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Abstract

Akdeniz and Akbiik lagoons are part of a shallow coastal
ecosystem of great aesthetic and ecological importance, located
in Mugla Province in the southern Aegean region of Turkey.
In the present study, four expeditions to collect ostracods
from these lagoons were conducted in May, July, October, and
November of 2008. Benthic samples were obtained monthly and
several environmental factors were recorded simultaneously in
situ. The ecological preferences of the ostracods were monitored,
and qualitative and quantitative samples were collected from
three sites in Akdeniz lagoon and two sites in Akbiik lagoon.
Three ostracod taxa (Cyprideis torosa, Loxoconcha elliptica
and Cytherois fischeri) were identified from the Akdeniz
lagoon sampling sites and one species (Cyprideis torosa) from
the Akbiik lagoon sampling sites. We present and analyze the
dominance and distribution of ostracod assemblages and their
relationships to environmental factors: temperature, dissolved
oxygen, percentage oxygen saturation, pH, redox potential,
salinity, and electrical conductivity) using classification and
ordination techniques. Canonical correspondence analysis
(CCA) is used to characterize the relationship between
ostracods and the environmental variables. Approximately 82%
of the correlation between the community composition and
environmental variables was explained by the first axis of the
CCA ordination for the Akdeniz lagoon. The study revealed
that the distribution and population density of ostracod species
depends on the physicochemical properties of the environment.
The reason for this is that Cyprideis torosa and Loxoconcha
elliptica are euryhaline species.
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Introduction

Wetland areas and thelands around lakes, lagoons,
ponds, rivers and brooks are important life spaces
(biotopes) for species. Since these areas represent a
natural habitat for many forms of life, they need to
be protected and used in a way that does not affect
the ecological balance. In order to protect them, we
need information gathered through limnological,
zoological, ecological, and hydrological studies.
Some current and former scientific studies provide
detailed information on the flora, fauna and ecology
of some of these areas. Nevertheless, as a result of
much research, the importance of these areas and the
threats they are facing is understood and they have
been taken under legal protection.

Along the 8333 km Turkish coastline, there are 14
lagoons at the Black Sea, 12 at the Marmara Sea, 128 at
the Aegean, and 17 at the Mediterranean, comprising
a total of 171 lagoons. Among these lagoons, three
are national parks, three special protected areas, two
nature conservation areas, six wildlife conservation
areas, and five sites designated by local authorities
for the protection as natural and cultural heritage
sites (Deniz & Celebi 2008).

The brief inventory of the existing data for
Turkish lagoons shows that traditional fishing is
carried out in 43 lagoons, representing 64% of the
total surface area of these waters. Different types of
nature and wildlife protection have been declared
for outstanding 83% of the lagoons, amounting to
23 water bodies. However, the bans on fishing and
related activities in 44 protected areas are not fully
enforced by the fisheries management of the Turkish
lagoons (Deniz & Celebi 2008). Studies conducted
on lagoons in Turkey by Uyguner and Gozenalp
(1959), STM (consultancy firm) and the Ministry of
Agriculture and Rural Affairs (STM & MARA 1996),
Yerli & Bayrak (1992) and Yerli (1999) revealed
important scientific information. The ecological
characteristics and faunal components of the lagoons
in Turkey are, however, still poorly researched.

Ostracods are amongst the most important
aquatic organisms for modern and paleo-
environmental studies (Frenzel & Boomer 2005,
Ruiz et al. 2005), and are good indicators of organic
pollution (Rosenfeld & Ortal 1983), because they
are sensitive to changes in environmental factors
and useful as indicators of water quality (Mezquita
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et al. 1999 a, b, ¢; 2000). Moreover, ostracod species
are abundant worldwide in aquatic environments
and some of them have a high tolerance to changes
in water quality (Zarikian et al. 2000). Out of these
species, Cyprideis torosa (Jones, 1850) has been used
as a salinity paleoindicator (e.g. Vesper 1972, Van
Harten 1975, Boomer 1993, Boomer et al. 1996, Roca
& Julia 1997, Frenzel & Boomer 2005, Marco-Barba
et al. 2013), from the perspective of morphometric
variability and ornamentation (Kilenyi 1972; Vesper
1975; Van Harten 1975, 1996, 2000; Carbonel 1983;
Frenzel et al. 2011), genetics (Tetart 1983; Sywula et
al. 1995), geochemistry (Bodergat etal. 1991; Anadén
et al. 1994; Wansard 1997; Wansard et al. 1998;
Marco-Barba et al. 2012) and physiology (Herman
& Heip 1982, Jahn et al. 1996). Faunal (Kuban¢ &
Altinsaghi 1990, Kiilkoyliioglu et al. 1993, Kaleli
1993), paleoecological, (Nazik et al. 1999, Meric et al.
2010, Mischke et al. 2012), and ecological (Altinsagl
2004, Per¢in-Pacal 2011) studies have contributed to
determine ostracod fauna of the lagoons in Turkey.
The present study aims to analyze in detail the
distribution and abundance of ostracod species in
Akdeniz and Akbiik lagoons and to investigate the
key environmental factors affecting the ostracoda
community structure. This will enable us to estimate
the past, current, and future habitat conditions,
according to the ecological preferences and the
tolerance level of ostracod species in Akdeniz and
Akbiik lagoons, now threatened by pollution.

The objectives of this study are: (1) to describe
the diversity and distribution of ostracods found
in two lagoons of Milas and Bodrum Districts in
Mugla province, Turkey; (2) to describe the impact
of anthropogenic and agricultural activities on
these two lagoons; (3) to understand the ecological
characteristics of ostracods found in these lagoons;
(4) to examine whether lagoon protection provides
any benefits for aquatic biodiversity, and (5) to
discuss the conservation status of these two lagoons.

Materials and methods

The Akbiik and Akdeniz lagoons are situated on
the western coast of Turkey adjacent to the Aegean
Sea (Fig. 1). The Akbiik lagoon is situated on the
north coast of the Gulf of Gokova, while the Akdeniz
lagoon is on the north coast of Tiirkbiikii Bay.
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Figure 1

Akdeniz and Akbiik Lagoons with sampling sites

The Akdeniz Lagoon (Lake Akdeniz): With a
maximum depth of 2 m, the Akdeniz lagoon covers
an area of 1.4 ha and is connected with Tiirkbiiki Bay
(Aegean Sea) by two narrow channels, one natural
and the other artificial. Some parts of the lagoon
were used for fish farming in the 1990s. In 1990,
two drainage channels were excavated by business
administrators of a fish farm to drain water from
the lagoon into Tiirkbiikii Bay on the Aegean, which
dried up the shallow section (9.5 ha) of the lake.
The Akdeniz lagoon and Goélkdy Important Plant
Area represent an important and rare natural
habitat of Phoenix theophrasti Greuter which grows
only in three areas: Crete, Antalya’s Karaoz harbor,
and the Datga peninsula (Boydak & Barrow 1995).
Theophrastus or Cretean palm (Phoenix theophrasti),
together with the dwarf palm Chamaerops humilis
L. are the only indigenous palms in Europe. They
grow in Crete and south-west Turkey, in coastal
areas (usually on sandy and soaked soils). Around
the lagoon, there are reeds, rushes, tamarisk and
Cretan palm trees, as well as olive tree plantations,
while on the rocks and elevated places — pine trees.
There are date trees in the wetland to the west of
the lagoon, around the natural outlet (canal); the
brackish water that runs through this canal is quite
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important to the growth of trees. In the past, the
Cretan Date Palm grew in a 6.5 ha section of the
wetland area but this has now declined to 3 ha
due to damage caused by anthropogenic activity
such as tourism and holiday cottage construction.
Despite the classification of this lagoon as a first
degree (SIT) protected site, it is still exposed to
many threats. There are fewbrackish water resources
on the southern side of the lagoon and rather little
rain water feeds the lagoon.

The Akbiik Lagoon: The Akbiik lagoon is located
in the province of Mugla in the southern Aegean
region of Turkey. It is a shallow coastal ecosystem of
great aesthetic and ecological importance, included
in the Gokova Special Environmental Protection
Area (SEPA), designated in 1988. The Akbiik Lagoon
covers an area of 9.6 ha with a maximum depth of 3
m. It is an open water brackish lagoon with seawater
entering through a small channel on its western side.
In this region, such brackish wetland areas, with
outflows directly into the sea for most of the year,
are called ‘azmak’ These azmaks have quite different
characteristics compared to those of hypersaline
lagoons. Most of the lagoon is covered with reed and
rushes, with small areas of Tamarix and glasswort
(Salicornia). The region of Akdeniz and Akbiik
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lagoons has a typical Mediterranean climate, with hot
and dry summers and mild, wet winters (Fig. 2). In
the greater part of the Akbiik lagoon is covered with
the reeds, and the water at the bottom of the reeds
dries out during the summer and autumn months.
The lagoon is fed by high-flow underground water
sources and rain. Thus, with subterranean water
feeding the lagoon, water flows into the sea all year
round. The surrounding higher ground is covered
with pine trees as are the surrounding areas rented
to the private sector for the use as picnic areas by the
Forest and Environmental Ministries.
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Figure 2

Monthly average rainfall data of the Mugla province
between 1960 and 2012. (Turkish State Meteorological
Service: Devlet Meteoroloji isleri Genel Miidiirligi or
DMi, 2013)

Both lagoons are isolated from the sea by a wide
barrier, with seawater entering through a narrow
and shallow inlet, depending on prevailing weather
conditions and the state of the road constructed on
the natural barrier.

The collected subfossil shells of Cyprideis torosa
together with adult and juvenile ostracod individuals
within the same surface sediments were also
evaluated and investigated. Noded and unnoded
shells of Cyprideis torosa from the surface sediments
were used as indicators of salinity variation.

Ostracods and surface sediments were
collected from the shallow littoral zone (<1 m) using
a hand net (250 um mesh size) at each sampling site.
Two hundred milliliters of sediment (with submerge
aquatic plants) were collected from a depth of 10 to
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60 cm (ca. 1 sq. meter (m?*) of area) using a standard
hand net (250 um mesh size). Sediment samples were
kept in polyethylene jars (250 ml bottles) containing
4% formaldehyde solution and fixed in situ. Seasonal
sampling (May, July, October and December) was
conducted in both Lake Akdenizand Akbiik Lagoons.
Samples were collected from the shallow littoral zone
(<1 m). In the laboratory, these samples were washed
with pressurized tap water, and separated from
sediment using four standardized sieves (2.0, 1.5,
0.5, 0.25 mm mesh size, respectively). The samples
were then fixed again in 70% ethanol. The retained
material was transferred to a Petri dish. The number
of adult and juvenile individuals of each ostracod
species was counted under a stereomicroscope.
Ostracod specimens were stored in 1:1 70% ethanol
to glycerin. Species were identified using both soft
parts and carapace-based characters, using standard
identification keys (Bronshtein 1947, Mordukhai &
Boltovskoi 1969, Barbeito-Gonzales 1971, Hartmann
& Puri 1974, Bonaduce et al. 1975, Breman 1975,
Athersuch 1977, Yassini 1979, Stambolidis 1985,
Meisch 2000). Various invertebrate and vertebrate
animal species, and macrophyte species other
than ostracod species were identified to the lowest
possible taxon (Table 1). Vertebrate and invertebrate
animal species and macrophytic plant species in the
same sediment samples have also been documented
(Table 1). Non-ostracod invertebrates were not used
in statistical analysis.

Physicochemical variables were measured
through the seasons at all three sampling sites in
Akdeniz and two sampling sites in the Akbiik lagoon
through 2008. At each site, several physicochemical
parameters, such as temperature (°C), salinity (PSU),
pH, dissolved oxygen (mg1"), electrical conductivity
(mS cm™), and reduction potential (Eh; mV) were
measured before sediment sampling with the
handheld model WTW 340i multimeter equipment
in situ. The data on physicochemical environmental
parameters, ostracod species determined in the two
lagoons, and the numbers of individuals for each
ostracod species are presented in Table 2. Each
site was monitored at seasonal intervals. Seasonal
variations in the salinity of Akdeniz and Akbiik
lagoons are presented in Figure 3.

Geographical data (latitude and longitude)
were obtained with a global positioning system
(Garmin GPS eTrex H) unit (Table 2). The
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Table 1

AKDENIZ LAGOON
FAUNA
POLYCHAETA
Capitella capitata (Fabricius, 1780)
Hediste diversicolor (O.F. Miiller, 1776)
Heteromastus filiformis (Claparede, 1864)
Perinereis cultrifera (Grube, 1840)
Capitella capitata (Fabricius, 1780)
Heteromastus filiformis (Claparede, 1864)
Perinereis cultrifera (Grube, 1840)
CRUSTACEA
Mysidacea
Mesodopsis slabberi van Beneden 1861
Amphipoda
Corophium orientale Schellenberg, 1928
Gammarus aequicauda (Martynov, 1931)
Gammarus crinicornis Stock, 1966
Isopoda

Idotea baltica (Pallas, 1772)
Sphaeroma serratum (Fabricius, 1787)
Tanaidecea
Leptochelia savignyi (Kroyer, 1842)
Tanais cavolini Milne-Edwards, 1829
Tanais filiformis Lilljeborg, 1864

Invertebrate, vertebrata and plant species list that determined along with ostracod species in Akdeniz and Akbiik

AKBUK LAGOON

Hediste diversicolor (O.E. Miiller, 1776)
Heteromastus filiformis (Claparéde, 1864)
Perinereis cultrifera (Grube, 1840)

Mesodopsis slabberi van Beneden 1861
Siriella armata (Milne-Edwards, 1837)

Corophium orientale Schellenberg, 1928
Gammarus aequicauda (Martynov, 1931)
Gammarus crinicornis Stock, 1966
Gammarus subtypicus Stock, 1966

Decapoda
Carcinus aestuarii Nardo, 1847
MOLLUSCA
Bivalvia
Cmu::Zi;zzzzzl:np%:)ilrizél 789) Cerastoderma glaucum (Poiret, 1789)
Gastropoda

Hydrobia acuta (Draparnaud, 1805)
Myosotella myosotis (Draparnaud, 1801)
Nassarius incrassatus (Strom, 1768)
Planorbis planorbis (Linnaeus, 1758)

Chelon labrosus (Risso, 1826)
Liza ramada (Risso, 1826)
Liza saliens (Risso, 1810)
Mugil cephalus (Linneaus, 1758)

Bittium reticulatum (da Costa, 1778)
Theodoxus fluviatilis (Linnaeus, 1758)
Hydrobia acuta (Draparnaud, 1805)
Hydrobia ventrosa (Montagu, 1803)
Myosotella myosotis (Draparnaud, 1801)
Nassarius reticulatus (Linnaeus, 1758)

Chelon labrosus (Risso, 1826)
Gambusia affinis (Baird & Girard, 1853)
Liza ramada (Risso, 1826)

Liza saliens (Risso, 1810)

Mugil cephalus (Linnaeus, 1758)

REPTILIA

Emys orbicularis (Linnaeus, 1758)
Natrix natrix (Linnaeus, 1758)

FLORA

Chaetomorpha crassa (C. Agardh) Kiitzing 1845

Carex riparia Curtis

Juncus littoralis C.A. Mey.

Enteromorpha sp.
Phragmites australis (Cav.) Trin. ex Steudel

Tamarix hampeana L.

Phoenix theophrasti Reuter

Salicornia sp.

coordinates of sampling sites are given in Table
3. Water transparency was determined with a 25
cm diameter Secchi disc. The coordinates of the
Akdeniz and Akbiik sampling sites, biotope types
and water transparency values are given in Table 3.

Ostracoda community structure was analyzed
using the total number of individuals (n), the number
of species (S), and the Shannon-Wiener species
diversity (H’) (Zar 1984). The Shannon-Weaver
diversity index was estimated using Biodiversity Pro
version 2.0 (McAleece 1997).

Sorensen’s Similarity Index was wused to

LTt h¥oceged INoT)

Chaetomorpha crassa (C. Agardh) Kiitzing 1845
Chara aspera C.L. Willdenow 1809
Carex riparia Curtis
Juncus littoralis C.A. Mey.
Enteromorpha sp.

Phragmites australis (Cav.) Trin. ex Steudel
Potamogeton pectinatus L.

Ruppia maritima L.

Tamarix hampeana L.

Salicornia sp.

compare ostracod fauna similarities of the two
lagoons based on species presence following the
formula:

2c
a+b

Sorensen Similarity Index = x100

where ¢ - the number of species common to both
sites A and B, a - the number of species found at
site A, and b = the number of species found at site B
(Magurran 1988).

DE GRUYTER

©Faculty of Oceanography and Geography, University of Gdansk, Poland. All rights reserved.



Diversity, spatiotemporal distribution and abundance of ostracoda in Akbiik and Akdeniz lagoon

Oceanological and Hydrobiological Studies, VOL. 44, ISSUE 2 | JUNE 2015

Table 2

The data on physico-chemical environmental variables, ostracod species and number of ostracod specimens of each

lagoon
Station
762 -39 256 157  3.50
Station 2 [T 53255 155 444
789 54 257 158 438
779 -486 256 156 410
707 41 277 172 433
745 226 263 162 590
ISEl 50 -28 266 165 470
734 316 268 1663 497
7.07 4 332 205 330
745 226 271 172 490
750  -28 282 166 450
734 <193 295 181 423
762 39 266 162 3.50
786 -53 259 165 521
789 54 264 168  5.38
779 486 263 165  4.69
789 54 332 205 59
Y™ 707 54 255 155 33
I
Station 1 [ERD) 62 1685 9.9 435
Station 2 AV 59 1381 80 435
799 60 1533 895 435
8.50 66 1528 9.0 410
781  -61 1420 83 487
815  -635 1474 865 448
8.31 59 1392 81 479
787  -53 1270 7.6 450
809 56 1331  7.85  4.64
775 48 122 71 540
765  -41 107 66 453
770 -445 1145 685 496
Max. (B 66 1685 99 54
Y 765 41 107 66 41

Eh EC Sal. DO %S T | Dpin LE | CF
(w) (m)

Akdeniz Lagoon

4.0 190 o5 I s s 6
523 230 o5 [ 1160 500 4
s13 228 o5 [ 0 s 0
482 216 05 1597 586 10
s70 215 o4 [ 45 o0 12
700 290 o4 | 190 1120 s
so4 287 o4 [ 19 0
621 264 04 2161 1199 20
40 197 o4 | 0 5
595 257 o4 [ 1123 s0 4
573 254 o4 | » o 0
53.6  23.6 04 1413 906 9
4.0 170 o5 [N 5 10 4
693 160 o5 | 55 360 3
725 156 o5 [ o 9 0
60.9 162 05 890 459 7
725 287 05 6061 3150 46
o 1seos

Akbiik Lagoon

s04 220 o5 [ >0 - -
stz 218 o5 [ - - -
508 219 05 312 - -
sts 246 o5 [ 0 - -
543 220 o5 [N o0 - -
529 233 05 1380 - -
s9.0 242 o5 [ 50 - -
sés 223 o5 [ < - -
567 232 05 1184 - -
750 140 o5 | EEGEg s - -
ss2 130 o5 | s« - -
651 135 05 134 - -
75 246 o5 [EGBG - -
504 13 0.5 3010 - -

Abbreviations: pH; Eh - redox potential (mV); DO - dissolved oxygen (mg I'"); T, - water temperature (°C); EC - electrical conductivity (mS cm™);

S - oxygen saturation (%); Sal. - salinity (PSU); n - number of individuals; Max - maximum; Min - minimum; CT - Cyprideis torosa, LE - Loxoconcha

elliptica and CF - Cytherois fischeri

Canonical Correspondence Analysis (CCA) (ter
Braak 1986, 1987; ter Braak & Barendregt 1986)
was used to show relationships between three
species and six selected environmental variables
(EC, DO, Temp, pH, Sal. and %Sat.) in Akdeniz
lagoon. Only one ostracod species was identified

preferred to use the same environmental variables in
correlation analysis. We used Spearman correlation
analyses to outline correlations among variables
and species. Correlations between species and
environmental variables were analyzed with a two-
tailed nonparametric Spearman correlation analysis
performed with the SPSS 10.0 software program
(SPSS 1999). These results are significant at the 0.01
level and/or 0.05.
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Table 3

Coordinates, substrate type and water transparency values of each station in the Akdeniz and Akbiik lagoons

Station No Coordinz Secchi Disc depth Type of substrate

Akdeniz La

37006 49.08” N

Bottom 50 cm Sandy -gravel
27° 24’ 00.48” E
37006’ 49.28” N
Bottom 50 cm Sandy mud
27°24’ 01.03” E
37°07° 09.09” N
Bottom 50 cm Sandy mud
27°23°50.30” E
Akbiik Lagoon
37°01° 55.19” N
1 Bottom 50 cm Sandy mud
28° 05 53.26” E
37002’ 00.17” N
2 Bottom 50 cm Muddy sand
28005’ 44.66” E
185 10
180 ol 895
8.65
LS * 7-85\/\
7
§ 17.0 g ] ~
o 165 a
2 z 5
£ 16.0 £ ‘
T = 4
@ 155+ @
31
15.0 ol
145 14
14.0 . . - 0 - - T
Autumn Winter Spring Summer Autumn Winter Spring Summer

Figure 3

Seasonal variations in the salinity of Akdeniz and Akblik lagoons

Results Cythreois fischeri
— (1%)

Three ostracod species (Cyprideis torosa (Jones,
1850), Loxoconcha elliptica and Cytherois fischeri)
were found in the Akdeniz lagoon (Table 1). In the
Akbiik lagoon, only one species (Cyprideis torosa)

was found. The most common species in the Akdeniz L°X°°°(’;°4f’; f”"’”ca

lagoon was Cyprideis torosa, which was present at
all three sites, (6061 specimens, i.e. 65% of the total Cyprides forosa
specimens counted), followed by Loxoconcha elliptica (65%)
Brady, 1868 (also at all sites; 3150 individuals — 34%)
and then Cytherois fischeri (Sars 1866) (sites 1 and 2
only; 46 specimens — 1%). Only Cyprideis torosa was
found in the Akbiik lagoon (present at both sites)
(see Fig. 4).

Seasonal changes in the number of ostracods
found in the Akdeniz lagoon are presented in Figure

) U A o o S )
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Figure 4

The number of specimens and the relative abundance
rate of ostracod species found in Akdeniz lagoon
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5, and for Cyprideis torosa in the Akbiik lagoon in
Figure 6, and the seasonal changes in the number
and relative abundance (%) of Cyprideis torosa in
Akbiik lagoon in Figure 7.

In Akbiikk lagoon, approximately half (1520
specimens) of the total number of 3010 Cyprideis
torosa specimens were found at the first site and most
of the rest (1490 specimens) at the second site. The
two sites at the Akbiik lagoon had a similar number
of species: the source water forming a stream towards
the sea that affects both sites similarly. The highest
abundance was observed in the summer (1380
specimens, 46%).

According to the Shannon-Weaver index, the
highestlevel of diversity was found at Site 2 (H’=1.007)
and the lowest at Site 3 (H’=0.289) in Akdeniz
lagoon (Table 4, Fig. 8). The highest diversity for all
sites was found in the summer months. The second
site represents the lagoonal habitat, so this site has
the highest biodiversity. The first site represents the
lagoon’s resource habitat, and the third site, by the
canal to the sea, represents the slow flowing canal
habitat (Fig. 6).

According to Sorensen’s similarity coefficient,
the ostracod fauna of Akdeniz lagoon is in 50%
similar to Akbiik (Table 5). According to the
Spearman correlations analyses for the Akdeniz
lagoon, Cyprideis torosa was positively correlated
with Loxoconcha elliptica (r: 0.839, p < 0.01), while
Cytherois fischeri was positively correlated with
Cyprideis torosa (r: 0.649, p < 0.05) and Loxoconcha
elliptica (r: 0.610, p < 0.05). These three species
clearly show significant correlation (Table 5). There
is a weak negative correlation between salinity and
Cyprideis torosa and Loxoconcha elliptica. Cytherois
fischeri is negatively correlated with pH (p < 0.01).
Depth is positively correlated with pH (p < 0.01),
but negatively correlated with electrical conductivity
(p < 0.01), salinity (p < 0.05) and temperature (p <
0.05).

For the Akbiik lagoon (Table 5), Cyprideis torosa
shows a high positive correlation with temperature
(p < 0.05), but is weakly (positively) correlated with
pH, electrical conductivity, and salinity. C. forosa is
weakly negatively correlated with DO and oxygen
saturation (see Table 5). The pH was highly positively
correlated with temperature (p < 0.01), electrical
conductivity (p < 0.05), and salinity (p < 0.05) (see
Table 5).
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Seasonal changes in the number of specimens of
Cyprideis torosa at the sampling sites in Akbuk lagoon
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Figure 7

Seasonal changes in the absolute and relative

abundance (%) of Cyprideis torosa in Akblik lagoon

Results from the salinity analysis shows that
Akdeniz lagoon has either a mesosaline (Gasse et
al. 1987) or a- mesosaline (Venice System 1958)
character (Table 1). On the other hand, Akbuk
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Table 4

Shannon Weaver Diversity index values in spring, summer, autumn and winter
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Figure 8

Seasonal Shannon-Weaver diversity index values for
Akdeniz lagoon
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number of specimens Shannon-Weaver diversity index
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3 3028 0.975
2 35 0.995
Y
3 200 0.707
3 1997 1.007
2 131 0.416
I I
3 251 1.09%4
3 998 0.953
2 108 0.417

body. The Secchi disk was seen at the bottom of both
lagoons in all seasons (Table 2, 3). Because only one
ostracod species was found in Akbiik lagoon, CCA
analysis was not appropriate or possible, but to offer
consistency with the CCA analysis for Akdeniz,
we used the same environmental variables but in a
Pearson correlation analysis (Table 6). Neither CCA
(Akdeniz) nor Pearson correlation analysis (Akbiik)
indicated a relationship between physicochemical
conditions and species occurrence and spatial
distribution, because neither of the two lagoons
conforms to typical specifications (shallowness,
high evaporation in the summer period, and low
water flow) as do most other lagoons. Moreover,
these three species are able to tolerate a wide range
of fluctuating ecological conditions. Cyprideis
torosa and Loxoconcha elliptica can be found
closer to the center of the CCA diagram due to
euryhaline characteristics, whereas C. fischeri is a
better discriminant in its selection of brackish water
conditions (Fig. 9).

See figure 10 for photographs of Cyprideis torosa
and Loxoconcha elliptica.

Discussion

The mean salinity level in the Akdeniz lagoon
was 16.5 PSU in winter, 15.6 PSU in spring and
increased from 16.63 PSU to 18.1 PSU in the summer
months, most probably because of the decreased
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Table 5

Spearman correlations between the environmental variables and ostracod species. Codes are the same as in Tables 2.
High correlations (P<0.05) and (P<0.01) are indicated in bold.

Akdeniz Lagoon

les
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1
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**p<0.01 level (2-tailed) * p<0.05 level (2-tailed) N.S. not significant;

Table 6

The main results of Canonical Correspondence Analyses for Akdeniz Lagoon
ey 0026 0.007 0.015 0.001
Species-environment correlations RIS 0.844 0.000 o 00 |

Cumulative percentage variance of species data 52.7 67.6 e 100.0 _
Cumulative percentage variance of species-environment relation 77.9 100.0 0.0 0.0 _
Sumofalleigenvalues | [ 0040

Sum of all canonical eigenvalues 0.033

1.0

precipitation and evaporative losses at the end
of the spring and summer months (Table 7). We
also observed the highest salinity rate at site 1 in
October (20.5) and the lowest at site 2 in May
i Sal. (15.5). The Akdeniz lagoon is fed by water sources
from the foot of a south-facing slope. This water has
a mesosaline character and a flow rate that rises in
the winter and spring months. The brackish water
T(w) 4 . sources are supplemented by surface drainage from
small hill slopes on the southern side of the
lagoon and seawater drainage from the aquifers at

Figure 9

Diagram of Canonical Correspondence Analysis (CCA)
shows relationships between 3 species (triangular) and
six selected environmental variables (EC, DO, Temp., pH,
1.0 . . . . . . . . Salinity and percentage oxygen saturation) (arrows) in

-0.8 1.0 Akdeniz Lake. Abbreviations are the same as in Table 2.
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Figure 10

A - Loxoconcha elliptica (Male); B - Loxoconcha elliptica (Female); C - Cyprideis torosa (Female); D,E - Cyprideis torosa

(scale 500 um). White arrows: Anterior side

the base of the lagoon. The reason for the brackish
character of the water sources is that they are mainly
composed of the sea water sources. The permanent
water sources around the lagoon are not apparent
and visible due to the raised water level in rainy years,
but they become evident when the rain decreases
and the water level falls in the summer and autumn
months. There is definitely no water entry from the
channels which connect the lagoon with the sea, as
the flow is always outward.

Table 7
The precipitation level of the Mugla province
between the 1960-2012 (DMi 2013). http://dmi.
gov.tr/veridegerlendirme/il-ve-ilceler-istatistik.
aspx?m=MUGLA

Winter months | Spring months Autumn months

kg m?

183-227.9 46.8-118

B roandhoceantgedutp |

9.8-22.7 23-139.2

Around the Akbik lagoon, there are no
supplementary surface water sources. This lagoon
is fed internally, from the bottom. High flow water
resources exist on contact line of terrestrial and
coastal strata at northern side of the Akbiik lagoon.
Aquifers located at the bottom of the lagoon are
regularly fed by the seawater and rain water. The
lagoon water is therefore brackish. Akbiik lagoon
water is less salty than Akdeniz, because it receives
relatively more fresh water. Salinity levels decrease
further during rainy seasons. Like the Akdeniz
lagoon, Akbiik also has no water supply whatsoever
from the narrow channels which connect it with the
sea, again with the water from this canal running
seaward throughout the year. The clarity and blue
coloration of the water in both lagoons indicate
very low levels of nutrients and algae. Secchi disc
measurements and physical specifications (always
clear and blue waters) confirm this. The fact that both
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lagoons are supplied by underground water and rain,
and flow outward into the sea, and also the small
amounts of nitrogen and phosphorus that enter due
to the negligible use of fertilizers in the surrounding
olive plantations, suggest that both lagoons have
oligotrophic characters.

Low diversity values could be natural or a result
of anthropogenic stress — in other words, low values
of Shannons diversity may not necessarily be a
sign of degradation (Rullet & Duavin 2007). The
majority of Cyprideis species inhabit brackish (oligo-,
meso-, meta-, and hypersaline) environments (Van
Morkhoven 1963). Cyprideis torosa (Jones 1850) is
a member of the brackish biocenosis in European
coastal waters and is often very abundant in hypo-
as well as in hypersaline waters (Meisch 2000). It is
also one of the commonest marginal marine ostracod
species in the northern hemisphere (Frenzel et al.
2012).Itisa holoeuryhaline and strongly eurythermic
species, but its main distribution is in the sediments
of shallow brackish water habitats where large
amounts of organic detritus are present (Heip 1976).
As well as being a detritus feeder, Cyprideis torosa
also lives on algae, diatoms, and bacteria (Meisch
2000). The substrates of both lagoons are composed
of sand or gravel and do not include rich detritus.
Any detrital material would be transported out of the
lagoons through the seawater channels. This probably
explains why high densities of populations containing
large number of individuals of Cyprideis torosa were
not observed in the present study.

Cyprideis torosa has been recorded in 14 (some
oligohaline, some hypersaline) coastal wetland
areas of Turkey examined by Altinsa¢li (2004). This
species was identified at the Ayvalik saltpan, Badavut
lagoon, Yenisakran saltpan (Kubang & Altinsagh
1990), Kiigiikgekmece lake (lagoon) (Kiilkoyliioglu et
al. 1993), Karabogaz lagoon (Kaleli 1993), Akyatan
lagoon (Nazik et al. 1999), Camalt1 saltpan (Merig et
al. 2010), and Hersek lagoon (Mischke et al. 2012).
It was also found in the spring water which feeds
hypersaline Lake Acigol by Altinsagli and Mezquita
(2008). The Akdeniz and Akbiik mesosaline lagoons
are therefore preferred habitats for Cyprideis torosa.

The surface sediments taken from the Akbiik
lagoon contained some subfossil valves of Cyprideis
torosa in noded forms. Cyprideis torosa develops
phenotypic tubercles on one or both valves
when moving to less saline environments (Van
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Morkhoven 1963, Keyser & Aladin 2004). In
water with low salinity (< 5 PSU), the valves often
have nodes (Sandberg 1964; Vesper 1972, 1975;
Neale 198). We suggest that from time to time the
salinity level in the lagoon falls below < 5 PSU (or 7
PSU) in rainy seasons of very wet years. Although
the Akbiik lagoon is a lagoon, it is fed by very
large karstic brackish water springs. In the Akdeniz
lagoon sediments, only subfossil valves without
nodes (Cyprideis torosa forma littoralis) are found.
The physicochemical conditions in Akdeniz and
Akbiik provide a very suitable habitat for this form
of the species. This account for the fact that 65% of
the ostracod samples collected in Akdeniz belonged
to this species (C. torosa), a percentage that rises to
100% in Akbiik.

In both lagoons, females exceed male in number.
C. torosa produces eggs all year round and show
a bivoltine reproductive pattern (Mezquita et al.
2000). The first generation of Cyprideis torosa, from
eggs produced in spring, reaches the adult size after
approximately 154 days (Mezquita et al. 2000). The
second generation, starting in autumn, develops more
slowly, reaching adulthood after 196 days on average.
Maximum counts for C. torosa in both lagoons in the
summer months confirm this reproductive pattern
(Table 2), these results therefore match those of
Mezquita et al. (2000).

Loxoconcha elliptica (Brady 1868) is another
frequent and ubiquitous species found in brackish
coastal waters (mesohaline) with salinity levels
between 18-30 PSU. It thrives in shallow waters (20
m or less) in lagoons, gulfs, estuaries, river mouths,
and tidal plains, commonly associated with algae and
mud (Bonaduce et al. 1975, Carbonel et al. 1975,
Athersuch et al. 1989, Pascual & Carbonel 1992,
Besonen 1997). Loxoconcha elliptica tolerates a
wide range of salinities and is frequent in coastal
swamps, estuaries and lagoons (Ghetti & McKenzie
1981, Athersuch et al. 1989); it even tolerates high
salinities (up to 65 PSU) in Mediterranean saltpans
(Zaninetti 1982, 1984) where it is found together
with C. torosa. This euryhaline species was found
together with Cyhterois fischeri in the lower section
of the Huelva Estuary (Ruiz 1995) and has been
recorded from similar wetland areas like Mecidiye
lagoon, Vakif lagoon, Lake Kdycegiz, Giilliik lagoon
(Altinsagli 2004) and the Tuzla saltpan (Kuban¢ &
Altinsagli 1990) together with Cyprideis torosa. In
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this study, it was recorded in sandy mud and sandy
substrate with rock in the Akdeniz lagoon, again
together with C. forosa. The water quality at this site
is strongly influenced by a freshwater inflow and
does not become strongly hypersaline in summer.
Two of the recorded species: Cyprideis torosa and
Loxoconcha elliptica occur normally with rather even
populations through the year, while the third one
(Cytherois fischeri) was found only during the warm
season. Loxoconcha elliptica begins reproduction
in spring, producing two or three generations
through the summer, the last surviving through the
following winter (Athersuch et al. 1989). Our data
is therefore consistent with data of Athersuch et al.
(1989). Loxoconcha elliptica is used as an indicator
organism in ecological and paleoecological studies,
along with Cyprideis torosa. It is always subordinate
to Cyprideis torosa when found in the same habitat
(Altinsagli, unpublished data). Our observations
indicate that as the ostracod population density
increases, its species diversity decreases.

Cytherois fischeri (Sars 1866) was found at sites 1
and 2 in the Akdeniz lagoon. Like L. elliptica and C.
torosa, C. fischeri is a euryhaline species (Rodriguez
& Pascual 1985; Ruiz et al. 1996; Ruiz et al. 1997a,
b). It has been found in estuaries (Rodriguez et al.
1985, Ruiz et al. 1996) and lagoons (Ruiz et al. 2006).
C. fischeri has been recorded at the Gilliik lagoon,
Koycegiz Lake (lagoon), and Siiliingiir Lake (lagoon)
by Altinsagh (2004). It was found together C. torosa
and L. elliptica at the Giilliik lagoon and Koycegiz
Lake (lagoon) (Altinsagli 2004). Cyhterois fischeri
populations develop from overwintering eggs that
hatch in spring and may produce three or even
four generations before late autumn (Athersuch et
al. 1989).

The reason why C. torosa is the only ostracod
found in the Akbiik lagoon is that the saline level
in this lagoon is much lower (6.6-9.9 PSU) and the
water flow rate is much higher than in many other
lagoons. Akbiik lagoon has an even lower salinity
than Akdeniz (15.5-20.5 PSU). The high flow
rate through the exit channels at Akdeniz prevents
seawater access. The high osmoregulatory capacity
of C. torosa allows this species to adapt easily to
both high and low salinity levels. According to the
data collected in this study, it might be inferred that
C. fischeri and L. elliptica do not prefer very low
salinity environments, because large populations of

) onel o SR

both species have been observed in the sections of
seawater inflow (Altinsagli 2004).

C. fischeri and L. elliptica are positively correlated
in the Akdeniz lagoon (Table 5). Both occupy similar
habitats and interact with each other (Ruiz et al.
1997a, Ruiz et al. 2000, Ruiz et al. 2004). Mazzini et
al. (1999) have also observed C. torosa and L. elliptica
together in similar environments. Montenegro (1995)
had determined them as dominant species in Marano
and Grado lagoons in Italy. As well as ostracod species,
many species of plants and animals that characterize
lagoon habitats and are found in these lagoons (Table
1). According to these results, and similarly other
Aegean Sea coast lagoons (Kevrekidis 1997, 2004;
Kevrekidis et al. 2000; Sylaios & Theocharis 2002;
Mogias & Kevrekidis 2005; Sabanci 2012), Akdeniz
and Akbiik have rich biodiversity. However, because
brackish water is too salty for most freshwater species
and too fresh for most marine species, brackish
water lagoons are distinguished for their reduced
biodiversity compared to either fully marine, or
completely freshwater systems.

If anthropogenic activities (rapid population
growth, tourism, holiday cottages, inadequate waste
disposal systems) intensify around these two lagoons,
overall species diversity, its functional significance,
and habitat quality will all be threatened. In addition
to these problems, several other threats are foreseeable
in Turkey, for example: increasingly intensive land
use, water extraction, regulation of waters, non-
sustainable water management practices and climate
change. The intensive use of fertilizers and pesticides
in agriculture, the discharge of sewage and industrial
waste waters are major threats to natural aquatic
ecosystems. The detection of gamma Protobacteria in
the Gulf of Giilliik (adjacent to Akbiik and Akdeniz
lagoons) indicates the discharge of domestic waste
water (Altug et al. 2013).

The presence of sandy-gravel substrates and
high water flow explains the reduced number of
ostracod species in these two lagoons. Without these
influences, the ostracod community would show a
lower diversity and smaller numbers of individuals.
Our hypothesis is that the lowest abundance and
dominance of just three species is accounted for by
the high water outflows rates of lagoons.

In the present study, the relationship between the
water and surface sediments characteristics of Akbiik
and Akdenizlagoonsand their ostracodaassemblages
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has been established. Cyprideis torosa dominates in
both sediments and water, followed by Loxoconcha
elliptica as the second most abundant and common
species in Akdeniz lagoon. These two species are
nowadays commonly found together in permanent
brackish waters of coastal Aegean wetlands, but C.
torosa is more widely distributed and more tolerant
to different salinities from freshwater to hypersaline
environments. The diversity is considerably reduced
at Akbiik and Akdeniz lagoons because of the
increased dominance of Cyprideis torosa, as a result
of the changing conditions that favor the growth of
this euryhaline species.
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