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ABSTRACT. Aquatic habitats are threatened by human activities in Turkey. These threats can lead to changes in ecological condi-
tions and community composition of ostracod species. Overall, reduction in habitat quality may increase the number of tolerant
(e.g., generalist) species in relation to the number of native (e.g., specialist) species. This phenomenon is called pseudorichness and
is also characterized by a critical increase in the total numbers of colonial bacteria. A total of 16 ostracod species were encountered
in Lake Abant (Bolu, Turkey) and its environs between 2001 and 2003. Two species (Psychrodromus fontinalis, Eucypris pigra)
found outside the lake are new records for the region. About 80% of the species in this area have a cosmopolitan distribution
throughout the Holarctic region. Four major clustering groups (UPGMA) were recognized based on species occurrences and eco-
logical preferences. Each species was distinctly tolerant to different ecological variables though cosmopolitan species tended to
have wider tolerance ranges compared to sensitive species. About 82% of the relationship between species and environmental var-
iables was explained with Canonical Correspondence Analysis (P<0.05). Accordingly, temperature, dissolved oxygen and conduc-
tivity of water were found to be the three most influential factors affecting species composition. Spearman correlation analysis
showed a significant positive relationship (P<0.01) between the number of individuals and both dissolved oxygen and the number
of species. Generally, to provide long-term conservation of the Lake Abant Nature Park, immediate attention is needed for the
wastewater treatment, and help from international organizations.
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INTRODUCTION

Among the 16 nature parks in Turkey, Lake Abant
Nature Park (LANP) in Bolu (about 1196.5 ha) is one of
the most famous. The park includes about 1221 plant and
animal species, of which at least 60 are endemic, includ-
ing 1 rat subspecies (Muscardinus avellanarius abanticus
Kıvanç, 1983), 1 fish subspecies (Salmo trutta abanticus
Tortonese, 1954), ca. 50 plant species (e.g., Crocus aban-
tensis T. Baytop & B. Mathew 1975), and at least 3 inver-
tebrate species (e.g., Zerynthia (Allancastria) caucasica
abanti Koçak, 1975). However, as with many other natu-
ral areas, anthropogenic disturbance (e.g., pollution, habi-
tat fragmentation) threatens species diversity within the
park. In the case of LANP, such factors cause a rapid
reduction in the quality of the lake water and its environ-
ment, causing a decline in the number of native species
and an increase in the numbers of cosmopolitan species.

When species assemblages are determined by the eco-
logical preferences and tolerance levels of species,
changes in ecological conditions can affect species com-
position (DÜGEL & KAZANCİ, 2004). Thus, one may
expect to observe a corresponding decline in both water
quality and the “quality” of the species assemblages when
the numbers of cosmopolitan species increase. The mean-
ing of “reduction of water quality” refers to the “changes
in standard ecological conditions and/or health of lake
water and environment”. This process is explained by the
“pseudorichness hypothesis”, in which the total number
of species tends to increase in the short-term while the
ratio of specialist species to cosmopolitan species tends to
decrease (KÜLKÖYLÜOĞLU, 2004). However, the levels of

decline in species composition may not be recognized
with short-term studies, even when species composition
includes cosmopolitan species with high tolerance ranges
(YILMAZ & KÜLKÖYLÜOĞLU, 2006). In such a case, one
may mistakenly conclude no (or little) significant effect
of environmental changes (e.g., due to anthropogenic dis-
turbance) on community composition. This may lead to
acceptance of the null hypothesis when it is actually false,
or a Type II error (HURLBERT, 1984; ZAR, 1999). The con-
sequences of this error are well described in literature, but
almost nothing is known about it, concerning the use of
ostracods as ecological indicators.

Ostracods are widely distributed in all types of aquatic
environments, from fresh to saline waters, in which they
show different tolerances and preferences to various eco-
logical variables. If ecological preferences and tolerance
levels of individual species are known, the past, current
and future habitat conditions can be estimated (DELORME,
1991; KÜLKÖYLÜOĞLU & DÜGEL, 2004; KÜLKÖYLÜOĞLU,
2005a; 2005b). Therefore, ostracods are useful as indica-
tors of water quality in different aquatic bodies (BROMLEY
& POR, 1975; KÜLKÖYLÜOĞLU, 1999; KÜLKÖYLÜOĞLU &
VINYARD, 1998; MEZQUITA et al., 1999). Consequently,
knowledge of species’ current habitat requirements and
ecological preferences can also be used to reconstruct
past and future ecological conditions. Additionally, ostra-
cods are sensitive to changes in different environmental
variables, which can thus affect species composition as a
whole. Detection of such changes in community composi-
tion can be used to interpret conditions in any aquatic
body within a broader context. This may also allow esti-
mation of possible future changes in species composition.
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However, certain (i.e. cosmopolitan) species tend to have
wide tolerance levels, and therefore they can resist
changes in water conditions, at least for a wider range
than specialists. In such cases, negative environmental
effects on species richness of disturbed habitats may not
be recognized due to dominancy of common species.
Although it is critically important to know the role of cos-
mopolitan species in community assemblages, our knowl-
edge is far from complete for ostracods, and many other
taxa as well. To better understand the relationship
between conservation and the pseudorichness hypothesis
along with the role of cosmopolitan ostracods,
KÜLKÖYLÜOĞLU (2004) proposed two critical questions: i)
what kind of environmental conditions do individual
ostracod species prefer?, and ii) which ecological fac-
tor(s) affect(s) their occurrence most? Although these
questions can be applied to different taxonomic groups,
they are not easy to answer without detailed studies.

The aim of this study consists of three parts: (1) docu-
menting the species composition of ostracods in Lake
Abant, (2) characterizing the relationships between eco-
logical preferences and tolerance levels of ostracods, and
(3) highlighting the conservation status of Lake Abant
Nature Park, along with its environmental problems.

MATERIALS AND METHODS

Study Area

Lake Abant (Fig. 1) is a monomictic lake (Maximum
depth (Zmax): 18m; Elevation: 1345m a.s.l.), which is
located in Lake Abant Nature Park (40º36'702" N
31º16'721" E) about 30km west of the city Bolu (Turkey).
The lake was formed as a result of land sliding at the
northeastern ends (ERINÇ et al., 1961; ORBAY et al., 1994)
after tectonic activities about 8000-10000 years ago
(NEUGEBAUER et al., 1997). Since this time climatic activ-
ities have changed the lake environment. However, the
most influential change occurred 3500-4000 years ago,
when the first humans settled around the lake (WOLDRING
et al., 1986; BOTTEMA et al., 1993). One of the recent
effects of human activities occurred about 50 years ago,
when the lake surface area was extended from 115ha to
125ha (IRMAK, 1947; AKŞIRAY, 1959) to provide suitable
shallow habitats for the juveniles of common rainbow
trout (Oncorhynchus mykiss (Walbaum, 1792)). This fish,
however, reduced the numbers of the endemic fish (S. t.
abanticus) in the lake. Besides these two, there are five
more fish species in the lake: Tinca tinca L., 1758 (tench),
Barbus plebejus (Bonaparte, 1839) (barbus), Alburnoides
bipunctatus (Bloch, 1782) (chub), Gobio gobio (Lin-
naeus, 1758) (gudgeon), and Leuciscus cephalus (Lin-
naeus, 1758) (freshwater chub) (HOŞ, 2005).

Sampling

Eight physicochemical variables commonly used in
studies of aquatic habitats (WRIGHT et al., 1989; RUSE,
1996; MAZLUM et al., 1999; MOUNY & DAUVIN, 2002;
KÜLKÖYLÜOĞLU & DÜGEL, 2004), were measured
monthly from October 2001 to October 2003: pH, redox
potential (Standard Hydrogen Electrode (SHE) [mV]),
dissolved oxygen (DO [mg/L]), percent oxygen saturation

(%Sat), water (T(w)) and air temperature (T(a) [ºC]),
electrical conductivity (EC [µS/cm]), and salinity (S
[ppt]). Total dissolved solids (TDS [mg/l]) were measured
in the laboratory following standard methods (APHA,
1988). pH and redox potential were measured with a
Hanna model HI-98150 pH/ORP meter, while other varia-
bles were measured with a YSI-85 model oxygen-temper-
ature meter at each station. Ostracod samples were col-
lected at a water depth of 100cm with a plankton net
(0.25mm mesh size) from 10 randomly selected stations
around the lake side and fixed in 70% ethanol in situ after
measuring the ecological variables. In the laboratory, after
filtering the samples over four different sieves (0.25:
0.50: 1.0: 2.0mm in mesh size), ostracods were hand-
sorted and preserved in 70% ethanol. Subsequently, spec-
imens were mounted in lactophenol solution. Systematic
keys of MEISCH (2000) were used for identification.
Microbiological analyses followed standard methods
(APHA, 1988). Bathymetric measurements were obtained
with a Skipper 603 model echosounder (Fig. 2). Geo-
graphical data (elevation and coordinates) were recorded
with a geographical positioning system (GPS 45) unit.

Statistical Analyses

Canonical Correspondence Analysis (CCA), a gradient
analysis technique, was used to examine the relationship
between predictor variables (e.g., environmental factors)
and the response variable (species). Results of CCA were
tested with a Monte Carlo randomization method, which
randomly reassigns the values for the species data to the
values for the environmental variables. Since some pre-
dictor variables can be closely related, arch effects or
multicolinearity may exist (TER BRAAK, 1986; 1987). To

Fig. 1. – The ten sampling stations around Lake Abant. Sta-
tions 1, 3, and 10 are located outside the lake. “P” presents
the bathymetric line, depicted in Fig. 2, along the longest
distance of the lake.
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decrease the effects of multicolinearity, the numbers of
response variables were kept higher than the numbers of

predictor variables and the rare species were down-
weighted.

To estimate both tolerance (tk) and optimum (uk) values
of the six most abundant species, five environmental vari-
ables (pH, Eh, DO, Temp., EC, Sal.) were used in a
weighted averaging method. Unweighted Pair Group
Mean Averages (UPGMA) along with Jaccard’s similarity
tests were used with log transformed data to display clus-
tering relationships among eight species based on binary
data of species’ occurrence (presence/absence). Species
with only one occurrence were eliminated from the analy-
sis to increase the power of the test. A two-tailed Spear-
man rank correlation test was used to examine the rela-
tionships among six environmental variables, the six most
common species, numbers of individuals, and total num-
bers of species. Hill’s N2 is a kind of diversity index and
calculated here as the reciprocal of Simpson index (HILL,
1973). This indicates effective number of occurrences
instead of measurement of diversity (JUGGINS, 2001). (All
statistical analyses were conducted using the Multivariate
Statistical Package (MVSP) version 3.1 (KOVACH, 1998),
SPSS version 6.0 and CALIBRATE 1.0 (JUGGINS, 2001).

RESULTS

Reduction in the quality of Lake Abant water was mon-
itored between 2001 and 2003. Human activities, particu-
larly wastewater discharge into the lake, were the main
reason for the decline in water quality. As a result, ostra-
cod species composition was negatively affected,
although the mean number of species (3.61 species) was
slightly above the average number of species (3.2) found
in other lakes of Turkey (Table 1). In total, 16 ostracod
species were found in Lake Abant (Bolu, Turkey) and its
environs: Cypridopsis vidua (O.F. Müller, 1776), Can-
dona neglecta (Sars, 1887), Darwinula stevensoni (Brady

& Robertson, 1870), Cypria ophtalmica (Jurine, 1820),
Candona candida (O.F. Müller, 1776), Physocypria
kraepelini G.W. Müller, 1903, Ilyocypris bradyi Sars,
1890, Heterocypris incongruens (Ramdohr, 1808), Noto-
dromas monacha (O.F. Müller, 1776), Pseudocandona
compressa (Koch, 1838), Eucypris pigra (Fischer, 1851),
Herpetocypris chevreuxi (Sars, 1896), Psychrodromus
olivaceus (Brady & Norman, 1889), Psychrodromus fon-
tinalis (Wolf, 1920), Cypris pubera O.F. Müller, 1776,
Leucocythere sp. (see Table 2). Of these species, 80%
have a cosmopolitan distribution, at least within the Hol-
arctic region, while two species (P. fontinalis and E.
pigra) are new records for the region. Based on the spe-
cies occurrence data, the UPGMA dendrogram (Fig. 3)
revealed four major clustering groups. The first group
includes two cosmopolitan species (C. ophtalmica, C.
neglecta), while the second group consists of one cosmo-
politan (C. candida) and one non-cosmopolitan species
(P. compressa), and the third group has two cosmopolitan
(I. bradyi, D. stevensoni) and one rare species (N.
monacha). The fourth group covers a single cosmopolitan
species C. vidua. There was a significant positive rela-
tionship (P<0.01) between the number of individuals and
both dissolved oxygen and the number of species (Table
3). The first axis of the CCA diagram (Fig. 4, Table 4)
explained 82% of the relationship between 12 species and
six environmental variables (P<0.05, F-ratio=5.36). Water
temperature, dissolved oxygen, and conductivity were the
three factors that most influenced species composition.

The ecological requirements of each species were
found unique and species displayed differences in their
tolerances to different ecological variables (Table 5). Cos-
mopolitan species tended to have wider tolerance ranges
compared to less common species.

Fig. 2. – Bathymetry of the lake, showing a maximum depth of 18 meters. This is the first bathymetric picture for this lake.
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Fig. 3. – UPGMA dendrogram showings four clustering groups (I-IV) for the eight most abundant species,
which occurred at least two times in this study.

Fig. 4. – CCA diagram, showing the relationships between six environmental variables and 12 species. For
abbreviations see Tables 1 and 2.
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TABLE 1

The mean values of eight variables measured in Lake Abant between October 2001 (Oc01) and October 2003 (Oc03), completing 20
months of sampling. Abbreviations: pH; Eh (mV) (Standard Hydrogen Electrode or SHE), redox potential; DO (mg/L), dissolved
oxygen; Temp (°C), water temperature; EC (µS/cm), electrical conductivity; TDS (mg/L), Total Dissolved Solids; %Sat, oxygen
saturation; Sal (ppt), salinity; Nind, Number of individuals; Spp, Numbers of Species. Species codes (Code) are given in Table 2.
Codes with bold represent species found from the stations in the lake, others outside of the lake.

Date pH Eh DO %Sat Temp EC TDS Sal Nind Spp Code

Oc01 7.86 167.08 8.13 89.96 15.8 260.78 174.72 0.14 68 7 CV, DS, CN, CO, NM, CC, PC
N01 7.67 175.57 7.66 69.26 10.4 261.84 175.43 0.13 62 6 CV, CN, CO, NM, CC, PC
D01 7.47 187.83 7.58 55.52 1.74 157.38 105.44 0.1 -
Ap02 7.83 166.65 10.50 95.04 12.3 256.07 171.56 0.12 4 1 CV, CN, CO, CC, PC
My02 7.97 166.24 9.75 107.40 20.6 267.42 179.17 0.11 2 2 CN, CO, CC, NM, HC
Ju02 7.97 165.10 8.96 108.50 23.4 274.84 184.15 0.12 27 5 CV, CN, CO, NM, LE
Jl02 7.73 162.90 6.42 89.90 23.6 226.93 152.05 0.11 8 3 DS, CN, CO
Ag02 7.96 157.09 8.03 94.52 19.8 218.88 146.65 0.1 5 3 CN, CO, PC
S02 7.90 160.68 7.62 81.16 16.0 248.94 166.79 0.11 28 3 CV, CN, CO
Oc02 7.91 164.44 10.6 84.80 10.1 253.89 170.11 0.12 83 9 CV, CN, CO, NM, CC, PC, HI, IB, PK
N02 8.06 154.99 10.7 86.98 5.1 264.23 177.04 0.12 9 3 CC, CV, CN, PC 
D02 8.25 145.69 14.5 99.70 0.1 265.30 177.75 0.1 -
Ja03 7.90 175.67 20 141.50 1.68 151.73 101.66 0.13 47 3 CN, IB, PO
Ap03 7.95 167.19 7.31 72.42 16.5 268.61 179.97 0.12 11 4 CC, CV, CN, CO, PC
My03 7.99 165.53 5.24 56.49 18.9 281.91 188.88 0.11 10 3 CN, CO, PC
Ju03 7.97 179.28 4.06 46.81 20.8 286.19 191.75 0.12 3 1 CN, CO
Jl03 7.87 171.31 3.62 38.92 19.0 287.92 192.91 0.13 4 1 CN, CO
Ag03 na na 4.78 56.70 23.0 252.13 168.93 0.12 6 2 CV, CO,
S03 7.98 163.45 5.26 53.06 16.2 259.21 173.67 0.13 15 4 CN, CV, CO, PC, IB
Oc03 7.78 171.69 4.57 40.29 9.04 274.46 183.89 0.12 15 5 CV, CN, CO, CC, PC

Ave 7.90 166.76 8.26 78.44 14.2 250.93 168.13 0.12 22.61 3.61
Max. 8.30 187.80 20 141 23.6 287.90 192.90 0.1 83 9
Min. 7.50 145.70 3.6 38.9 0.1 151.70 101.70 0.1 2 1
StDev. 0.2 9.29 3.9 26.5 7.55 37.12 24.87 0.0 25.2 2.15

TABLE 2

The 16 species collected from 10 stations around Lake Abant.
(*): species with a wide distribution, at least in Holarctic
region.

Species Code Station No

Cypridopsis vidua * CV 1, 2, 3, 4, 6, 8, 9
Darwinula stevensoni * DS 2, 6
Candona neglecta * CN 1, 2, 3, 6, 8, 9
Candona candida * CC 3, 5, 8, 9
Cypria ophtalmica * CO 2, 3, 5, 6, 7, 8, 9
Notodromas monacha NM 4, 8, 9
Pseudocandona compressa * PC 1, 3, 4, 5, 6, 8, 9
Eucypris pigra * EP 1
Herpetocypris chevreuxi * HC 4, 10
Heterocypris incongruens * HI 6, 10
Psychrodromus olivaceus * PO 8
Psychrodromus fontinalis PF 1
Physocypria kraepelini * PK 8
Ilyocypris bradyi * IB 2, 6, 8
Cypris pubera * CP 10
Leucocythere sp. LE 8
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DISCUSSION

Our results showed that each species has its own spe-
cific requirements and tolerance levels to different envi-
ronmental factors. For example, two almost cosmopolitan
species (C. ophtalmica, C. neglecta) found in the first
cluster group had similar optima and tolerance levels to
six different variables. Moreover, C. neglecta had a
higher optimum (7.45mg/L) and tolerance (4.33mg/L) to
dissolved oxygen than C. ophtalmica (4.24mg/L and
3.20mg/L). Similarly, MEZQUITA et al. (2005) reported

that C. ophtalmica collected from different water bodies
in Spain had slightly higher optimum estimates (9.1mg/L)
than C. neglecta (8.8mg/L), although there was no signif-
icant difference in the tolerance values (2.3mg/L and
2.1mg/L, respectively). Although these optimum esti-
mates are higher than our findings (Table 5), the tolerance
values are both lower. Such differences may imply a large
range of tolerance for both species found in a variety of
similar, organically-rich, habitats. Recently, NAGORSKAYA
& KEYSER (2005) reported these two species in ten differ-
ent water bodies of Belarus, where C. ophtalmica showed

TABLE 3

Spearman rank correlation matrix for six environmental variables, number of individual (Nind), number of species
(Spp) and six dominant ostracod species. High correlations (P<0.05) are indicated in bold face. Codes are the same as
in Tables 1 and 2.

pH Eh DO Temp EC Sal Nind Spp CV CN CO NM CC PC

pH 1
Eh -0.56 1
DO 0.19 -0.35 1
Temp 0.12 -0.09 -0.50 1
EC 0.39 0.14 -0.38 0.24 1
Sal -0.13 0.38 -0.13 -0.04 0.25 1
Nind -0.29 0.08 0.75 -0.27 -0.22 0.33 1
Spp -0.25 0.04 0.51 -0.36 0.16 0.45 0.88 1
CV 0.13 0.13 0.36 0.31 0.02 -0.04 0.58 0.09 1
CN -0.19 0.10 0.36 -0.54 -0.11 -0.07 0.56 0.51 0.73 1
CO -0.46 0.12 0.41 0.16 -0.06 0.22 0.67 0.51 0.54 0.11 1
NM 0 -0.23 -0.65 0.44 -0.74 0.87 -0.19 0.70 -0.80 -0.75 -0.51 1
CC -0.25 0.13 0.20 -0.13 0.05 0.41 0.11 -0.49 0.81 -0.32 0.84 0 1
PC -0.63 0.36 0.25 -0.34 -0.41 0.82 0.53 -0.86 0.10 0.17 0.54 0.32 0.12 1

TABLE 4

Main results of Canonical Correspondence Analyses revealing a significant (P=0.006, F=2.197) result for all
canonical axes after 499 permutations in a Monte Carlo test.

Summary

Axes 1 2 3 4  Total inertia
Eigenvalues:  0.379  0.313  0.082  0.036 4.905
Species-environment correlations:  0.821  0.673  0.415  0.301
Cumulative percentage variance

of species data: 7.7 14.1 15.8 16.5
of species-environment relation: 45.2 82.6 92.3 96.6

Sum of all eigenvalues 4.905
Sum of all canonical eigenvalues 0.838

TABLE 5

Optimum (Opt), tolerance (Tol) and the effective number of occurrence (Hill’s N2) of the seven most frequently occurring species
related to the six environmental variables, selected because of their influences on species occurrence. First six species are ostracods
and the last (MP) is an isopod, Micronecta pusilla (Horváth, 1895). Analyses included species that occurred more than three times in a
total of 71 samplings. (for abbreviations see Tables 1 and 2).

pH Eh DO Temp EC Sal

Species Count Max N2 Opt Tol Opt Tol Opt Tol Opt Tol Opt Tol Opt Tol

CV 22 16 10.27 7.86 0.32 -48.57 19.18 8.80 4.53 14.64 5.953 239.25 106.30 0.12 0.06
CN 36 101 7.21 7.70 0.28 -38.65 16.33 7.45 4.33 17.97 5.879 320.69 110.69 0.12 0.06
CO 28 7 18.50 7.49 0.39 -28.87 21.16 4.24 3.20 16.43 4.710 336.70 127.68 0.16 0.09
NM 6 5 3.67 7.97 0.44 -53.89 25.09 9.05 3.95 14.65 4.736 221.90 72.96 0.11 0.03
PC 16 19 6.56 7.34 0.52 -20.83 29.86 5.41 3.70 12.24 3.738 329.88 103.44 0.16 0.06
CC 7 29 4.65 7.19 0.54 -13.96 29.22 5.59 5.32 11.23 6.789 403.98 60.46 0.21 0.06
MP 4 2 3.60 7.84 0.18 -46.52 8.61 8.19 3.45 21.15 3.795 230.02 95.92 0.10 0.06
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the highest (0.62) and C. neglecta a medium index of
commonality (0.13). In a previous investigation, MEISCH
(2000) found that both C. neglecta and C. ophtalmica,
both common in organically-rich polluted waters, can tol-
erate low levels of oxygen values below (3mg/L). Cypria
ophtalmica was the most abundant species in Lake Cai-
cedo (Spain) where the species was highly tolerant to
hypoxic conditions throughout the year (MARTIN-RUBIO
et al., 2005). Having a relatively high environmental tol-
erance index value (ETI=0.77), C. ophtalmica showed a
wide range of tolerance to water temperatures from 2.1 to
20.1°C in the United States (CURRY, 1999). In a shallow
lake (Lake Fehér) of Hungary, KISS (2002) observed C.
ophtalmica frequently in a reed belt community charac-
terized by a large range of water temperature (1.1-
23.2°C), pH (5.76-8.01), and dissolved oxygen (0.0-
10.79mg/L). According to RAMDANI et al. (2001), C.
ophtalmica was the only species found throughout the
year in an acidic lake (Megene Chitane) in Tunisia. ROS-
SETTI et al., (2004) collected C. ophtalmica from freshwa-
ter wetlands with eutrophic conditions in northern Italy,
where it was one of the most common species, surviving a
wide range of salinities (from ca. 300 to >900µS/cm),
temperatures (up to 35°C), and acidities (usually >7, up to
9.67). In contrast, C. neglecta was reported from Lake
Edku (Egypt), a freshwater lagoon (BIRKS et al., 2001). A
25-months-long sampling at an organically-enriched
small reedbed in Turkey yielded C. neglecta in waters
with a pH of 7.16-8.65, dissolved oxygen levels of 4.13-
15.44mg/L, and a temperature range of 2.13-27.3°C
(KÜLKÖYLÜOĞLU, 2005a). The species was most common
from November to August in a relatively cold limnocrene
spring with low oxygen levels (3.28mg/L)
(KÜLKÖYLÜOĞLU, 2003), but its occurrence was nega-
tively correlated to water temperature (KÜLKÖYLÜOĞLU &
YILMAZ, 2006). In the present study, C. neglecta was
revealed near the center of the CCA diagram, which
implies the absence of direct effects of environmental var-
iables on its occurrence (Fig. 4). Furthermore, C. ophtal-
mica was located on the negative side of the temperature
axis. These findings support the above-cited studies, dem-
onstrating that both species have high tolerances to differ-
ent environmental variables.

The second group of the UPGMA dendrogram consists
of two species (C. candida, P. compressa) with a broad
geographical distribution. In general, C. candida can live
in a variety of aquatic habitats, such as springs (SÄRKKÄ
et al., 1997). According to HARTMANN & HILLER (1977),
the species cannot tolerate water temperature above 18ºC
during summer. However, more recent studies have
revealed the opposite (DELORME, 1991; KÜLKÖYLÜOĞLU
& VINYARD, 2000; YILMAZ & KÜLKÖYLÜOĞLU, 2006).
The present study reveals that the species has a higher tol-
erance to water temperature (6.79) and pH (0.54) than the
other species (Table 5) found in the littoral zones. Since
the species can survive in diverse habitats with extensive
geographical distribution, it can be assumed that its toler-
ance to some of the environmental factors is much higher
than previously thought. On the other hand, P. compressa
seems to have a limited geographical distribution in the
Holarctic region (MEISCH, 2000). ROSSETTI et al. (2004)
documented the species from freshwater wetlands in
northern Italy, along with another common species C.

ophtalmica, which can be found in similar eutrophic con-
ditions (see above). The authors stated that P. compressa
occurred less frequently than C. ophtalmica in Italy, but
its occurrence was most likely related to higher trophic
conditions and elevated ionic content. In the present
study, P. compressa showed the highest tolerance value
(29.85) for redox potential (Table 5) with a strong nega-
tive correlation to pH (P<0.05, r=-0.63) and positive cor-
relation to salinity (Table 3). The close relationship
between redox potential (due to reduction in water mole-
cules) and changes in ionic contents of waters may sug-
gest that P. compressa has much higher tolerance and
higher optimum values than previously thought.

The third group of the UPGMA dendrogram consists of
two cosmopolitan (I. bradyi, D. stevensoni) and one rare
species (N. monacha). In general, the first two species are
very common in different aquatic bodies, but N. monacha
is found mostly in open waters and seems to have sea-
sonal preferences for specific habitats with certain condi-
tions. Recently, MEZQUITA et al. (2005) reported the toler-
ance and optimum values for I. bradyi (7.81-0.49 for pH,
8.8-2.2mg/L for DO, 14.5-1.8°C for water temperature,
and 3.01-0.30mS/cm for electrical conductivity) and D.
stevensoni (7.74-0.40 for pH, 8.4-2.1mg/L for dissolved
oxygen, 16.4-1.2°C for water temperature, and 3.09-
0.39mS/cm for electrical conductivity), which are in
accordance with earlier records (KÜLKÖYLÜOĞLU, 2000).
Despite the fact that both species can have different
occurrence patterns throughout the year, they were
encountered only three and two times during our study
(Tables 2 and 3). Because of their limited occurrence pat-
terns, our results cannot provide unequivocal knowledge
about their tolerance and optimum values in Lake Abant
at this moment. However, it is well known that both spe-
cies can tolerate substantial changes in different environ-
mental variables in a variety of habitats, usually prefer-
ring cold and well-oxygenated stagnant waters
(BRONSHTEIN, 1947; KÜLKÖYLÜOĞLU & VINYARD, 2000;
MEISCH, 2000; ROCA et al., 2000; KÜLKÖYLÜOĞLU,
2005c). A rare Holarctic species, N. monacha, mostly
prefers littoral zones of lakes and ponds rich with aquatic
plants. In Germany, it was recorded from May to August
from shallow aquatic bodies (HILLER, 1972), while FINN
(2005) calculated the optimum and tolerance values for
temperature (21.4 and 0.9°C, respectively) of the species
during summer. Similarly, KISS (2001) reported the spe-
cies from a small, slightly acidic (pH 6.66) and shallow
(ca. 90cm depth) Lake (Kõhegyi) in Hungary, with dense
aquatic macrophytes, where juveniles accounted for 90%
of the population in August. KISS (2002) also reported
that N. monacha was the most common ostracod that
occurred from April to October in the reed belt of a small
Lake (Fehér, Hungary), with large ranges of water tem-
perature (1.1-23.2°C), pH (5.76-8.01), electrical conduc-
tivity (411-2410µS/cm), and relatively low dissolved oxy-
gen (0-10.79mg/L). The species was encountered from
October-November and May-June during our study.
Overall, it seems that N. monacha occurs throughout the
year (except the winter months from December-February)
in habitats having suitable environmental conditions. Our
results agree with those of earlier reports that the species
has the highest optimum for dissolved oxygen (9.05) and
pH (7.97), while it has a strong positive correlation with
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salinity (Tables 3; 5). There is not much known about the
ecological preferences of the species, but findings suggest
that it prefers relatively cool, well-oxygenated habitats
covered with aquatic plants.

The fourth clustering group in the UPGMA dendro-
gram consists of only one species, C. vidua, a well-known
cosmopolitan species with a wide range of tolerances to
different environmental conditions, also found almost all
year around. Indeed, during the present study, it was also
found in almost all stations, even outside of the lake
(Tables 1; 2). In the eastern Iberian Peninsula, MEZQUITA
et al. (2005) collected C. vidua from different types of
aquatic habitats and reported optimum and tolerance val-
ues of 7.89-0.48 for pH, 7.9-2.2 for DO, 15.9-1.5°C for
temperature, and 3.10-0.41mS/cm for electrical conduc-
tivity, respectively. In comparison, the values in our sta-
tions were: 7.86-0.32 for pH, 8.8-4.5 for DO, 14.6-5.9°C
for temperature, and 239.24-106.30µS/cm for electrical
conductivity. These results support the earlier studies of
C. vidua that document its ability to tolerate large changes
in water conditions.

Among the remaining five taxa (P. kraepelini, H.
incongruens, P. olivaceus, H. chevreuxi, Leucocythere
sp.), the first two species are cosmopolitan, whereas the
rest have a more limited geographical distribution in the
Holarctic region. While P. kraepelini usually prefers large
aquatic bodies, such as lakes and ponds, H. incongruens
with a cosmopolitan distribution can be found in different
types of habitats such as ditches, ponds and troughs,
where it survives high levels of pollution. However, two
other species (P. olivaceus, H. chevreuxi) are generally
common in springs or waters associated with spring dis-
charge. Indeed, recently, in Spain, H. chevreuxi was col-
lected in August from a shallow pond fed by groundwa-
ter, with relatively high dissolved oxygen concentration
(17mg/L) (ROSSETTI et al., 2004). This finding agrees
with our study in that there are some water inputs from
the springs to the sampling sites (stations 4 and 8) where
this species was collected (Fig. 1, Table 2). According to
FINN (2005), H. chevreuxi had high optimum estimates
(20.4) but low tolerance (0.3) to water temperature in dif-
ferent types of aquatic habitats of northeast Germany. In
the present study, it is interesting that we found this spe-
cies in a small, shallow pond (ca. 20cm) nearby the lake
(Table 1), where temperature (30.3°C) and pH (9.3) val-
ues reached maximum levels with relatively high oxygen
saturation (12.39mg/L). To our knowledge, these are the
highest levels measured for this species so far. On the
other hand, it is probable that the occurrence of this spe-
cies in such extreme conditions of temperature and pH
might be only temporary. Therefore, at the moment, one
should not generalize the tolerance of H. chevreuxi to
such extreme conditions for long time intervals. Just as
for H. chevreuxi, ecological information about P. oli-
vaceus is also scarce. Based on previous works (e.g.,
GÜLEN, 1985; BALTANÁS, 1992; BALTANÁS et al., 1993),
we know that it generally prefers cold and well-oxygen-
ated waters. KÜLKÖYLÜOĞLU & YILMAZ (2006) showed
that P. olivaceus had relatively high optimum (120.16µS/
cm) and tolerance (14.76µS/cm) values for electrical con-
ductivity (referring to salinity). In our study, about 26
individuals were collected in very cold (1.67°C under ice-
cover) lake water. This suggests that this species may

have much higher tolerance and optimum levels to at least
some of the main environmental factors than previously
estimated. Nevertheless, this cannot be generalized at the
moment due to a lack of data. Additionally, because of
their scarce occurrence, detailed information on the eco-
logical preferences of three other species (P. fontinalis, E.
pigra, C. pubera) found at stations outside of the lake is
not available, thus general conclusions cannot be drawn
concerning their ecological preferences. The first two
species are new for the region and tend to prefer cool and
well-oxygenated waters, whereas C. pubera can have
greater tolerance and optimum estimates in different
aquatic habitats.

The negative effects of human activities (e.g., pollu-
tion, habitat fragmentation) are well documented through-
out the world. The eventual consequences of such activi-
ties cause habitat destruction and changes in water
quality. Thus, even slight changes in water quality can
influence the suitability of a habitat for (e.g., ostracod)
species communities. Such changes in lake water quality,
eventually, will reduce ecological conditions, decreasing
the survival chances of specialist ostracods, while
increasing the persistence of cosmopolitan species with a
wide tolerance range. This is because such fluctuations in
habitat conditions can provide better opportunities for
generalists and thus increase their dominance over spe-
cialist species. Therefore, relatively higher mean numbers
of ostracod species in Lake Abant were probably due to
an increase in the number of cosmopolitan species. This
phenomenon is called pseudorichness; it also occurs in
other taxonomic groups such as phytoplankton and colo-
nial bacteria. Pseudorichness hypothesis suggests an
overall decrease in the quality of certain habitats
(KÜLKÖYLÜOĞLU, 2004). Presumably, the concept of
pseudorichness can be generalized to different ecological
communities where it can help us to understand past, cur-
rent, and future water and habitat quality. Results show
that the current water quality of Lake Abant has changed
from oligotrophic to mesoeutrophic, during which species
turnover favors generalist species over specialists. As a
result, if anthropogenic activities continue in the same
way, such problems will threaten overall species diversity,
its functional significance, and habitat quality.

ACKNOWLEDGEMENTS

We would like to thank Dr. Joe Veech (University of Northern
Colorado) for his comments and suggestions on the early draft
of this paper. Also, we thank to Drs. Erdoðan Usta and Abuzer
Çelekli for their help during field works. This study was sup-
ported by The Scientific and Technological Research Council of
Turkey (TUBITAK) with Project No: YDABAG-101Y030.

REFERENCES

AKŞIRAY F (1959). Abant gölünde sun’i ilkah yolu ile ilk Ala-
balık üretilmesi hakkında. İstanbul Üniversitesi Fen Fak.
Hidrobiyoloji Dergisi, Seri A. 5(1): 115-124.

APHA (1988). Standard Methods for the Examination of water
and wastewater. American Public Health Association.

BALTANÁS A (1992). A contribution to the knowledge of the
cypridid ostracode fauna (Crustacea, Ostracoda, Cyprididae)



Muzaffer Dügel, Okan Külköylüoğlu & Mustafa Kılıç58

on the Iberian Peninsula, and a comparison with adjacent
areas. Archives Hydrobiologia, 3: 419-452.

BALTANÁS A, DANİELOPOL DL, ROCA JR & MARMONİER P
(1993). Psychrodromus betharrami n.sp. (Crustacea, Ostra-
coda): Morphology, Ecology and Biogeography. Zoolo-
gischer Anzeiger, 231(1/2): 39-57.

BİRKS HH, PEGLAR SM, BOOMER I, FLOWER RJ & RAMDANİ M
with contributions from APPLEBY BJUNE AE, PATRİCK ST,
KRAİEM MM, FATHİ AA, ABDELZAHER HMA (2001). Palae-
olimnological responses on nine North African lakes in the
CASSARINA Project to recent environmental changes and
human impact detected by plant macrofossil, pollen, and
faunal analyses. Aquatic Ecology, 35: 405-430.

BOTTEMA S, WOLDRING H & AYTUĞ B (1993). Late quaternary
vegetation history of northern Turkey. Palaeohistoria, 35/36:
13-72.

BROMLEY HJ & POR FD (1975). The metazoan fauna of sewage
carrying wadi, Nahal Soreq (Judean Hills, Israel). Freshwa-
ter Biology, 5: 121-133.

BRONSHTEIN ZS (1947). Fresh-water Ostracoda. Fauna of the
USSR Crustacean V: 2, No.1. Russian Translation Series, 64.
Academy of Sciences of the USSR Publishers, Moscow.
1988. Cladocopa and Platycopa. (1947).

CURRY BB (1999). An environmental tolerance index for ostra-
codes as indicators of physical and chemical factors in
aquatic habitats. Palaeogeography, Palaeoclimatology, Pal-
aeoecology, 148: 51-63.

DELORME LD (1991). Ostracoda. In: THORPE JH & COVICH AP
(eds), Ecology and Classification of North American Inver-
tebrates. Academic Press, Inc.: 691-722.

DÜGEL M & KAZANCI N (2004). Assessment of water Quality of
the büyük menderes river (Turkey) by using ordination and
classification of macroinvertebrates and environmental vari-
ables. Journal of Freshwater Ecology, 19(4): 605-612.

ERINÇ S, BILGIN T & BENER M (1961). Abant gölünün menþei
hakkýnda. Ýstanbul Üniversitesi Coðrafya Enstitüsü Der-
gisi: 161-165.

FINN AV (2005). Freshwater ostracod assemblages and their
relationship to environmental variables in waters from north-
east Germany. In: Quantitative paleoenvironmental studies
using freshwater ostracods in northeast Germany. Ph.D. dis-
sertation. Ernts-Moritz-Arndt Universitat Greifswald.

GÜLEN D (1985). Bisexual Ostracoda (Crustacea) populations in
Anatolia. Ýstanbul Üniversitesi Fen Fakültesi Biyoloji Mec-
muasý, (Seri B) 50: 81-86.

HARTMANN G & HİLLER D (1977). Beitrag zur Kenntis der
Ostracodenfauna des Harzes und seines nördlichen Vor-
landes (unter besonderer Berücksichtigung des Männchens
von Candona candida). Jahre 125 Naturwissenschaftlicher
Verein Goslar: 99-116.

HILL MO (1973) Diversity and Evenness: A Unifying notation
and Its Consequences. Ecology, 54(2): 427-432.

HİLLER D (1972). Untersuchungen zur Biologie und-Okologie
Limnischer Ostracoden aus der Umgebung von Hamburg.
Archives Hydrobiologia Supplement, 40(4): 400-497.

HOŞ AC (2005). Studies on bio-ecology of Salmo trutta abanti-
cus Tortonese, 1954 (Abant trout) and Tinca tinca Linnaeus,
1758 (tench) living in Lake Abant (Bolu-Turkey). Ph.D. Dis-
sertation. Hacettepe University, Ankara, Turkey. (Abstract in
English).

HURLBERT SJ (1984). Pseudoreplication and the design of eco-
logical field experiments. Ecological Monographs, 54: 187-
211.

IRMAK A (1947). Kuzey Anadoluda, Abant gölü kenarýnda tur-
balýk teþekkülü. Ankara Üniversitesi Yüksek Ziraat
Enstitüsü Haberleri, 8(2): 271-280.

JUGGINS S (2001). CALIBRATE Version 1.0. A C++ program
for analyzing and visualizing species environment relation-

ships and for predicting environment values from species
assemblages. Newcastle, UK.

KİSS A (2001). Limnological investigations of small water bod-
ies in the Pilis Biosphere Reserve, Hungary. Part II. Kõhe-
gyi-tó and Unkás-tócsa. Opuscula Zoologica Budapest, 33:
67-74.

KİSS A (2002). Distribution of microcrustacea in different habi-
tats of a shallow lake in the Fertõ-Hanság National Park,
Hungary. Opuscula Zoologica Budapest, 34: 43-50.

KOVACH W (1998). Multi-Variate statistical package. Ver.3.01.
Pentraeth.

KÜLKÖYLÜOĞLU O (1999). Taxonomy, ecology and biogeo-
graphic distribution of spring water Ostracoda (Crustacea) in
Nevada. Ph.D. dissertation. Program in Ecology, Evolution
and Conservation Biology, University of Nevada, Reno.

KÜLKÖYLÜOĞLU O (2000). The importance of cosmopolitan and
indicator species of Ostracoda (Crustacea) in Turkey based
on some water parameters. Paper presented at the Sinop
Water Product Conference 2000. (Abstract in English): 421-
437.

KÜLKÖYLÜOĞLU O (2003). Ecology of freshwater Ostracoda
(Crustacea) from lakes and reservoirs in Bolu-Turkey. Jour-
nal of Freshwater Ecology, 18: 343-347.

KÜLKÖYLÜOĞLU O (2004). On the usage of ostracoda (Crusta-
cea) as bioindicator species in the different aquatic habitats
in the Bolu region, Turkey. Ecological Indicators, 4: 139-
147.

KÜLKÖYLÜOĞLU O (2005a). Factors effecting Ostracoda (Crusta-
cea) occurrence in Yumrukaya Reedbeds (Bolu, Turkey).
Wetlands, 25: 224-227.

KÜLKÖYLÜOĞLU O (2005b). Phenology of freshwater Ostracoda
(Crustacea) and environmental correlates in Lake Gölköy
(Bolu, Turkey). Aquatic Ecology, 39: 295-304.

KÜLKÖYLÜOĞLU O (2005c). Ecological requirements of freshwa-
ter Ostracoda (Crustacea) in two limnocrene springs (Bolu,
Turkey). Annales de Limnologie – International Journal of
Limnology, 41(4): 237-246.

KÜLKÖYLÜOĞLU O & DÜGEL M (2004). Ecology and spatiotem-
poral patterns of Ostracoda (Crustacea) from Lake Gölcük
(Bolu, Turkey). Archives Hydrobiologia, 160: 67-83.

KÜLKÖYLÜOĞLU O & VİNYARD GL (1998). New bisexual form
of Cavernocypris subterranea (Wolf, 1920) (Crustacea,
Ostracoda) from Idaho. Great Basin Naturalist, 58(4): 380-
385.

KÜLKÖYLÜOĞLU O & VİNYARD GL (2000). Distribution and
ecology of freshwater Ostracoda (Crustacea) collected from
springs of Nevada, Idaho, and Oregon: A preliminary study.
Western North American Naturalist, 60(3): 291-303.

KÜLKÖYLÜOĞLU O & YILMAZ F (2006). Ecological requirements
of Ostracoda (Crustacea) in three types of springs in Turkey.
Limnologica: Ecology and Management of Inland Waters,
36: 172-180.

MARTIN-RUBIO M, RODRIGUEZ-LAZARO J, ANADÓN P, ROBLES F,
UTRILLA R & VÁZQUEZ A (2005). Factors affecting the dis-
tribution of recent lacutrine Ostracoda from the Caicedo de
Yuso-Arreo Lake (Western Ebro Basin, Spain). Palaeogeog-
raphy, Palaeoclimatology, Palaeoecology, 225: 118-133.

MAZLUM N, ÖZER A & MAZLUM S (1999). Interpretation of
water quality data by principal components analysis. Turkish
Journal of Engineering and Environmental Sciences, 23: 19-
26.

MEISCH C (2000). Freshwater Ostracoda of western and central
Europe. Süsswasserfauna von Mitteleuropa, 8 (3): i-xii,
Spektrum Akademischer Verlag, Heidelberg.

MEZQUITA F, GRIFFITHS HI, SANZ S, SORIA JM & PINON A
(1999). Ecology and distribution of ostracods associated
with flowing waters in the eastern Iberian Peninsula. Journal
of Crustacean Biology, 19: 344-354.



Ostracoda (Crustacea) in Lake Abant 59

MEZQUITA F, ROCA JR, REED JM & WANSARD G (2005). Quanti-
fying species-environment relationships in non-marine
Ostracoda for ecological and palaeoecological studies:
examples using Iberian data. Palaeogeography, Palaeoclima-
tology, Palaeoecology, 225: 93-117.

MOUNY P & DAUVIN JC (2002). Environmental control of meso-
zooplankton community structure in the Seine estuary (Eng-
lish Channel). Oceanologica Acta, 25: 13-22.

NAGORSKAYA L & KEYSER D (2005). Habitat diversity and
ostracod distribution. Hydrobiologia, 538: 167–178.

NEUGEBAUER J, LÖFFLER M & YATMAN A (1997). Seismic obser-
vations at an overstep of the western North Anatolian Fault
(Abant-Sapanca region, Turkey). Geologische rundschau,
86(1): 93.

ORBAY N, GÜNDOĞDU O, KOLÇAK D, DÜZGIT Z, IŞIKARA A,
UHRENBACHER R & ZSCHAU J (1994). Seismo-Magnetic
Studies Between Dokurcun and Abant Area Along the North
Anatolian Fault Zone, Turkey. Journal of Geomagnetism and
Geoelectricity, 46(12): 1095-1107.

RAMDANİ M, ELKHİATİ N, FLOWER RJ, BİRKS HH, KRAİEM MM,
FATHİ AA & PATRİCK ST (2001). Open water zooplankton
communities in North African wetland lakes: the CASSA-
RINA Project. Aquatic Ecology, 35: 319-333.

ROCA JR, MEZQUITA F, RUEDA J, CAMACHO A & MIRACLE MR
(2000). Endorheic versus karstic lakes: patterns of ostracod
distributions and lake typology in a Mediterranean landscape
(Castilla – La Mancha, Spain). Marine and Freshwater
Research, 51: 311-119.

ROSSETTI G, BARTOLI M & MARTENS K (2004). Limnological
characteristics and recent ostracods (Crustacea, Ostracoda)
of freshwater wetlands in the Parco Oglio Sud (Northern
Italy). Annales de Limnologie – International Journal of
Limnology, 40: 329-341.

RUSE LP (1996). Multivariate techniques relating macroinverte-
brate and environmental data from a river catchment. Water
Research, 30: 3017-3024.

SÄRKKÄ J, LEVONEN L & MÄKELÄ J (1997). Meiofauna of
springs in Finland in relation to environmental factors. Hyd-
robiologia, 347: 139-150.

TER BRAAK CJF (1986). Canonical correspondence analysis: a
new eigenvector technique for multivariate direct gradient
analysis. Ecology, 67: 1167-1179.

TER BRAAK CJF (1987). The analysis of vegetation-environment
relationships by canonical correspondence analysis. Vegeta-
tio, 69: 69-77.

WOLDRING H, BOTTEMA S & AYTUĞ B (1986). Late quaternary
vegetation history of Abant. 5th OPTIMA Meeting, Istanbul,
8-15, pp: 467-471.

WRIGHT J, ARMITAGE PD & FURSE MT (1989). Predicting of
invertebrate communities using stream measurements. Reg-
ulated Rivers, 4: 147-155.

YILMAZ F & KÜLKÖYLÜOĞLU O (2006). Tolerance, optimum
ranges, and ecological requirements of freshwater Ostracoda
(Crustacea) in Lake Aladað (Bolu, Turkey). Ecological
Research, 21(2): 165-173.

ZAR JH (1999). Biostatistical Analysis. Prentice Hall, Upper
Saddle River, New Jersey.

Received: August 18, 2006
Accepted: September 17, 2007




