habitat
and/or geographic distribution of species (An et al.
2013; Finlayson et al. 2013). Because, when species
are faced with changes, most (if not all) of them will
not be able to develop fast responses enough to the
new environmental conditions. While the species
may have a chance to survive as they fit the new
conditions by different adaptation abilities, the
others, which have restricted ecological ranges, may
either become more vulnerable or die out.

Invertebrate animals, playing an important role in
the continuous function of ecosystems, are examples
of facing threats of extinction or rapid decline in their
numbers (Benateau et al. 2019). Indeed, examples of
human effect coped with local climatic factors have
been illustrated in aquatic habitats along with rapid
loss of invertebrates. For example, levels of response
to climate change conditions were found various
among different benthic invertebrates and four
ecoregions in 26 European streams and rivers
(Jourdan et al. 2018). Of which, an abundance of
sensitive Plecoptera was declined during warmer
years while the abundance of Ephemeroptera was
increased in northern regions. Besides, Jourdan et al.
(2018) found a significant increase in the abundance
of invasive species with an increasing number of
harsh days induced by climatic changes.

Of invertebrates, Ostracods (Ostracoda:
Crustacea) are one of the diverse and abundant
taxonomic groups with about 65000 fossil and living
species (Kempf 1980, 1997). There are about 2300
subjective non-marine species distributed worldwide
(Meisch et al. 2019). They are also an
important element in the food chain in shallow
aquatic bodies (Mesquita-Joanes et al. 2012) and
work as key species on production and community
metabolism of micro- or mesocosm freshwater beds
(Ruiz et al. 2013). Having with wide global
distribution in a variety of aquatic habitats, ostracods
are considered to provide supportive evidence for
environmental changes because of their species-
specific habitat preferences and different levels of
ecological tolerance and optimum ranges.

Combining  developing  technology  with
historical and palaeoclimatological data can help to
produce future climate change scenarios.

Accordingly, different future climate estimation
models showed that the climate of the world with an
increase in temperature and a shift in precipitation
patterns has already changed (IPCC 2007). In
Turkey, mean air temperature is foreseen to increase
between 1°C-2°C in 2016-2040 and 1.5°C-4°C in
2041-2070, while rainfall trends are less predictable

with possible increases and decreases in average
precipitation rates (Demircan et al. 2017). Ragab and
Prudhomme (2002) projected that amount of
precipitation will decrease, and temperature will
increase by about 1.75-2.5°C by the year 2050 for the
Mediterranean region. In potent climate fluctuations
especially the precipitation changes, in some areas
such as the Mediterranean region of Anatolia where
our study area Hatay province is located, is one of the
susceptible areas in Turkey (Karabulut 2009).

Aside from these, Hatay province was chosen as
a study area since there has been no spatially
extensive and comprehensive study asking the
relationship between temperature changes and their
effect on ostracod assemblages. Hence, this study
aimed to (i) investigate correlation between the
effects of ecological changes (e.g., temperature) and
distribution of individual ostracod species, and (ii)
estimate species ecological tolerance and optimum
values along with determining their indicator values.

Materials and Methods

Hatay province with a surface area of 5403 km?
is bordered by Syria and the Mediterranean Sea on
the south-eastern and western sites, respectively
(Figure 1). Having with Iskenderun and Antakya
ports, it is one of the heavily industrialized districts
on the Mediterranean coast. Besides, organized
industrial zones located around the sea, freshwater,
and terrestrial ecosystems have negative effects on
natural sources in its environment. Because of its
location in the southern part of Turkey, the city is
under the influence of the Mediterranean climate
characterized by very hot, long, and dry summers
with cool rainy winters. Samples were randomly
collected from 12 different inland water bodies (lake,
dam, pond, pool, trough, ditch, irrigation canal,
creek, stream, river, waterfall, and spring) in 70 sites
located at about sea level (11 m) to 740 m a.s.| of
elevations. Since July and August are the hottest
months of the region, we thought that sampling
between 31 July and 7 August 2012 might be better
to show the utmost effect of the air temperature on
water bodies. Thus, materials were collected with a
plankton hand net (200 pm in mesh size) from each
site and stored in 250 ml of a plastic container with
70% ethanol. Then, the material was filtered over
four standard sieves (1.5, 1.0, 0.5, and 0.25 mm) and
ostracods separated from sediment with fine needles
under the Meiji-Techno stereo microscope in the
laboratory. Species description was done based on
soft body parts and carapace, which are dissected and
preserved in Lactophenol — Orange G solution, under
the Olympus CX-41 light microscope by using
different taxonomic works (Broodbakker and
Danielopol  1982; Karanovic 2006, 2012;
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Meisch 1984, 1985, 2000). All forms of the species
are preserved at the Limnology Laboratory of Bolu
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Figure 1. Total of 70 different sampling sites located in the Hatay province (Turkey)

During the sampling, we used a GPS 45 XL for
recording the coordinate and elevation of each
sampling site. While air temperature (Ta, °C) and
moisture (Moi, %) were measured by Testo
410-2 model of anemometer, water temperature (Tw,
°C), pH, dissolved oxygen (DO, mg L), saturation
(S, %), salinity (Sal, ppt), electrical conductivity
(EC, uS cm™) and total dissolved solids (TDS, mg L)
were measured by YSI Professional Plus Series
in situ. The physicochemical and geographical
data of stations along with distributions of
the obtaining species were shown in the
Appendix.

Shannon-Wiener (H*) was calculated via Species
Diversity and Richness, version 4 program (Seaby
and Henderson 2006) to examine the species
diversity within different habitat types. Canonical
Correspondence Analysis (CCA) along with Monte
Carlo permutation test (499 permutations) was used
to determine the most effective environmental
variable(s) on species (ter Braak 1986; ter Braak and

Verdonschot 1995). Suitability of CCA was tested
with a priori analysis of DCA (Detrended
Correspondence Analyses). Length of DCA (>3)
suggests possible linear correlation and suitability of
the data for CCA. To reduce the influence of
multicollinearity and arc-effect, rare species were
automatically down-weighted, and the data was
log-transformed by the program of Canoco 4. C2
program was used to calculate ecological tolerance
and optimum values of individual ostracod species
(Juggins 2003). In all statistical analyses, live adults
occurred in at least three different samples were used
while juveniles, damaged individuals, and sub-fossils
were excluded from the analyses. We used Two Way
Indicator Species Analysis (TWINSPAN) to estimate
the indicator values of individual ostracod species
among the habitats in the Community Analysis
Package program (CAP 4.1.3) (Seaby and Henderson
2006). This method provides a clustering relationship
among the habitats distinguished by species with
positive or negative indicator values.
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Results P. olivaceus, P. fontinalis, P. fallax, P. variegata,

Total of 19 ostracod species [Darwinula Z. costata, L. cf. stationis) are new records for this
stevensoni (Brady & Robertson 1870), Neglecandona ~ area. Among the species, finding a bisexual
neglecta (Sars, 1887), Pseudocandona albicans population of I. inermis (Sari et al. 2012) is important
(Brady, 1864), Cypridopsis vidua (Miiller, 1776),  to extend the known geographical distribution of the
Prionocypris zenkeri (Chyzer & Toth, 1858), species toward the southern parts of Turkey.
Ilyocypris inermis Kaufmann, 1900, I. monstrifica The distribution of habitat types along with a
(Norman, 1862), I. bradyi Sars, 1890, Heterocypris  total number of species and numbers of individuals
salina (Brady, 1868), H. incongruens (Ramdohr, among the sampling sites at different elevational
1808), Herpetocypris intermedia Kaufmann, 1900, ranges were shown in Table 1. According to this, both
H. chevreuxi (Sars, 1896), Psychrodromus olivaceus ~ abundance values and numbers of species were
(Brady & Norman, 1889), P. fontinalis (Wolf, 1920),  found to show a gradual decrease with increasing
Potamocypris fallax Fox, 1967, P. variegata (Brady  elevation. Besides, the majority of the stations
& Norman, 1889), Zonocypris costata (Vavra, 1897), (21 stations) with the highest habitat diversity
Limnocythere cf. stationis Vavra, 1891 and Cyprideis (9 types) were found in the range of 101-200 m a.s.l.
torosa (Jones, 1850)] were found 58 of 70 sites from  The highest species numbers (13 species) were
the study area (Appendix). Additionally, carapaces of ~ observed at 0-100 m and 201-300 m, even though the
two marine ostracods (Pokornyella sp. and  numbers of stations were significantly different with
Tenedocythere sp.) were obtained from spring water 18 and 11 sites, respectively. On the other hand, the
(St. No. 14). Of the species, 14 species highest number of individuals (abundance) was
(D. stevensoni, N. neglecta, P. albicans, C. vidua, calculated for 301-400 m with seven sites and 1616
P. zenkeri, 1. inermis, 1. monstrifica, H. intermedia,  individuals.

Table 1. Distribution of habitat types, the total number of species and individuals according to their grouped elevations
with Shannon-Wiener index results for 12 different habitat types

0-100  101- 201- 301- 401- 501- 601- 701- No. No. ot Var. Exp.
m 200m 300m 400m 500m 600m 700m 800m Sta.  Spe. 5 i 5 i

Spring 5 1 2 1 1 10 7 1.758 0.029 5.802
Ditch 1 1 0 0 0 1
Creek 4 4 7 1 1 2 1 20 15 2473 0.014 11.86
Stream 3 2 1 1 1 8 11 2282 0.031 9.8
River 2 2 1 0 0 1
Lake 1 1 2 1 0 0 1
Dam 1 1 2 1 0 0 1
Pond 1 2 1 2 1 7 4 1.386 0.093 5
Pool 1 1 5 1.609 0.08 4
Waterfall 1 1 2 0.693 0.125 2
Canal 6 4 1 11 6 1.643 0.053 5.173
Trough 1 1 1 1 5 4 1.255 0.051 351
No. Sta. 18 21 11 6 5 4 1 70
No. Hab. 7 9 5 5 3 4 1
No. Spe. 13 10 13 7 6 6 2
No. Ind. 415 328 535 1616 380 174 404 24
All Sample Index 2.546
Jackknife Std Error 0.116

Abbreviations: No. Sta., number of stations; No. Hab., number of habitats; No. Spe.1, number of species; No. Ind., number of individual
(abundance) for each of elevational ranges and habitat types; H’, Shannon-Wiener Index value; Var. H’, variance H’; Exp. H’,
expected H’

Among the habitat types, creeks displayed the The first two axes of CCA diagram
highest species diversity (H’= 2.473) (Table 1). explained about 79.7% of the relationship between
Following creeks, species diversity was found  cumulative percentage variance of species and
high in streams (H’= 2.282) and spring (H’= 1.758)  environmental variables. Eventually, the most
waters. influential factors on species were water temperature
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(P= 0.002, F= 4.327) and electrical conductivity

(P=0.014, F= 2.562) (Figure 2 a, b).
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Figure 2. (a) The most effected environmental variable(s) on species according to CCA, (b) distribution of 12 species,
occurred three or more times, with sampling sites
Abbreviations of environmental variables and species are shown in the Appendix.

According to the tolerance and optimum estimate
values (Table 2) of the species, two species
(H. incongruens and H. salina) displayed the highest
tolerance values for dissolved oxygen and salinity

and P. albicans showed the highest values for water
temperature and pH, respectively. H. chevreuxi
known as a pure freshwater species showed the
lowest tolerance for water temperature (t= 1.29) and

(referring to electrical conductivity) while C. vidua  conductivity (tk = 75.85).

Table 2. Ecological tolerance (tx) and optimum (ux) values of 12 species which were occurred three or more times
(pH, Tw, DO, EC, Sal.) with maximum, minimum, and average levels for five environmental variables.

pH Tw DO EC Sal.
Code Count N2 Uk 1k Uk 1k Uk 1« Uk T« Uk t«
HC 3 1.3 742 039 2254 129 3.04 269 804.96 75.85 041 0.09
PA 3 1.32 767 0.54 2193 569 354 153 83338 17986 043 0.14
Hint 3 1.85 8.28 0.3 2378 459 6.08 368 84862 386.37 041 0.24
PO 17 3.35 795 041 1695 3.3 751 248 45204 237.05 025 0.13
PF 4 2.64 786 0.25 18.83 3.48 6.76 14 620.28 173.19 0.34 0.11
CN 6 1.74 7.74 049 2039 274 481 3.06 719.29 16561 0.38 0.13
HI 12 291 799 0.38 27137 4.7 6.25 5.83 1512 534.34 0.72 0.29
HS 18 1.8 833 043 3139 769 127 571 16248 560.26 0.7 0.29
Ccv 4 2.15 822 0.13 2356 8.97 9.3 199 63266 29296 03 0.15
IB 11 2.77 7.66 0.35 1834 318 649 126 50697 17202 0.26 0.08
1 11 3.97 798 0.35 223 658 872 175 61477 24031 03 011
IM 6 2.13 771 031 25,75 195 648 225 11611 13623 057 0.84
Mean 7.9 0.36 22.76 451 6.81 2.8 860.9 365.01 042 0.22
Max 833 054 3139 897 127 583 16248 13623 0.72 0.84
Min 742  0.13 16.95 129 3.04 1.26 452.04 75.85 0.25 0.08
Std Error 0.28  0.11 4063 234 261 156 379.54 3478 016 0.21

Count and N2 imply numbers of species occurrence and Hill’s coefficient (a measure of the effective number of
occurrences), respectively. Abbreviations for species and environmental variables were given in the Appendix.

TWINSPAN

results

outlined

that

species

(e.g., H. chevreuxi) with certain indicator values

can be used to discriminate characteristics of habitats

(Figure 3).
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Figure 3. Twinspan dendrogram. Species are clustered into three groups (I-111) while habitats are shown in each node of
division. Positive (+) and negative (-) values in parentheses represent the right and left sides of the branch. For

abbreviations see Appendix.

Discussion

Hartmann (1964) was the first to report five
ostracod  species [Heterocypris incongruens,
Heterocypris. salina, Ilyocypris bradyi,
Herpetocypris  chevreuxi and  Potamocypris
zschokkei (Kaufmann, 1900)] from the province.
Then after, Giilen (1985, 1988) found five more
species in addition to H. salina [Candonopsis
kingsleii (Brady & Robertson, 1870), Eucypris virens
(Jurine, 1820), Cypris pubera Miiller, 1776,
Tonnacypris lutaria (Koch, 1838), Cytherissa
lacustris (Sars, 1863)]. Most recently, Ozulug and
Kilig (2002) listed one more species Costa edwardsii
(Roemer, 1838), which is especially known with its
preference of marine waters but can also be found in
brackish waters (Meisch 2000). Four of these species
(H. incongruens, H. salina, |. bradyi and
H. chevreuxi) were also found during the present
study. Combining the species with our 19 ostracods,
total numbers of freshwater ostracods of Hatay
province increased to 26.

Finding 15 of 19 species from the creeks
corresponds to highest species richness (H’= 2.473)
in these habitats. According to Connor and McCoy
(1979) more species can be encountered with
increasing sampling sites in wider areas. This
suggests that there can be a positive correlation
between the numbers of species and sampling sites.
Thus, the fact that more species were encountered in
creeks may be related to the high numbers of
sampling efforts (20 out of 70 sites). On the other
hand, numbers of samples alone cannot explain
relatively high species diversity in different habitat
types. For example, streams also had high diversity
with 11 species, collected from only 8 different sites

(Table 1). In such a case, we assume that habitat
suitability may also play an important role in species
diversity and distribution.

In general, the highest number of species was
found at low elevations when the least number of
species was found at high elevations. According to
Rapoport’s Rule (see e.g., Stevens 1992), numbers of
species decrease with increasing elevation. The
results of this study do not correspond to the
assumption of the rule due to differences in the
numbers of stations and habitat types that the greater
part of the stations with more different sampling sites
were already situated at low elevations. On the other
hand, the situation can be explained with the “habitat
diversity hypothesis” (Williams 1943) and then with
ecological features that individual species showed.
Some species (e.g., H. incongruens) with wide
tolerance levels to different environmental variables
exhibited a wide geographical distribution in a
variety of habitats. These species so-called
“cosmoecious species” (Kiilkoyliioglu 2013) usually
display elevation free distribution. For example,
during the present study, H. salina was reported from
almost all elevations. In contrast, stenoecious species
(e.g., H. chevreuxi) with a narrow tolerance levels to
some of those environmental variables are of limited
distributional ranges. This may imply that such these
species do have advantages over other species.
However, cosmoecious species concept does not
include biological factors on species distribution that
is probably effective with the arrival of species into a
new area. As stated above, water temperature plays
an important role for water quality and life in aquatic
ecosystems (Morril et al. 2005). Besides, herein as
illustrated in CCA diagram showed that water
temperature was the most effective factor on species
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distribution (p< 0.05). In reality, changes in water
temperature are relatively slower and narrower
interval ranges than the air temperature due to
physicochemical properties of water bodies (Odum
and Barrett 2005). This is generally (and especially)
true for deep waters. However, in the present study,
ostracods were collected from shallow aquatic
habitats which are more prone to the influence of
changes in air temperature. This supports the idea of
Preud’homme and Stefan (1992) that predictions can
be better for shallow water bodies than a deeper one.
In this way trends of water and air temperatures in
each site were changed almost parallel to each other.
Following such changes, most of the ostracod species
must deal with the new conditions, to which that the
species with high tolerances will have better adapted.
For instance, when a freshwater habitat is altered to
hypersaline waters due to increasing temperature
gradients,  Cyprideis torosa can  survive
approximately 30 days in dormant form (Meisch
2000), but stenoecious species can suffer from this
change.

In this study, estimating ecological optimum and
tolerance values of species revealed that H. chevreuxi
displayed low tolerance values for water temperature
(t= 1.29) and conductivity (tx= 75.85) (Table 2). This
species usually prefers stagnant waters in Turkey but
there is not much ecological data about it. In a recent
study, H. chevreuxi was found among those with low
tolerance value for temperature and dissolved oxygen
in the shallow waters of Bolu (Turkey)
(Kiilkoyliioglu and Sar1 2012). If the current climatic
scenarios are correct, one may consider that
H. chevreuxi will possibly the first species put under
the risk of local extinction in this region due to its low
tolerance level for water temperature (t= 1.29).
According to Meisch (2000), the species can be
considered as pure freshwater species and its co-
occurrence with one or more halophilic ostracods
(e.g., Heterocypris salina) indicates an increase in
salinity levels of that water body. Our results support
this view that H. chevreuxi was found from five
different sampling sites where the species was
commonly found with one or more of those
cosmopolitan ~ species  (e.g., H.  salina,
H. incongruens, 1. bradyi, C. vidua) which are known
to tolerate different levels of environmental
variables, including high levels of salinity changes.

The first two clustering groups in TWINSPAN
are separated from group 111 (Figure 3) with five sites
where all sites (numbered as 18, 19, 37, 68, 70) were
creeks. The species, H. chevreuxi, was only found in
site 18 where the electrical conductivity value was
over the freshwater range (EC 789 puS/cm). This may
partially reinforce the idea that site 18 can be under
the effect of increasing salinity. Six species (except

H. incongruens) in group | have rare occurrences in
creeks while species in group Il have a wide
distribution in several different habitat types
characterized in freshwater ranges. Supporting
evidence can be provided to generalize this result.
Considering the dissolved oxygen level, a similar
situation is applied to some of the species such as
I. bradyi and P. fontinalis with low tolerance levels
to dissolved oxygen as t= 1.26 and t= 1.4,
respectively. One might reasonably think that since
the two species have similar tolerance levels, they are
in some sense ecologically equivalent. The same idea
may be applied to other species with similar
occurrences. Also, C. vidua showed a relatively low
tolerance (tk= 1.99) level for oxygen tolerance. Kiss
(2007) explained that a low density of C. vidua was
related to its low tolerance value for poorly
oxygenated waters despite its high ecological
tolerance levels. Unlike these species, the optimum
and tolerance levels of cosmopolitan species such as
N. neglecta, H. incongruens, and H. salina were
generally higher than the mean values for 12 species
(Table 2). Therefore, such species can be considered
to tolerate fluctuations in temperature changes and
other ecological factors as well.

In conclusion, inland waters, especially the
shallow water bodies, are critical for species
conservation,  biogeochemical  cycling, and
hydrological management even though they occupy
an only a small portion of the Earth (An et al. 2013;
Zhang et al. 2020). However, because of current
temperature changes elevated by human activities,
ecological features of many aquatic habitats have
been changed, causing a critical alteration in species
composition and their geographic distribution (An et
al. 2013; Finlayson et al. 2013). Additionally, it is,
however, expected that some ostracod species with
low tolerance levels to ecological changes can be
affected by such temperature changes earlier than
those with high tolerance levels. To make an
assumption about which ostracod species can be
disappearing in the future (or which will have more
chance to survive) is important in terms of the
determining of inland waters dynamics due to
changes in the structure of biological communities
which affect freshwater ecosystem processes
negatively (Dudgeon et al. 2006). Nevertheless, long-
term studies are required to use ostracods as an early
warning sign of changes in shallow-water habitats.
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Appendix.

Some of the physicochemical and geographical data of stations and distribution of species. Abbreviations: St. No., station number; El., elevation (m); Tw, water temperature (°C); DO,
dissolved oxygen (mg LY); S, saturation (%); EC, electrical conductivity (uS cm™); Sal., salinity (ppt); TDS, total dissolved solids (mg L™); Moi., moisture (%) NA, not available.
Species codes: DS, Darwinula stevensoni; NN, Neglecandona neglecta; PA, Pseudocandona albicans; HI, Heterocypris incongruens; HS, Heterocypris salina; CV, Cypridopsis
vidua; PZ, Prionocypris zenkeri; IB, Ilyocypris bradyi; I, Ilyocypris inermis; IM, Ilyocypris monstrifica; HC, Herpetocypris chevreuxi; Hint, Herpetocypris intermedia; PO,
Psychrodromus olivaceus; PF, Psychrodromus fontinalis; Pfa, Potamocypris fallax; PV, Potamocypris variegata; ZC, Zonocypris costata; LS, Limnocythere cf. stationis; CT,

Cyprideis torosa; Pok.sp., Pokornyella sp.; Ten.sp., Tenedocythere sp. Note that species with italic represent sub-fossil (carapace or valves) forms.

St. No St. Name Latitude N Longitude E El Tw Ph DO S EC Sal. TDS Ta Moi. Species codes
1 Karamanli Pond 36° 10.109' 036° 01.888' NA 295 849 6.01 767 5920 026 0351 308 565 IB
2 Bati Ayaz Creek 36° 09.606' 036° 00.799' NA 284 869 732 983 4969 022 0300 347 633 NN, IB, II, PO
3 Hidir Bey Creek 36° 07.767' 035° 58.311" 162 15.7 7.61 8.07 833 2971 020 0.234 324 63.7 HS, IB, PO
4 Irrigation Canal 36° 06.910' 035° 58.496' 159 193 7.77 615 66.7 3262 018 0238 308 703
5 Small Ditch Water 36° 06.598' 035° 58.610' 117 16.6 7.70 9.42 97.3 2958 0.17 0.228 31.8 74.5 HS, IM, CT
6 Asi River 36° 04.710'  036° 00.742' 11 303 860 136 1906 1076 0.48 0.637 369 57.2 HS, IB, PO, CT
7 Leylekli Creek 35° 57.818' 036° 02.863' 522 171 7.44 6.1 63.7 635 0.31 0409 28.0 65.6 PO
8 Through 35° 57.237 036° 03.562' 551 16.7 7.33 7.81 775 4153 024 0320 315 65.6 LS
9 Leylekli Dam Lake 35° 56.730' 036° 03.536' 490 294 8.55 5.24 689 439.7 019 0.262 344 57.8 IB, I, PV
10 Devrent Creek 35° 54.547 036° 01.833' 426 20.0 7.28 2.71 32.1 630 0.34 0448 304 61.4 HI
11 Kureysi Creek 35° 54.268' 036° 03.108' 389 29.1 7.92 1.67 22.0 697 0.31 0402 30.0 66.7 NN, CV, IB, II,PO
12 Yayla Kastali Through ~ 35° 56.730' 036° 03.536' 490 14.9 8.19 8.96 89.0 2919 0.17 0235 293 65.1 PO, PFa
13 Harbiye Waterfall 36° 07.755' 036° 08.613' 252 17.3 8.31 9.20 95.3 413 0.23 0314 299 69.4 I
14 Spring Water 36° 06.901' 036° 07.466' 282 16.6 7.59 9.13 93.3 396 0.23 0306 29.9 70.8  IM, Pok.sp., Ten.sp.
15 Narlica Creek 36° 14.756' 036° 14.581" 149 253 7.60 7.10 86.4 684 0.33 0442 315 65.3 DS
16 Irrigation Canal 36° 15.250' 036° 18.965' 115 30.8 7.67 177 2316 1217 054 0.708 33.0 58.2 HI, HS, IM
17 Through 36° 13.981 036° 21.320' 91 254 7.74 4.67 58.0 1747 0.88 1131 318 61.2 NN, PA, HS, PO
18 Oglakdren Creek 36° 16.970' 036° 08.086' 242 20.8 7.57 3.66 41.5 789 042 0559 333 60.5 HS, IB, HC, PO
19 Kiigiik Creek 36° 16.748' 036° 07.188' 267 24.0 7.94 6.52 79.1 606 0.29 0396 323 61.1 PA, PZ, HC
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(Appendix continued)
St. No St. Name Latitude N LongitudeE El. Tw Ph DO S EC Sal. TDS Ta Moi. Species codes
20 Karlisu Central Irrigation Pond 36° 17.026' 036° 06.366' 358 30.0 8.70 5.67 75.3 580 0.26 0.344 32.0 49.2 I
21 Kisecik Creek 36° 17.152' 036° 02.940" 658 234 843 6.20 73.5 574 029 0.383 355 497
22 Asi River 36° 10.117' 036° 07.827' 59 289 814 7.33 93.4 1221 056 0.741 333 53 HS
23 Gorentag Through 35° 55.036 036° 08.859" 605 23.6 7.95 6.85 83.0 679 034 0455 334 381 IM
24 Gorentag Pond 35° 54.807 036° 09.743" 524 28.3 855 8.25 994 4018 0.18 0.245 373 333 CV,IB
25 Giivegei Pond 35° 53.508' 036° 09.337" 529 30.7 8.76 8.73 117.7 555 0.24 0.325 353 50.0 HI, 1B
26 Yalaz Pond 35° 56.135' 036° 06.287° 740 28.3 8.38 6.23 80.1 3611 0.16 0.221 37.0 264 HI, HS
27 Kozkalesi Through 36° 06.221' 036° 11.700° 374 345 8.49 15.03 217 1941 0.81 1.066 351 265 HS, HC
28 Kuseyri Creek 36° 06.607 036° 13.785" 252 223 7.35 253 29.5 831 043 0572 336 419 HS, HC
29 Tokacli Creek 36° 06.507 036° 14.913" 231 248 7.69 5.23 67.0 818 040 0.533 34.0 51.9 CT
30 Yarseli Dam Lake 36° 08.554" 036° 19.148" 177 29.6 8.08 6.86 91.2 855 0.38 0.513 35.0 495
31 Irrigation Canal 36° 16.271 036° 23.918' 93 284 7.78 3.72 48.1 1209 0.66 0.741 343 50 HI, IM
32 Afrin Irrigation Canal 36° 18.764" 036° 24.655" 109 272 819 341 445 963 045 0.598 346 46.9 I
33 Akpmar Creek 36° 25.939' 036° 31.810" 92 222 7.68 6.71 72.2 682 035 0468 31.8 525 1B
34 Spring Water 36° 22.664" 036° 35.671" 114 295 756 4.29 56.4 804 036 0481 NA 516 I, PO
35 Spring Water 36° 22.574' 036° 35.675" 114 244 7.22 2.89 34.6 727 036 0474 373 516 HI
36 Spring Water 36° 22.433' 036° 35.753' 111 348 6.84 144 21.9 2743 140 1.781 40.3 492 HI, CV, IB, II, LS
37 Afrin Stream 36° 18.259' 036° 32.796' 85 284 822 9.96 128 815 0.37 0494 413 336
38 Yenigehir Lake 36° 14.173' 036° 34.165' 177 29.8 8.11 6.92 94.4 622 0.27 0370 352 398 IM, PZ
39 Murat Pasa Irrigation Canal 36° 23.497 036° 24.828' 98 331 801 740 1078 9205 436 5187 375 405 HS
40 Comba Irrigation Canal 36° 25.794' 036° 23.026' 76 321 816 4.39 59.7 1418 0.64 0.851 353 37.7 CT,HS, IB
41 Deli Stream 36° 52.846' 036° 13.957' 98 19.6 841 877 97.2 520 0.28 0.377 322 594
42 Spring Water 36° 53.218' 036° 14.947° 132 NA NA NA NA NA NA NA 313 596 HS, PF
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(Appendix continued)

St. No St. Name Latitude N LongitudeE EIL Tw Ph DO S EC Sal. TDS Ta Moi. Species codes
43 Spring Water 36° 53.218' 036° 14.947' NA 199 791 7738 7.22 797 044 0572 NA NA PO
44 Sulu Creek 36° 52.654' 036° 14.841' 207 225 848 7171 89 561 0.29 NA 32.2 56.9 HS, HI, IB
45 Irrigation Canal 36° 57.232' 036° 14.669' 295 23.3 847 9.07 108.6 1133 058 0.767 371 46.3 NN, HS, 11, PO
46 Acisu Spring Water 36° 57.564' 036° 15.878' 391 194 7.85 104.7 9.36 1115 0.62 0.812 320 61.2 HI, PZ, 11
47 Issos Creek 36° 58.325' 036° 07.425' 62 322 844 511 71.3 674 025 0.383 379 61.2 I
48 Virgin Mary Spring Water ~ 36° 43.852" 036° 16.043' 601 16.0 8.14 9.42 95.8 501 0.30 0.39%6 304 71.2
49 Creek 36° 26.668'" 036° 17.119' 298 26.3 8.46 7.98 99.3 4196 NA 0266 359 50.1
50 Karasu Stream 36° 30.265' 036° 24.717° 181 252 8.11 6.16 73.6 796 0.39 0513 344 45.1 PO
51 Irrigation Canal 36° 30.361'" 036° 26.209° 131 27.6 8.04 4.06 55.3 670 0.31 0416 36.5 40.4
52 Irrigation Canal 36° 28.350° 036° 28.881' 91 294 7.74 2.28 30.9 769 0.34 0461 38.1 48.4 CT
53 Irrigation Canal 36° 32.698'" 036° 27.946" 88 258 8.16 5.68 70.7 617 0.29 0.39% 41.2 444
54 Giilbas1 Lake 36° 30.193' 036° 29.667° 89 30.0 7.85 1233 9.19 787 0.35 0.469 40.2 27.8
55 Irrigation Canal 36° 30.713'" 036° 25.767° 92 304 8.24 6.53 88.9 635 0.28 0377 40.1 50.1 I
56 Creek 36° 33.420° 036° 27.629° 87 269 8.07 5.93 4.7 614 0.29 0.383 388 44.1 PO, PF
57 Camsar1 Pond 36° 34.236" 036° 26.957" 94 265 8.22 6.86 73.5 649 0.30 0.409 423 38.8 HI
58 Giizelce Through 36° 35.023' 036° 24.879' 107 249 814 151 12.42 594 0.29 0.390 419 38.8 HI
59 Irrigation Canal 36° 37.586" 036° 27.233' 142 19.8 7.90 8.98 98.9 598 0.32 0435 376 38.4
60 Karapinar Creek 36° 41.147 036° 29.728' 216 26.8 8.13 109.1 8.79 450.6 0.21 0.292 38.9 36.9 PF
61 Stream 36° 40.173'" 036° 31.623' 202 199 8.29 8.04 89.6 3453 0.18 0.248 47.9 24.8 DS
62 Hopiiren Stream 36° 46.743' 036° 33.292' 336 26.0 8.21 8.28 104.6 663 0.31 0422 393 24.8 PO, PF, 1l
63 Incesu Spring Water 36° 47.598' 036° 30.837' 427 16.3 7.67 55.2 5.15 4846 0.28 0378 36.2 335
64 Cakalli-Topbogaz1 Pond 36° 27.003' 036° 16.203 180 26.8 8.47 7.66 96.3 417.7 019 0.262 305 61.5 HI
65 Serinyol Creek 36° 22.080" 036° 11.426' 177 247 7.86 5.36 67 765 0.37 0500 32.0 49.1 i1, PO
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(Appendix continued)

St. No St. Name Latitude N Longitude E El. Tw Ph DO S EC Sal. TDS Ta Moi. Species codes
66 Bakras Spring Water 36° 25.598' 036° 13.259' 361 222 866 806 921 844 044 0578 350 412 NN, HS, IB, Hint, PO
67 Fengin Stream 36° 25.769' 036° 08.786' 679 217 840 7.57 87 608 030 0403 319 479 NN, HS, PO, ZC
68 Benli Creek 36° 26.805' 036° 10.358' 501 227 844 829 971 755 039 0513 315 398 HS, Hint
69 Sariseki Stream 36° 39.912' 036° 12.960' 40 283 7.68 6.27 823 1555 0.73 0949 335 475 PA, HI, CV, Hint
70 Biiyiikdere Creek 36° 31.837 036° 02.383' 23 285 813 156 19.2 1335 0.62 0.812 393 444




