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Introduction
Coastal lagoons are shallow wetlands connected to 
both sea and rivers (or creeks) and containing one 
or more inlets between sandy or manmade barriers 
(Barnes 1980, Davidson-Arnott 2010). Many 
coastal lagoons have been exploited through intense 
fishing or other anthropogenic activities. Along the 
8333 km of the Turkish coastline, there are 14 la-
goons at the Black Sea coast, 12 at the Marmara Sea, 
128 at the Aegean Sea and 17 at the Mediterranean 
Sea, comprising a total of 171 lagoons (Altınsaçlı 
et al. 2015a). Many lagoons were formed as a result 
of accumulation of alluvial sands on the seashore as 
a result from the flow of large and small rivers into 
the Aegean Sea such as the Evros (Meriç, Maritsa) 
River, one of the best-known running waters that 
flow into the Aegean Sea. These coastal formations 
contain a differing biota from that in both marine and 
fresh waters. Lagoons provide diverse habitats for 
ostracod species. The presence of marine species in 
connecting canals between the sea and lagoons as 

well as the presence of freshwater species in places 
of water input into lagoons determines the habitat 
heterogeneity in coastal wetlands.

Ostracods are microcrustaceans that live in 
aquatic environments. They have ornamented and 
moving calcareous bivalved shells (carapace) that 
enclose the whole body and all appendages (Xing 
et al. 2018). The distribution of ostracods is related 
to several environmental factors, e.g. sediment type, 
salinity, temperature, pH, dissolved oxygen and 
depth (Martinez-Garcia et al. 2013, Nachite et 
al. 2010). In estuarine environments, the distribution 
and abundance of ostracods are affected by the fresh-
water input and brackish water resources. According 
to the ecological classification of ostracods in four 
main groups (Anadon et al. 2002), ostracods in-
habiting lagoons and deltas belong to the coastal 
brackish-marine and continental brackish ecological 
groups. Species of the genera Cyprideis, Loxoconcha, 
Leptocythere, Xestoleberis and Heterocypris are ex-
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amples of these euryhaline and eurythermal groups, 
which can tolerate significant seasonal variations in 
salinity and temperature (Salel et al. 2016).

So far, the Karagöl Lagoon has not been ex-
ploited for fishing or other anthropogenic activities 
and there are no human settlements surrounding 
it. Its biota can be considered as a relatively well-
preserved. Therefore, the examination of the diver-
sity and structure of the ostracod communities may 
provide reference data for evaluating the degree of 
modification of the coastal wetlands in the region as 
a result from the human impact.

Materials and Methods
Study area 
Karagöl is a choked coastal brackish lagoon. It is an 
Aegean transitional ecosystem in northern Turkey 
(40°37’50.35”N, 26° 04’12.17”E), with an area of 
33.8 ha (with maximum width 474 m and maximum 
length 854 m) and with an average depth of 0.50 
m (maximum depth is 1.5 m; Fig. 1). The Karagöl 
Lagoon is connected to the Aegean Sea only through 
a temporary small channel located on its eastern 
side. Freshwater inflows depend on the rain waters 
in the region, the temporary Karagöl Creek and other 
small creeks feeding the lagoon (Fig. 1). In the win-
ter, southerly winds are particularly prevalent, caus-
ing high waves and strong winds facilitating the sea-
water input through the above-mentioned channel.

The creek beds in the Enez District were formed 
by flows during the Miocene (Çağatay et al. 1998, 
Yaltırak 1996). The Karagöl Creek is such a creek 
bed that in the past transported alluvium to the 
Aegean Sea. The mouths of the Karagöl Creek and 
the Evros (Meriç) River have been closed as a re-
sult of sandy barriers formed by alluvium carried by 
these streams. Waves and currents of the Aegean Sea 
caused the formation of sandy barriers in the Enez 
Lagoon and Karagöl Lagoon, both separated from the 
sea by sandy barriers parallel to the shore. According 
to the rainfall regime classification, the area is sub-
jected to the Western Marmara Transition Subregion 
(WMTS) rainfall regime. The annual average precip-
itation reaches 669.6 mm, 58% of which fall in win-
ter (November – February); the lowest precipitation 
values are in summer. January is the coldest month, 
with long-term average temperatures of 5.4 °C, while 
the hottest month is July with an average of 23.9 °C 
(Erginal et al. 2007, Türkeş 1996).

Sampling and measurements
Samples were taken from the Karagöl Lagoon using 
a hand net (mesh size 100 μm) in January, March, 

May, July, September and November 2016. At each 
site, we collected about 200 g of surface sediment, 
which was fixed in situ in 70% ethanol. The sedi-
ment was washed out in the laboratory under pres-
surised tap water and separated into five grain-size 
fractions using standardised sieves (2.0, 1.5, 0.5, 
0.25 and 0.125 mm mesh size). Ostracods were sort-
ed under a stereomicroscope and fixed again in 70% 
alcohol. The soft body parts were dissected in lac-
tophenol solution for taxonomic identification using 
the keys by Bonaduce et al. (1975), Athersuch et 
al. (1989), Meisch (2000) and Fuhrmann (2013), 
with taxonomy and nomenclature following the lat-
ter one. The number of adult individuals belonging 
to each identified ostracod species was counted. For 
coordinates and other characteristics of each sam-
pling site, see Table 1.

Seven physicochemical variables, water tem-
perature (Tw [ºC]), redox potential (ORP [Mv]), 
pH, percentage of oxygen saturation (Sat [%]), dis-
solved oxygen (DO [mgl-1]), electrical conductivity 
(EC [mS/cm]) and salinity (PSU) were measured in 
situ using WTW 340i multimeter at each of the three 
sampling stations (Table 2). The air pressure (AP 
[mbar]) was measured with a digital barometer.

Fig. 1. Locations of sampling sites in the Karagöl Lagoon.
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Statistical analysis
Faunal similarity (taking into account the number of 
individuals from each species at each sampling sta-
tion) between all the sampling stations were com-
pared using the Bray-Curtis coeffi  cient (Bray & 
Curtis 1957). A two-tailed Spearman rank correla-
tion test (with SPSS 21) was used to examine the 
relationships between nine environmental variables 
and species. Canonical correspondence analysis 
(CCA) was used to analyse species–environment re-
lationships in order to identify those environmental 
factors potentially infl uencing ostracod assemblages 
(Ter Braak 1986). Data were analysed using the 
MVSP, version 3.22 (Kovach 2013).

Results
A total of 15,622 ostracod specimens were col-
lected in January, March, May, July, September and 
November 2016. Two ostracod species, Cyprideis 

torosa and Loxoconcha elliptica, were identifi ed 
from the three sampling stations: Cyprideis torosa 
(14,009 individuals, 89.67%) and Loxoconcha ellip-
tica (1,613 individuals, 10.33%). They occurred in 
all the seasons and in all parts of the wetland exam-
ined (Fig. 2). 

The number of individuals of ostracod spe-
cies at each station was higher in May, July and 
September and lower in January (Fig. 2). The per-
centage of C. torosa was 85% (1,808) at station 1, 
92% (5,194) at station 2 and 89% (5,194) at station 
3. The relative abundance of L. elliptica was 15% at 
station 1, 8% at station 2, and 11% at station 3.

The assemblages at stations 1 and 2 were in-
fl uenced by freshwater surface input, while station 3 
was less infl uenced. The highest individual number 
(2,750) of C. torosa was counted at station 3 in July 
2016 (Fig. 2). Cyprideis torosa was the dominant 
species with the highest individual numbers at all 
stations during all seasons. 

Table 1. Locations of the sampling stations at the Karagöl Lagoon with coordinates, depths and substrata types.

Sampling station 
number Sampling stations name Coordinates Depth (cm) Substrata

St-1 The north-east part of lagoon
40°38’03.48”N

50 Sandy mud
26°04’26.28”E

St-2 The middle part of the lagoon
40°37’56.67”N

50 Sandy mud
26°04’14.91”E

St-3 The close section of the lagoon to sea 
40°37’36.25”N

50 Sandy mud
26°04’10.34”E

Table 2. Mean and standard deviation values of physicochemical parameters and the number of specimens for each 
ostracod species. Abbreviations: Ta (air temperature), Tw (water temperature, °C), ORP (standard hydrogen electrode, 
mV), DO (dissolved oxygen, mg l-1), Sat. (saturation, %), Sal. (Salinity, PSU), EC (electrical conductivity, mS/cm), 
AP (Air pressure, mbar), TNI (Total number of individuals), CT (Cyprideis torosa) and LE (Loxoconcha elliptica).

1 
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The Bray-Curtis coefficient test revealed the 
greatest similarity (75.2%) between stations 2 and 3; 
51.6% similarity was found between sampling sta-
tion 1 and each of stations 2 and 3. The Bray-Curtis 
dendrogram showed (Fig. 3A) a cluster comprising 
sampling stations 2 and 3 and another branch con-
taining only the sampling station 1. 

As a result of the CCA analyses, salinity and 
EC were found to be important parameters in the 
study area, as seen by the length of the arrows (Fig. 
3B). Both C. torosa and L. elliptica are euryhaline 
and eurythermal species that can tolerate wide en-
vironmental factors. The CCA results confirm that 
they are not significantly affected by environmental 
parameters in the wetland. 

According to the Spearman rank correlation 
analysis, C. torosa was positively correlated with Ta, 
Tw, pH, SAL and EC, but negatively correlated with 
oxygen saturation (Table 3). A positive correlation 
was observed between L. elliptica and air tempera-
ture, water temperature and salinity; it was negative-
ly correlated with oxygen saturation (Table 3). 

Discussion
Cyprideis torosa and L. elliptica are found in marine, 
brackish and freshwaters in Turkey (Altınsaçlı & 
Griffiths 2002, Perçin-Paçal et al. 2015). They 
were found during the entire sampling period, with 
C. torosa being more abundant. These two species 

Fig. 3. A: The Bray-Curtis similarity dendrogram of the three sampling stations; B: Canonical correspondence analysis 
(CCA) showing the relationship between the two species (red triangle) and eight environmental variables (black ar-
rows). For an explanation of the abbreviations and variables see Table 2.

Fig. 2. Seasonal changes in the abundance of ostracod species. CT (Cyprideis torosa) and LE (Loxoconcha elliptica).
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are widespread in Turkish brackish water regions 
(Altınsaçlı 2004; Altınsaçlı et al 2015a; Perçin-
Paçal et al. 2015). They were also found as the two 
most abundant ostracods in Mediterranean coastal 
lagoons (Marco-Barba et al. 2013). According to 
the Spearman rank correlation analyses, it seems that 
the most important ecological factors for the abun-
dance of the two ostracod species are Ta, Tw and Sal. 
The other parameters measured by us do not play a 
major role in affecting the ostracod abundance.

The observations of C. torosa in environments 
with higher oxygen values (6.48–7.78 mg L-1) are 
similar to those by Marchegiano et al. (2017). This 
does not mean that C. torosa cannot live in low DO 
levels; this species is also known for its ability to sur-
vive in depleted oxygen environments or even hypox-
ia (Jahn et al. 1996, Mesquita-Joanes et al. 2012). It 
is distributed globally, especially in the coastal zones 
of Europe, south-west Asia and Africa as well as in 
polar, temperate, subtropical and tropical aquatic re-
gions (Wouters 2016). Cyprideis torosa is a eury-
haline species with a high salinity tolerance (Meisch 
2000, Wouters 2016). It can also tolerate a wide 
range of temperature, oxygen and substratum types 
(Aiello et al. 2006, De Deckker & Lord 2017). The 
distribution of C. torosa in Turkey has been well doc-
umented: it is widespread from the southern to west-
ern Mediterranean coasts, the Aegean Sea, coastal 
zones of the Black Sea and in the Sea of Marmara as 
well as in inland waters (Altınsaçlı et al. 2015a,b, 
Altınsaçlı & Mezquita 2008, Perçin-Paçal et al. 
2015). Cyprideis torosa is the dominant species in eu-
saline and hypersaline waters (sensu Venice System 
1959) by Altınsaçlı et al. (2015c). In other studies 
conducted on the Akdeniz and Akbük Lagoons, C. 
torosa was also dominant (Altınsaçlı et al. 2015a). 

This species was determined in β-mesosaline waters 
in the Akbük Lagoon and in α-mesosaline-polysaline 
ranges in the Akdeniz Lagoon (Altınsaçlı et al. 
2015a). Both species were observed in the present 
study in β-mesosaline-eusaline ranges in the Karagöl 
Lagoon, according to the Venice system of classifica-
tion (1959). Cyprideis torosa prefers habitats that are 
nutrient-rich, with muddy or sandy-muddy substrata 
(Altınsaçlı et al. 2015b, c). However, this species 
has also been determined on entirely sandy substrata 
and on algae (Altınsaçlı et al. 2015b). The habitat 
type of the Karagöl Lagoon is sandy and muddy. 

Cyprideis torosa is a polymorphic and highly 
variable species, according to its carapace forms. The 
nodes at certain places on the shell of C. torosa ap-
pear in low saline (< 5 PSU) brackish waters (Keyser 
& Aladin 2004, Sandberg 1964, Vesper 1972). 
Because of this, nodes as used as an environmental 
indicator of low salinity and/or low calcium content 
(Keyser 2005). In this study, nodes were observed on 
the subfossil valves of the C. torosa at sampling sta-
tion 1, where freshwater input was present.

Loxoconcha elliptica is a very common spe-
cies in Turkish brackish waters (Altınsaçlı 2004, 
Altınsaçlı et al. 2015a, Perçin-Paçal et al. 2015). 
It is also very common in Europe, especially in estu-
aries and has been recorded in channels and channel 
margins with fine sediment (Ruiz et al. 1996) as a 
periphytic species (Carbonel 1980). Loxoconcha 
elliptica is found in habitats with extreme salinity, 
associated with algae and mud. It is a very eury-
haline (Martinez-Garcia et al. 2013), euryther-
mic and opportunistic ostracod species of coastal 
environments, similar to C. torosa (Nachite et al. 
2010). The number of individuals of L. elliptica was 
high in muddy and detritus-rich substrata but lower 

Table 3. Spearman correlation results of the species with environmental parameters (for abbreviations see Table 2) 
**Correlation is significant at the *p < 0.05, **p < 0.01 level (2-tailed).

  Ta Tw pH ORP DO SAT SAL EC AP CT LE

Ta 1,000
Tw ,934** 1,000

pH ,664** ,594** 1,000

ORP 0,000 -,007 -,269 1,000
DO -,689** -,627** -,254 -,197 1,000
SAT -,501* -,428 -,323 ,152 ,659** 1,000
SAL ,554* ,640** ,241 -,177 -,503* -,651** 1,000
EC ,454 ,585* ,213 -,170 -,419 -,654** ,963** 1,000
AP ,660** ,647** ,633** 0,000 -,216 -,116 ,216 ,215 1,000
CT ,846** ,773** ,676** -,197 -,519* -,728** ,702** ,636** ,474* 1,000
LE ,718** ,612** ,582* -,446 -,378 -,661** ,644** ,583* ,474* ,887** 1,000
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in sandy and detritus-poor substrata (Altınsaçlı 
2004, Altınsaçlı & Mezquita 2008, Altınsaçlı 
et al. 2015b).

Similar to our findings, two species were ob-
served in an environmental study conducted on the 
north-western Mediterranean coast by Salel et al. 
(2016). In southern Iberia, Ruiz et al. (1997) de-
termined L. elliptica and C. torosa in an estuary. 
Cyprideis torosa was determined an dominant in 
other Mediterranean lagoons in many of recent stud-
ies. Salel et al. (2016) pointed out that C. torosa 
dominates in confined regions, as well as in marine 
channels linked to inlets, while L. elliptica dominates 
where there is freshwater input leading to lower sa-
linity levels, as is the case with the Karagöl Lagoon.

According to the results of the Spearman rank 
correlation analysis, statistically significant corre-
lations existed between physicochemical variables 
and C. torosa and L. elliptica. The positive correla-
tion determined between salinity and these species 
was an expected result from the Karagöl Lagoon be-
cause these two species are the most typically occur-
ring in coastal brackish water. Similar relationships 
were observed in a study performed in five brack-
ish karstic springs located in the Muğla Province 
(Altınsaçlı et al. 2015b).

Ecological factors such as pH, dissolved oxy-
gen, conductivity, temperature, bottom substratum, 
water flow speed and depth also play important roles 
in determining the biological diversity and abun-
dance of bottom-dwelling (benthic) organisms like 
ostracods. Our results indicate that a close relation-
ship exists between ostracod assemblages, salin-
ity, water flow and bottom substratum type. Many 
studies performed on ostracods have shown that sa-
linity is one of the main controlling factors deter-
mining their distribution (Aladin 1993, Horne & 
Boomer 2000, Meisch 2000; Ruiz et al. 2000a; b, 
Altınsaçlı 2014, Altınsaçlı et al. 2014, 2015b).

Alluviums carried to the Karagöl Creek formed 
a sandy barrier between the Karagöl Lagoon and the 
Aegean Sea. More freshwater input and less detritus 
transport by the Karagöl Creek can explain the dom-
inance of C. torosa during all the seasons at each sta-
tion. This species is resilient (Poquet et al. 2008), 
not easily affected by contamination and able to tol-
erate a wide range of ecological parameters (Barut 
et al. 2015, Ruiz et al. 2000a). On the other hand, 
L. elliptica requires brackish or seawater input with 
muddy and rich detritus to be dominant.

This study provides a starting point to evaluate 
both past and present conditions. Monitoring the in-
tact natural habitat of the Karagöl Lagoon provides 
important ecological-change data for future studies.
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