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Some water quality parameters (Secchi disk depth, water temperature, dissolved
oxygen, pH, conductivity, chlorophyll a, NO2-N, NOs-N, NH4-N, POs-P) and
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zooplankton fauna were determined in the Kozan Dam Lake. While the quality of Received ~ :11.03.2019
the reservoir water was first class water in terms of temperature, dissolved Revised - 27.05.2019
oxygen, NH4-N, POs-P, it was second-class water in terms of conductivity, pH, ]

NOs-N. In total, 50 zooplankton species belonging to 26 families were determined Accepted  :28.05.2019
(29 species belonging to 17 families from Rotifera, 15 species belonging to Published  :25.12.2019

7 families from Cladocera and 6 species belonging to 2 families from Copepoda).
Brachionidae (Rotifera) was the most species rich family with 7 species, followed
by Chydoridae (Cladocera) and Cyclopidae (Copepoda) with 6 and 5 species
respectively. The most dominant species were Synchaeta pectinata (38.33%)
from Rotifera, Bosmina longirostris (5.71%) from Cladocera and Cyclops vicinus
(0.67%) from Copepoda. At the same time, the species found in every month were
Asplanchna priodonta, Polyarthra dolichoptera, Bosmina longirostris,
Ceriodaphnia pulchella, Cyclops vicinus and Diacyclops bicuspidatus. In the
study, Rotifera was the most abundant group with 67%, followed by Cladocera
with 29% and Copepoda with 4%. On the other hand, total Rotifera was found
mostly in December (10099 individual/ m3), Cladocera in January (4928 ind./m?3)
and Copepoda in September (1091 ind./mq).
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Kozan Baraj Golii (Adana, Tiirkiye) Zooplankton Faunasi ve Baz1 Su Kalite Parametreleri Uzerine Bir Cahsma

0Oz: Kozan Baraj Gélii'nde bazi su kalitesi parametreleri (Secchi derinligi, su sicakligi, ¢oziinmiis oksijen, pH, iletkenlik, klorofil a,
NO2-N, NOs-N, NHs-N, POs-P) ve zooplankton faunasi belirlenmistir. Baraj golii suyu sicaklik, ¢oziinmiis oksijen, NH4-N, PO4-P
acisindan birinci sinif su iken, iletkenlik, pH, NOs-N agisindan ikinci siif sudur. Rotifera'dan 17 familyaya ait 29 tiir, Kladosera'dan
7 familyaya ait 15 tiir ve Kopepoda'dan 2 familyaya ait 6 tiir olmak {izere toplam 50 tiir tespit edilmistir. Brachionidae (Rotifera)
7 tiirle en zengin familya olup, bunu 6 ve 5 tiir ile Chydoridae (Cladocera) ve Cyclopidae (Copepoda) familyalarinin takip ettikleri
belirlenmistir. En baskin tiiriin Rotifera’dan Synchaeta pectinata (%38,33), Kladosera’dan Bosmina longirostris (%5.71) ve
Kopepoda’dan Cyclops vicinus (%0.67) oldugu belirlenmistir. Arastirmada her ay bulunan tiirler rotiferlerden Asplanchna
priodonta, Polyarthra dolichoptera, kladoserlerden Bosmina longirostris, Ceriodaphnia pulchella, kopepodlardan Cyclops vicinus
ve Diacyclops bicuspidatus’tur. Caligmada Rotifera’nin %67 ile en ¢ok bulunan grubu olusturdugu, bunu %29 ile Kladosera’nin ve
%4 ile Kopepoda’nin takip ettigi bulunmustur. Ote yandan toplam Rotifera’nin en ¢ok Aralik’ta (10.099 birey/m?3), Kladosera’nin
Ocak’ta (4.928 birey/m3) ve Kopepoda’nin Eyliil’de (1.091 birey/m?) bulunduklar: belirlenmistir.

Anahtar kelimeler: Rotifera, Kladosera, Kopepoda, Kozan Baraj Goli
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Introduction
Turkey has very rich potential in terms of

of the people have increased this potential in recent
years.

lakes and dam lakes. The dams have been built
in order to control the regime of the rivers and meet
the wvarious needs (eg. drinking water supply,
irrigation, flood control, and energy generation)

The zooplankton have long been recognized as
a secondary producer by occupying almost middle
positions of the food chain and indicate
environmental status in a given time (Khan 2003).
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They have been known as an important energy
resource for small sized fish that, in turn,
provide energy to piscivorous fish consumers
higher up in the food web in fresh water. Zooplankton
is known to respond quickly to environmental
conditions, and only a few attempts have been
made to use the zooplankton community to

evaluate the quality of aquatic ecosystems
(Lougheed and Chow-Fraser 2002).
Crustacean plankton has been described

as preferred fish food items by several authors
(Zaret 1972; Dodson 1974; Ayodele and Adeniyi
2006). They are preferred by fishes to their Rotifera
counterparts for several reasons. First, they are
relatively  bigger, and planktivorous fishes
which practice size selective predation often prefer
them to the rotifers (Ayodele and Adeniyi 2006;
Brandl 2002). Crustaceans are more important than
rotifers in the transfer of energy from autotrophic
phytoplankton to fishes based on their ecological
niche in freshwater systems (Williamson 1983).
Cyclopoid copepods have been described as effective
predators of rotifers, and so are some calanoid species
which  may include rotifers in their diets
too (Williamson and Butler 1986; Schulze and
Folt 1990). Aside their importance in fisheries,
crustacean plankton (some cyclopoids) are also
ecologically important by suppressing mosquito
larvae (Alekseev 2002). That's why, studies on
zooplanktonic organisms are important for the
freshwater ecosystem.

Zooplankton are known to respond quickly
to environmental conditions, and only a few attempts
have been made to use the zooplankton community
to evaluate the quality of aquatic ecosystems
(Lougheed and Chow-Fraser 2002).
Some zooplankton species are used in various studies
as indicators of water quality, pollution and
eutrophication status due to their sensitivity to
environmental changes (Ruttner-Kolisko 1974;
Sharma 1983; Saksena 1987).

A detailed study on the zooplankton fauna in
Kozan Dam Lake had not been done before.
This study was done to obtain insight into the
composition of the zooplankton fauna of the dam lake
and to contribute to the knowledge of the biological
diversity of inland waters in Turkey.

Materials and Methods

The study was carried out between January 2011
and December 2011 on Kozan Dam Lake, which has
6 km? lake area, in the Adana province Kozan district

(Figure 1). Zooplankton samples were taken from
4 stations with horizontal and vertical hauls by using
60 pm mesh size plankton nets on a monthly basis for
systematic analyses. On the other hand, zooplankton
abundance was determined from the samples taken
from first two stations (station 1 and station 2).
Considered to be enough for analysis, two liters of
water samples were collected from every water layer
(surface, middle and deep) of first and second
stations using Nansen Bottles. Water quality
parameters and chlorophyll a were analysed from
water samples.

One It and 0.5 It of the water collected with water
sampler was used for chlorophyll a analysis and
chemical analysis respectively. The remaining part
(4.5 It) was filtered from a collector having a mesh
size of 60 um and zooplankton was fixed in 100 cc
glass jars. Dissolved oxygen, water temperature, pH
and conductivity were measured directly in the field
by means of digital instruments (oxygen and
temperature: YSI model 52 oxygen meter; pH: YSI
600 pH meter; conductivity: YSI model 30
salinometer). Merck spectroguant Nova 60
spectrophotometer and its procedure were used to
determine  NO2>-N, NOs-N, NH4-N, PO4-P; the
method in APHA 1995 was used to determine
chlorophyll a spectrophotometrically. Secchi depth
was measured using a Secchi disk with a diameter of
20 cm.

At the stations, the lowest depth was 31 m
(1. station), 26 m (2. station), 12 m (3. station) and
10 m (4. Station) in October and the highest depth
was 47, 44, 31 and 26 m in May, respectively.
Therefore, the depth was approximately 18 m in the
year, while the mean depths were 45, 39, 20 and
18 m.

All zooplankton samples were fixed in 4%
formaldehyde. Species identifications were made
using a binocular microscope according to the works
of Edmondson (1959), Scourfield and Harding
(1966), Dussart (1967), Kiefer and Fryer (1978),
Koste (1978), Negrea (1983), Segers (1995),
De Smet (1996, 1997), Nogrady and Segers (2002),
Hotynska et al. (2003) and Benzie (2005).

Zooplankton count was performed using
an inverted microscope in a petri dish with 2 mm
lines at the bottom. The sample cup was made
homogenized by shaking and 2 cc sub-sample
was taken from the cup and it was placed in a petri
dish and the individuals of each species were
separately counted. This process has been repeated
4-5 times.
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Figure 1. Kozan Dam Lake and Sampling Stations

CTM tolerance of the species (SPSS 20.1).
Duncan’s multiple range test (DMRT) was carried out
for post hoc mean comparisons. Regression analysis
was also carried out to evaluate the relationship
between acclimation temperature and CTMin and
CTMax (p<0.05).

Results
Maximum, minimum and average values of some
water quality criteria were given in Table 1.

Table 1. Maximum, minimum and average values of some
water quality parameters.

Parameter Min.  Max. Meanzstdev.
Secchi depth (m) 1.40 4.50 2.75+0.91
W. Temp (°C) 797 2457 16.51+5.32
Chl. a (mg/m?) 171 7.39 2.96+ 1.44
Cond. (nS/cm) 372.00 436.00 406.08+ 17.04
DO (mg/l) 540 1153 7.92+1.85
pH 6.75 9.42 8.22+0.51
NO2-N (mg/l) 0.002 0.11 0.024+ 0.03
NOs-N (mg/I 431 9.25 6.36+1.54
NHa-N (mg/I 0.056 0.188 0.123+0.04
PO4-P (mg/l) 0.010  0.053 0.03£0.012

At the stations, the lowest water depth was 31 m
(1. st), 26 m (2. st), 12 m (3. st) and 10 m (4. st) in
October and the highest water depth was 47, 44, 31
and 26 m in May, respectively. Therefore, the annual
water depth change was approximately 18 m, while
the mean depths were 45, 39, 20 and 18 m
respectively.

Secchi disk depth reached the maximum depth of
4.50 min April (station 2) and the minimum depth of

1.4 m on December (station 2), with a mean value
of 2.75 0. 91 m (Figure 2A). Water temperature
varied from 7.97°C (December at second station)
to 24.57°C (June at second station) with a
mean value of 16.51 £5.32°C (Figure 2B). Mean
chlorophyll a concentration was 2.96 +£1.44 mg/m®
with a range from 1.71 mg/m? (at first station) in May
to 739 mg/m® in March (Figure 2C).
The conductivity value varied from 372 uS/cm
(September at first station) to 436 puS/cm (May at
second station) with a mean value of 406.08 +17.04
uS/cm (Figure 2D). Dissolved oxygen varied from
5.4 mg/l (at first station) in July to a peak of
11.53 mg/l (second station) in January with a mean
value of 7.92 +1.85 mg/l (Figure 2E). pH value did
not vary much between the stations. The minimum,
maximum and mean pH values were 6.75
(July at first station), 9.42 (March at first station)
and 8.22 +0.51 respectively (Figure 2F). Nitrite
nitrogen reached the maximum concentration of
0.11 mg/l (February at first station) and minimum
concentration of 0.002 mg/l (October at
second station), with a mean value of 0.024+0.03
mg/l (Figure 2G). Nitrate nitrogen (annual
average 636 +1.54 mg/l) varied from
4.31 mg/l (October at second station) to 9.25 mg/I
(May at second station) (Figure 2H), and ammonium
nitrogen (annual average 0.123 +0.04 mg/l)
varied from 0.056 mg/l (February at first station) to
0.188 mg/l (October at second station)
(Figure 21). The maximum, minimum, and mean
phosphate values were 0.053 mg/l (November at
first station), 0.010 mg/l (January at second station),
and 0.03 £0.012 mg/l, respectively (Figure 2J).
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Figure 2. Some water quality parameters in the study
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In the study, a total of 50 zooplankton species
were identified, including 29 from rotifers, 15 from
cladocerans and 6 from copepods.

Seventeen families were identified from Rotifera
and Brachionidae was the most species rich family
with 7 species, followed by Collothecidae,
Hexarthridae, Lecanidae, Lepadellidae,
Synchaetidae and Trichocercidae with 2 species each
one. The remaining families from Rotifera were

found to contain only one species in each one
(Table 2). Seven families found from Cladocera,
Chydoridae was the most species rich family with
6 species, followed by Daphniidae with 4 species and
other families were represented only one species each
one (Table 2). Two families were detected from
Copepoda, Cyclopidae was the richest family with
5 species, but Ameiridae (Harpacticoida) was
represented by only one species.

Table 2. Zooplankton species in the study and their monthly presences

Rotifera Months J FMAMJIJ AS OND

Familya: . .

Philodinidae Rotaria rotatoria (Pallas, 1766) + -+ - - - - -+ - -+

(F:%wg%ijci dae Collotheca pelagica (Rousselet, 1893) S
Collotheca mutabilis (Hudson, 1885) - - -+ 4+ - - - - -+ 4+

Familya: Filinidae Filinia terminalis (Plate, 1886) S S R S

Familya: Hexarthra intermedia (Wiszniewski, - - + - - - - - - + + -

Hexarthridae 1929) e
Hexarthra oxyuris (Sernov 1903)

Familya: Pompholyx sulcata (Hudson, 1885) + -+ + -+ - - 4+ + - -

Testudinellidae ’

Familya:

Asplanchnidae

Asplanchna priodonta (Gosse, 1850) + + + + + + + + + + + 4+

Anuraeopsis fissa (Gosse, 1851) - - - + - - - - - - o
Brachionus quadridentatus (Hermann, - - + - - - - - - - - -
1783) - -+ + - - - - - -+
Keratella cochlearis (Gosse, 1851) - -+ - - oo o oo
Familya: Keratella tecta (Lauterborn, 1900) + - 4+ -+ o+ -+ 4+ o+ o+ o+
Brachionidae Keratella quadrata (Miiller, 1786) - - -+ o+ - - - e
Keratella tropica (Apstein, 1907) b e
Notholca squamula (Miiller, 1786)
Familya: Colurellidae ~ Colurella adriatica (Ehrenberg, 1831) - - - + - - - - - - - -
Familya: Euchlanidae  Euchlanis dilatata (Ehrenberg, 1832) B e
(F;?tlrlci/p?c.) didae Ascomorpha ovalis (Bergendahl, 1892) - - - -+ o+ -+ o+ o+ o+ -
Familya: Lecanidae Lecane buIIa_(Gosse, 1886) - - - - - + - -+ - - -
’ Lecane lunaris (Ehrenberg, 1832) - -+ -+ -+ o+ o+ o+ o+ -
Familya: Lepadella acuminata (Ehrenberg, - -+ - - - oo
Lepadellidae 1834) e e
Lepadella ovalis (Miiller, 1896)
Familya: Mytilinidae Lophocharis salpina (Ehrenberg, o o T
1834)
E%Tégﬁw.atidae Cephalodella gibba (Ehrenberg, 1832) - - + - - - - - - + - -
Familya: Polyarthra  dolichoptera  (ldelson, + + + + + + + + + + + +
Synchaetidae 1925)
Synchaeta pectinata (Ehrenberg, 1832) K A
_ Trichocerca similis (Wierzejski, 1893) A
Familya: . . RGN
Trichocercidae TrlchO(_:erca capucina (Wierzejski and e e
Zacharias, 1893)
Familya: Trichotria tetractis (Ehrenberg, 1830) - + - - - - - - - - - -

Trichotriidae
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Table 2. Continued

Rotifera Months JFMAMIJIIJIASOND

Cladocera

Familya: Bosminidae Bosmina longirostris (Miiller 1785) + + + + + o+ + + o+ o+ +
Alona quadrangularis (Miiller, 1776) - - - - - - - - - + - -
Alona rectangula (Sars, 1861) - - - - - - - - -+ %
Disparalona rostrata (Koch, 1841) + - - - - - - - - . 4

Familya: Chydoridae Chydorus sphaericus (Miiller, 1785) - - - - + - - - - - - -
Monospilus dispar (Sars, 1861) R
Leydigia leydigi (Leydig, 1860) -
Ceriodaphnia pulchella (Sars, 1862) + + + + + + + + + + + +
Daphnia galeata (Sars, 1864) T

Familya: Daphniidae Daphnia longispina (Miiller, 1785) + 4+ + + + o+ + - o+ -+ 4+
Daphnia cucullata Sars, 1862 T

Familya: Leptodoridae  Leptodora kindtii (Focke, 1844) T

I'i/?art?rg%ricidae Macrothrix laticornis (Jurine, 1820) - - - - - - - - - + - +

Familya: Moinidae Moina micrura (Kurz, 1874) B T e T S

Familya: Sididae Diaphanosoma birgei (Korinek, 4w e e e s
1981)

Copepoda
Cyclops vicinus (Uljanin, 1875) + + + 4+ 4+ + 4+ + + + + o+
Diacyclops bicuspidatus (Claus, + + + + + + + - o+ - o+ o+
1857) - S

o . Macrocyclops albidus (Jurine, 1820) - - - - 4+ - - - - - - -

Familya: Cyclopidae Mesocyclops leukarti (Claus, 1857)
Paracyclops fimbriatus (Fischer, - - - - - - - - -+ -
1853)

Familya: Ameiridae Nitocra hibernica (Brady, 1880) Tt

(+: available, -: absent)
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Figure 4. The species number of first and second stations
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The species found in the study every
month in different abundance were Asplanchna
priodonta, Polyarthra dolichoptera, Bosmina
longirostris, Ceriodaphnia pulchella and Cyclops
vicinus. Trichocerca similis 11 months, Daphnia
longispina and Diacyclops bicuspidatus 10 months,
Diaphanosoma birgei 8 months were found
(Table 2). On the other hand, the species found only
once were Hexarthra oxyuris, Anuraeopsis fissa,
Brachionus quadridentatus, Colurella adriatica,
Lepadella acuminata, Lophocharis salpina,
Trichotria  tetractis, Alona  quadrangularis,
Chydorus sphaericus, Monospilus dispar, Leydigia
leydigi, Leptodora Kkindtii, Mesocyclops leukarti,
Paracyclops fimbriatus and Nitocra hibernica
(Table 2).

Total Rotifera was the most abundant
in December (10.099 ind./m?®), followed by January
(9.603 ind./m® and March (4.636 ind./m®).
The amount of total Cladocera was the highest in
January (4928 ind./m%), followed by February
(4.530 ind./m® and May (3.547 ind./m®). The
abundance of copepod was lesser than the other two
groups and the most in September (1.091 ind./mq),
then in June (1.070 ind./m®) and July (1.042 ind./m?).
Rotifera and Cladocera were found the least in July
(316 ind./m3, 421 ind./mq), but Copepoda was found
the least in October (258 ind./m®) (Figure 3).

The most species were found at station 2
(23 species) in March, followed by 19 species in
September (1st station) and December (2nd station).
The least species were found in both first two stations
in July (5 species) (Figure 4).

Discussion

The  physicochemical parameters  and
zooplankton ~ communities  together form a
comprehensive ecosystem and as in any ecosystem,
there is interaction between the zooplankton and also
between the phytoplankton and the water quality
parameters. These interactions are directly or
indirectly subjected to the complex influences,
some of which results in quantitative changes
(Welch 1952).

Determined water quality parameters, for animals
in water are observed to be within the normal
values. According to this, water temperature
values (7.97-24.57 °C) detected in the study
generally reflect the climatic conditions of the region
and they are ideal for zooplankton life and
development.

Mean dissolved oxygen concentrations were
above 5 mg/l (5.87-8.20 mg/l) which was enough to
support aquatic life, especially the zooplankton
community (Karpowicz and Ejsmont-Karabin 2017).

The pH range in this study was 6.75-9.42, which
was consistent with the reports of Blouin (1989),
Beklioglu and Moss (1995). According to these
researchers the distribution of plankton species
in lakes with pH levels of 3.5-7.6, Beklioglu and
Moss (1995) noted that plankton never occurred at
low and high pH values (pH <4.6 and 11<).

Since chlorophyll a values were found to be
quite low (1.71-7.39 mg/m?), dam lake was in oligo-
mesotrophic character, according to Wetzel (1975).

All inorganic forms of nitrogen (NOs’, NO, and
NH4*) can be used by aquatic plants and algae
(Tepe and Boyd 2002). If these inorganic forms of
nitrogen exceed 0.3 mg/l (as N) in spring, it means
there is enough nitrogen to support summer algal
blooms. The concentrations of nitrogen forms in
Kozan Dam Lake were enough to support algae
blooms and indirectly zooplankton biomass.

The quality of reservoir waters generally varied
between clean water and much polluted water
throughout the year in terms of nitrite values
(YSKY 2012). As the nitrate nitrogen values
determined in the study were below 10 mg/l, thus the
reservoir waters were in the category of clean and less
polluted water. The amount of ammonium nitrogen
in the water samples was 0.056 - 0.187 mgl/l.
According to the Regulation on Surface Water
Quality (YSKY), these values showed that, dam lake
waters are classified as second class polluted waters.

Orthophosphate  values changed between
0.01 mg/l and 0.053 mg/l and the reservoir waters
generally have the first-class clean water and the
second-class polluted water in terms of phosphate
according to the YSKY (2012).

As a result, according to the Regulation on
Surface Water Quality, reservoir water was first class
water in point of temperature, dissolved oxygen,
NH4-N, POs-P, second class water in point of
conductivity, pH, NOs-N and third class water in
point of NO2-N (YSKY 2012).

In terms of aquatic organisms, the acceptable
electrical conductivity value was reported to be
250-500 uS/cm by Yiicel (1990). The lowest
conductivity of the study was determined as
372.1 pS/cm, the highest 436.1 uS/cm, and
accordingly, the dam lake was among the acceptable
values for the aquatic organisms.

A total of 50 zooplankton species were detected,
including 29 from rotifers, 15 from cladocerans
and 6 from copepods. Twenty-two zooplankton
species were previously reported in a study
conducted in Kozan Dam Lake (Bozkurt 2004b).
Some of the species Collotheca ornata (Ehrenberg
1832), Cyclops abyssorum  Sars, 1863,
Acanthodiaptomus denticornis (Werzesski 1887) and
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Craspedacusta sowerby (Lankester 1880) were not
found in the present study. On the other hand,
33 of the 50 zooplankton species in the present study
were not reported in the previous study. It is thought
that the difference of species in the two studies may
depend on the number of sampling and the time
difference between studies.

Rotifera was the dominant group followed by
Cladocera and Copepoda among zooplankton groups
gualitatively and quantitatively in Kozan Dam Lake
as in all freshwater ecosystems (Saksena 1987).

It is reported that most of the zooplankton species
found in the study are widespread in water bodies of
all sizes in different geographic regions, with
different types of substrates and vegetation-related
species (Hutchinson 1967; Ruttner-Kolisko 1974;
Braioni and Gelmini 1983; Ryding and Rast 1989;
Ramdani et al. 2001; Eldredge and Evenhuis 2003).
They were widespread in Turkey and worldwide
because they were found in almost all regions of
Turkey (Giiher 2000; Alper et al. 2007; Dirican and
Musul 2008; Saler and Ipek 2009; Yildiz et al. 2010;
Gilinsel and Emir Akbulut 2012; Apaydin Yagci
2013; Giiher 2014; Saler and Alig 2014; Apaydin
Yagci et al. 2015; Giiher and Colak 2015; Ustaoglu
2015; Giirel and Saler 2015) and they were reported
from lots of study inland waters of Turkey
(Ustaoglu et al. 2004; Ustaoglu 2015).

The species identified in Kozan Dam Lake have
been reported in various studies in the region and in
the vicinity (Table 3). According to this, Bosmina
longirostris was reported from 23 different studies in
the region. While Cephalodella gibba was reported
in 21 studies, Lecane lunaris was reported in 20
studies. Keratella cochlearis in 19 studies, Euchlanis
dilatata and Lecane bulla in 18 studies, Colurella
adriatica and K. quadrata in 17 studies, K. tecta and
Alona rectangula in 16 studies were reported.
Chydorus sphaericus and Diaphanosoma birgei were
found in 15 studies, at the same time Lepadella
ovalis, Polyarthra dolichoptera, Trichotria tetractis
and Ceriodaphnia pulchella found in 13 studies. In
the region, species found in 12 different working
areas Notholca squamula and Cyclops vicinus, but
species found in 11 different areas Ascomorpha
ovalis, Asplanchna priodonta, Collotheca pelagica,
Lophocharis salpina, Trichocerca similis and Moina
micrura. Other species, Keratella tropica and
Nitocra hibernica (10), Macrothrix laticornis (9),
Brachionus quadridentatus, Daphnia longispina,

Mesocyclops leukarti and Paracyclops fimbriatus
(8), Pompholyx sulcata, Daphnia galeata
Disparalona rostrata, Diacyclops bicuspidatus and
Macrocyclops albidus (7), Collotheca mutabilis (6),
Anuraeopsis fissa (5), Filinia terminalis, Hexarthra
oxyuris, Lepadella acuminata, Trichocerca
capucina, Leydigia leydigi (4), Synchaeta pectinata
(3), Hexarthra intermedia, Rotaria rotatoria, Alona
guadrangularis, Daphnia cucullata, Leptodora
kindtii, (2), Monospilus dispar (1) have been reported
from less aquatic environment. It has also been
reported that these species are found all or nearly
all of the sampling periods (Bozkurt 1997;

Bozkurt 2004a, 2004b; Bozkurt and Dural
2005; Bozkurt 2006; Bozkurt and Sagat 2008;
Bozkurt et al. 2009; Bozkurt and Goksu
2010; Bozkurt and Giiven 2010; Bozkurt

and Tepe 2011; Ulgii and Bozkurt 2015; Bozkurt
and Duysak 2016; Bozkurt 2016; Bozkurt and
Aktas 2016; Bozkurt 2017; Bozkurt and Geng
2018a, 2018b; Bozca and Bozkurt 2018; Bozkurt et
al. 2018).

The presence of identified species in the study
seems to be compatible with their ecological
characters and distribution.

There were differences in the number and amount
of zooplankton species in the first and second
stations. According to field observations, this may be
due to the water flow rate, water mix and depth
differences. On the other hand, the significant and
inverse relationship (R? = - 0.65) was found between
the dissolved oxygen and the number of species in the
2nd station, while the low level of significance and
the inverse relationship (R? = -0.33) were determined
in the first station. Zooplankton are not directly
related to the nutrient, but have an indirect
relationship because nutrient affects the presence of
phytoplankton or other forms of zooplankton's food
(Khan  2003). Thus, zooplankton growth,
development, population density and species
diversity were affected by the abundance of nutrient.
Similarly, in the second station, significant
relationship (R? = 0.88, R = 0.68) was determined
between nitrite and species number, and chlorophyll
a and species number, while the significance level in
the first station was low (R? = 0.29, R? = 0.4031)
relationship was determined. Our results revealed
that the level of relationship between other
parameters and species humbers was very low in the
Kozan dam lake.
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Table 3. Distribution of species in our study in the region, according to the studies conducted by various researchers

Species Study area

A. fissa 5 area 5,7,9, 10, 13,

A. ovalis " 3,4,5,6,9,10,14, 15, 16, 21, 24

A. priodonta " 2,4,5,6,9, 10,12, 14, 15, 20, 24

B. quadridentatus 8 " 5,10, 11, 12, 13, 16, 18, 20

C. gibba 21" 1,2,3,4,6,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 20, 21, 22, 23, 24
C. mutabilis 6 " 10, 13, 14, 15, 20, 24

C. pelagica " 3,6,9, 10, 11, 14, 16, 17,19, 20, 21

C. adriatica 17" 1,2,3,4,6,8,9, 12,13, 14, 15, 16, 17, 20, 21, 22, 23

E. dilatata 18 " 1,2,3,4,8,10,11, 12, 13, 14, 16, 17, 18, 20, 21, 22, 23, 24
F. terminalis 4 " 9,10, 14, 18

H. intermedia 2" 14,18

H. oxyuris 4 " 13,14,17,21

K. cochlearis 19 " 1,2,3,4,56,7,9,10, 11, 12, 13, 14, 15, 16, 17, 19, 20, 21
K. quadrata 17 1,2,6,7,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 20, 21, 24

K. tecta 16 " 3,4,7,9,10, 11, 12, 14, 15, 17, 19, 20, 21, 22, 23, 24

K. tropica 10" 7,10, 11, 12, 15, 16, 17, 19, 20, 24

L. bulla 18 1,3,6,7,8,10, 12, 13, 14, 16, 17, 18, 19, 20, 21, 22, 23, 24
L. lunaris 20 " 1,2,3,4,5,6,8,9,10,12, 13, 14, 15, 17, 19, 20, 21, 22, 23, 24
L. acuminata 4 " 2,3,4,17

L. ovalis 3" 1,2,4,5,8,10, 12, 13, 14, 20, 21, 22, 23

L. salpina " 5,6,9, 10, 12, 13, 16, 17, 20, 21, 23

N. squamula 12" 1,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 20

P. dolichoptera 3" 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 24

P. sulcata 7" 7,9,11,12,14,19,20

R. rotatoria 2 " 20, 22

S. pectinata 3" 8,14, 20

T. similis " 1,2,3,5,6,9,10,14, 15,21, 24

T. capucina 4 " 9, 14,15, 20

T. tetractis 3" 1,4,12,13, 14, 15, 16, 17, 20, 21, 22, 23, 24

A. quadrangularis 2" 9,24

A. rectangula 16 " 3,5,6,7,9,11, 12, 13, 14, 15, 16, 17, 18, 20, 21, 24

B. longirostris 23 " 1,2,3,4,56,7,9,610, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24
C. pulchella 13" 2,3,5,7,9,10,11, 12, 13, 15, 19, 20, 24

C. sphaericus 15 " 1,2,4,6,7,9,11, 12, 13, 14, 15, 17, 18, 20, 24

D. longispina 8 " 5,6,9, 10, 14, 15, 20, 24

D. cucullata 2" 15, 24

D. galeata 7" 1, 3,4, 14,15, 20, 24

D. birgei 15" 1,2,3,4,5,6,9,10,11, 14, 15, 17, 19, 20, 24

D. rostrata 7 " 4,5,9, 10, 14, 20, 24

L. kindtii 2" 14,15

L. leydigi 4 " 9,10,11, 14

M. laticornis 9 " 1,6,9, 10,11, 12, 14, 15, 16

M. micrura " 7,10,11, 12,13, 14, 16, 17, 18, 19, 24

M. dispar 1" 5

C. vicinus 12" 4,5,6,7,9,11, 14, 15,17, 18, 19, 20

D. bicuspidatus 7" 8,9, 11,12, 13,15, 18

M. albidus 7" 2,8,9,12,13,15,24

M. leukarti 8 " 8, 10, 11, 13, 16, 18, 19, 20

N. hibernica 10 " 1,8,9, 12,13, 15, 18, 20, 23, 24

P. fimbriatus 8 " 8,9, 10,12, 13,18, 21,22

(1: Kasimbey Creek, Hatay, 2: Hoplar Creek, Hatay, 3: Yayladagi Dam Lake, Hatay, 4: Hisarcik Dam Lake, Hatay, 5: Guvecci Dam
Lake, Hatay, 6: Gorentag Dam Lake, Hatay, 7: Volcanic pond, Gaziantep, 8: Sariseki Marshes, Hatay, 9: Kahramanmaras, 10: Seyhan
Dam, Adana, 11: Tahtakdprii Dam, Gaziantep, 12: Go6lbas1 Lake, Hatay, 13: Golkent Lake, Hatay, 14: Aslantas Dam, Osmaniye, 15:
Birecik Dam, Sanliurfa, 16: Yenisehir Lake, Hatay, 17: Topbogazi Dam, Hatay, 18: Yarseli Dam, Hatay, 19: Yagizlar Dam, Adana,
20: Ceyhan River, Adana, 21: Kesis River, Osmaniye, 22: Savrun Stream, Osmaniye, 23: Delicay Stream, Adan, 24. Manavgat River,

Antalya).
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Introduced species may cause harm to native fish populations, which to design RESEARCH ARTICLE

any conservative program to control the exotics an identification key is necessary.

To find the morphological differences among the exotic Rhinogobius lindbergi Received ~ :28.01.2019
and its sympatric congeners including the endemic Ponticla iranicus and the Revised - 16.04.2019
native Ponticla gorlap, a 15-landmark morphometric system was used to examine )

90 specimens in Sefid River, in the Southern Caspian Sea basin. Univariate Accepted  :26.04.2019
analysis of variance showed significant differences among the means of the three Published  :25.12.2019

groups for 79 out of 105 standardized morphometric measurements. Principal

component analysis (PCA) and canonical variates analysis (CVA) confirmed the DOI:10.17216/LimnoFish.515636

statistically significant difference among these species. The CVA scatter plot
showed that the 90 studied specimens grouped into three distinct areas with a
degree of overlap between P. iranicus and P. gorlap. Clustering based on
Euclidean distances among the groups of centroids using an UPGMA indicated
segregation of the three species into two distinct clusters: P. iranicus and
P. gorlap in one group and R. lindbergi in the other group. The exotic
Rhinogobius can be distinguished from the sympatric gobies in Sefid River by
short snout (vs. longer), deep body (vs. shallow), deeper head, stout body, and
smaller ventral disc.
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Introduction

Invasive species are alien (non-native) organisms
that have been introduced into an area outside of their
natural ~ range,  establishing  self-sustaining
populations and spreading beyond their initial point
of introduction, with deleterious impacts on the
environment, economy and human health (Lymbery
et al. 2014). Biological invasions are now considered
a major environmental issue of public concern
(Gozlan et al. 2010).

In Iran, there is an exotic goby, Rhinogobius
lindbergi, which is reported from the Hari River
basin (Coad and Abdoli 2000), Anzali Wetland in the

Caspian Sea basin (Abdoli et al. 2000), the Zarrineh
River (Zarrinehrud) in Urmia Lake basin (Eagderi
and Moradi 2017), the Namak Lake basin (Eagderi et
al. 2017), and the Tigris River basin (Sadeghi et al.
2018, Mousavi-Sabet et al. 2019). However, among
the above-mentioned basins, the Caspian Sea basin is
the only water basin which has native gobies, too.The
genus Ponticola, with five species is the native genus
which its members live in tributaries of the Caspian
Sea basin (in Iranian portion). Ponticola gorlap (lljin
1949), P. syrman (Nordmann 1840), P. ratan
(Nordmann 1840), P. cyrius (Kessler 1874) and
P. iranicus Vasil’eva, Mousavi-Sabet and Vasil’ev,
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2015 (Vasil’eva et al. 1993; Miller 2003; Medvedev
et al. 2013; Vasil’eva et al. 2015) are reported from
the basin. Normally, the fishes of the family Gobiidae
are usually less important commercially, therefore
knowledge on their identification and biodiversity is
far from being complete (Miller 2004; Neilson and
Stepien 2009; Bogutskaya et al. 2013). Regarding
problems in Gobiids identification, separating the
exotic and native individuals/populations is not easy.
Therefore, to design any conservative program,
a practical identification key is strongly necessary.
Preparing any key to identify fish species needs
powerful analytical manners which the traditional
and modern morphological analyzing methods are
normally used for fish populations/species.
As mentioned above, morphological characters are
most important in the identification and taxonomy of
fishes, and the only known facts about many fishes.
In addition, understanding the function of
amorphological structure is a stronghold for practical
use in taxonomy and ecology too (Turan 2004;
Yamamoto et al. 2006; Pollar et al. 2007). In addition
to traditional method, in recent years, truss network
system is increasingly used for morphometric
measurements with the purpose of species and/or
stock differentiation (Turan 2004; AnvariFar et al.
2011; Mousavi-Sabet et al. 2012; Mousavi-Sabet and
Anvarifar 2013; Khataminejad et al. 2013; Kohestan-

Eskandari et al. 2013, 2014; Heidari et al. 2014).
Also, geometric morphometrics (GM), a quantitative
approach to analysis shape, is widely applied to
compare and determine shape variations of biological
structures (Adams et al. 2004). Despite traditional
approaches, in GM, data is obtained from the
coordinates of landmark points (Adams et al. 2004;
Rohlf 2005), which are morphological points
of specimens that are of biological interest
(Rohlf 2005).

The present study aimed to clarify the
morphometric  differences among the exotic
R. lindbergi and its sympatric endemic P. iranicus
and native P. gorlap in Sefid River, in the southern
Caspian Sea basin.

Material and Methods

Fish sampling

The specimens were collected on August 2015 to
May 2017 in Sefid River (37°01.153'N, 49°37.985'E)
from the southwestern Caspian Sea basin, Iran
(Figure 1). Fishes were collected by electrofishing.
The sampled fishes were photographed and then
fixed in 10% formaldehyde at the sampling site and
transported to the Laboratory for further studies.
Identification was verified base on Vasil’eva et al.
1993, Miller 2003 and Vasil’eva et al. 2015 in the
laboratory.

0 100 jm

Figure 1. Map of the Iranian part of the southern Caspian Sea basin and location of Sefid River from the southern Caspian

Sea basin.
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Laboratory work

In the laboratory, Standard Length (£1.0 mm) and
body weight (£0.001 g) were recorded for each
specimen. For specimens 105 distance measurements
between 15 landmarks on the lateral side and 78
distance measurements were surveyed using the truss
network system according to Bookstein (1991) with
minor modifications for these species (Figure 2).
Also, for specimens 44 and 28 distance
measurements between 10 and 8 landmarks on
ventral and dorsal views, respectively, were surveyed
for investigation under and up sides shape variation.
The fishes were placed on a white board with dorsal

and anal fins held erect by pins. The left body profile
of each fish was photographed with a 300-dpi, 32-bit
color digital camera (Cybershot DSC-F505; Sony,
Japan). Images were saved in jpg format and
analyzed with TPSdig to coordinates of landmarks.
All measurements transformed into linear distances
by computer for subsequent analysis. After image
capture, the fish was dissected to identify the sex of
the specimen by macroscopic examination of the
gonads. Gender was used as the class variable in
ANOVA to test for the significant differences in the
morphometric characters if any, between male and
female specimens.

Figure 2. Locations of the landmarks on lateral (a), ventral (b) and dorsal (c) sides of the goby.

Data analysis

As variation should be attributed to body shape
differences, and not related to the relative size of the
fish, an allometric method (Elliott et al. 1995) was
used to remove size-dependent variation in
morphometric characters:

Madj = M (Ls / Lo)°

where M is the original measurement, Madj the
size adjusted measurement, L, the standard length of
the fish, Ls the overall mean of the standard length for
all fish from all samples in each analysis, and b was
estimated for each character from the observed data
as the slope of the regression of log M on log Lo using
all fish in any group. The results derived from the
allometric method were confirmed by testing the

significance of the correlation between transformed
variables and standard length (Mustafic et al. 2008).

Univariate analysis of variance (ANOVA) was
performed for each morphometric character to
evaluate the significant difference among the fish
specimens (Bookstein 1991). Principal component
analysis (PCA) and canonical variates analysis (CVA)
were employed to discriminate these fishes from
studied rivers. Statistical analyses for morphometric
data were performed using the SPSS version 16
software package, past ver. 1.36, MorphoJ and Excel
(Microsoft Office 2010).

Results
Descriptive data were examined for the mean and
standard deviation (SD) of length and weight in case
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of sampled specimens (Table 1). Although it is
well known that the female and male specimens
of the gobies have some morphological differences
(Mousavi-Sabet et al. 2012; Vasil'eva et al. 2015),
but the interaction between morphometric
measurements used in this study by truss
network system and sexes uses ANOVA analysis
was not significant (P > 0.05), demonstrating

a negligible effect of sex on observed variations;
hence, the data for both sexes were pooled
for all subsequent analyses. There was no significant
correlation between any of the transformed
measured morphometric variables and standard
length (P > 0.05), indicating that size or allometric
signature on the basic morphological data was
accounted.

Table 1. Descriptive data [mean + SD standard length (mm) and body weight (g)] of goby specimens.

Species n Standard length (mm) Body weight ()
Min-max Mean + SD Min—-Max Mean + SD
R. lindbergi 30 35.71-112.87 70.55+21.85 1.15-34.90 10.25+9.30
P. iranicus 30 53.33-139.92 74.234+23.64 3.77-51.61 12.86+11.85
P. gorlap 30 20.80-111.95 55.30+20.80 1.00-33.05 5.81+8.11

Table 2. The results of ANOVA for morphometric measurements of goby specimens in Sefid River from the southern

Caspian Sea basin.

Characters F P Characters F P Characters F P Characters F p
1-2 11.75 0.00 3-4 2.22  0.09 5-10 141 0.24 8-13 9.10 0.00
1-3 15.13 0.00 3-5 0.28 0.84 5-11 249 0.06 8-14 8.92 0.00
1-4 6.19 0.00 3-6 261 0.05 5-12 414 0.00 8-15 12.88 0.00
1-5 11.20 0.00 3-7 422 0.00 5-13 9.28 0.00 9-10 23.10 0.00
1-6 9.66 0.00 3-8 3.15 0.03 5-14 411 0.00 9-11 451 0.00
1-7 17.67 0.00 3-9 3.33  0.02 5-15 8.44 0.00 9-12 4,09 0.00
1-8 18.66 0.00 3-10 5.08 0.00 6-7 1.79 0.15 9-13 7.72 0.00
1-9 5.79  0.00 3-11 5,54  0.00 6-8 2,58 0.07 9-14 6.35 0.00
1-10 946  0.00 3-12 13.98 0.00 6-9 460 0.00 9-15 9.77 0.00
1-11 11.26  0.00 3-13 8.46  0.00 6-10 0.59 0.62 10-11 0.22 0.88
1-12 23.86 0.00 3-14 11.94 0.00 6-11 1.80 0.15 10-12 8.29 0.00
1-13 7.02 0.00 3-15 8.72 0.00 6-12 0.99 0.40 10-13 7.65 0.00
1-14 8.40 0.00 4-5 10.95 0.00 6-13 14.05 0.00 10-14 2.80 0.04
1-15 5.30 0.00 4-6 9.92 0.00 6-14 7.77 0.00 10-15 9.37 0.00
2-3 8.76  0.00 4-7 492 0.00 6-15 12.78 0.00 11-12 16.89 0.00
2-4 356 0.02 4-8 427 0.00 7-8 0.89 0.45 11-13 10.85 0.00
2-5 485 0.00 4-9 1.03 0.38 7-9 7.28 0.00 11-14 480 0.00
2-6 6.17  0.00 4-10 471 0.00 7-10 13.71 0.00 11-15 19.42 0.00
2-7 9.57 0.00 4-11 6.94 0.00 7-11 291 0.04 12-13 16.96 0.00
2-8 499 0.00 4-12 13.23 0.00 7-12 1.13 0.34 12-14 9.06 0.00
2-9 221 0.09 4-13 0.67 0.57 7-13 10.02 0.00 12-15 18.95 0.00
2-10 4.44 0.00 4-14 0.76 0.52 7-14 11.32 0.00 13-14 1.81 0.15
2-11 333 0.02 4-15 0.38 0.77 7-15 20.63 0.00 13-15 142 0.24
2-12 20.26  0.00 5-6 14.46 0.00 8-9 2.30 0.08 14-15 7.78 0.00
2-13 7.70 0.00 5-7 1.34 0.26 8-10 19.13 0.00
2-14 212  0.10 5-8 1.48 0.22 8-11 7.15 0.00
2-15 197 0.12 5-9 246  0.07 8-12 3.74 0.02

Statistically significant differences in goby
specimens were observed in 79 morphometric
characters out of 105 studied. Of these 79 characters,
72 characters were found to be highly significant
(P<0.01) and were used further for multivariate
analysis (Table 2). The value of Kaiser-Meier-Olkin
coefficient (KMO) for the overall matrix is 0.721 for
goby specimens and Bartlett’s Test of sphericity is
significant (P<0.01). The results of KMO and
Bartlett’s suggest that the sampled data is appropriate
to proceed with a factor analysis procedure.

In order to determine which morphometric
measurement affected populations differentiates
mostly, the contributions of variables to principal
components (PC) were examined. The PCA of 72
morphometric measurements for goby specimens
extracted 12 factors with eigenvalues >1, explaining
93.91% of the variance (Table 3). Of these, the first
explained 28.37% and the second 16.35% of the
variance. The most significant weightings on PC |
were from 1-5, 1-6, 5-15, 2-6, 2-5, 6-15, 6-9, 4-6, 4-
5, 6-13, 6-14, 5-13, 1-14, 5-14, 1-4, 1-13, 1-11, 1-12,
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1-2, 5-12, 1-10, 1-8, 1-3, 1-7, 1-9 and on PC Il were
from 1-12, 12-15, 9-12, 12-13, 12-14, 3-12, 2-12, 10-
12,5-12, 4-12 and 3-14.

Canonical variates analysis confirmed the
significant difference among the goby specimens.

The scores of the two canonical variables for each
river revealed that goby specimens grouped into
three species while there was a relativity high degree
of overlap between P. iranicus and P. gorlap
(Figure 3).

Table 3. Eigen values, percentage of variance and percentage of the cumulative variance of morphometric measurements
for goby specimens in Sefid River from the southern Caspian Sea basin.

Factor Eigenvalues Percentage of variance Percentage of cumulative variance
1 20.141 28.367 28.367
2 11.606 16.347 44,714
3 8.061 11.354 56.068
4 6.906 9.727 65.795
5 4.550 6.408 72.203
6 4.242 5.974 78.178
7 2.754 3.879 82.056
8 2.447 3.447 85.503
9 2.097 2.953 88.456
10 1.478 2.082 90.538
11 1.350 1.901 92.439
12 1.041 1.466 93.905
164
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Figure 3. Scatterplot of standardized canonical variates functions 1 (CV1) and 2 (CV2) for morphometric characteristics

of goby specimens

The  Wilks’ lambda  tests indicated
differences between  fishes  when  their
morphometric measurements were compared by
means of discriminant analysis. In this test

all functions were highly significant (P < 0.01).
The histogram of discriminant functions for
pairwise groups in goby specimens is shown in
Figure 4.
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Figure 4. Histogram of discriminate analysis (DA) functions for pair wise competitions’ of gobies (left). Shape

differences on the extremities of each river (right).

Body shape differences show a longer snout,
shallow body and head depths, and elongated body
for P. gorlap and P. iranicus, vs. relatively short
snout, high body and head depths and stout body for
R. lindbergi. Also, underside and upside shape

variation analysis show a longer snout and disc for
P. gorlap and P. iranicus, vs. relatively short snout
and disc and high body for R. lindbergi (Figure 5).
The dendrogram derived from the cluster
analysis of Euclidean distances among groups
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of centroids showed that the three populations P. iranicus appeared in one cluster while
of gobies segregated from each other into R. lindbergi belonged to the other clusters
two distinct clusters, P. gorlap and  (Figure 6).
a
. gorlap = P gorlap a I iranicus
| R lindbergi = - [ iranicus

s R. lindbergi

- [’ gorlap

L «m R lindbergi

B . = P iranicus
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- P gorlap R lindbergi

Figure 5. Underside and upside shape variation analysis of gobies in Sefid River from the southern Caspian Sea basin.

() Ventral view (b) dorsal view.
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Figure 6. Dendrogram derived from cluster analyses of morphometric measurements on the basis of Euclidean distance
for gobies in Sefid River from the Southern Caspian Sea. Mean shape of species in the relation of consensus shape of the

species are also represented.

Discussion

The results of the multivariate analysis
demonstrated that the three examined species are
correctly separated from each other, which the two
Ponticola (P. iranicus and P. gorlap) are classified as
one clade and the Rhinogobius in the other clade. It
is well known that both studied genera, Rhinogobius
and Ponticola, are clearly distinct groups
morphologically, and as the Ponticola are larger
species than the Rhinogobius, they can be easily
distinguished if the Ponticola is in its maximum
range size. Despite these differences, separating

small Ponticola specimens in the same size as
Rhinogobius is not so easy or sometimes is
unrecognizable by morphological characters.
Therefore, the obtained results of the present study
provide helpful identification key to separate them
from each other. The results for the ANOVA analysis
showed that 79 out of 105 transformed morphometric
measurements were significantly different in these
groups of Gobies living in the southern Caspian Sea
basin, which demonstrates a high phenotypic
variation among them. The PCA showed
morphological segregation of the studied fishes based
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on the characters head shape, pre-dorsal, pre-anal
distances, pre-orbital and post-orbital distances, body
length, body depth, caudal peduncle depth, caudal
peduncle length, dorsal and anal fins origin and
caudal fin origin for gobies. Body shape differences

for these fishes shows a longer snout, shallow body
and head, and elongated body for P. iranicus and
P. gorlap, vs. relatively short snout, deeper body and
head and stout body for R. lindbergi, for general
appearance see Figure 7.

Figure 7. Ponticola gorlap (a), Ponticola iranicus (b) and Rhinogobius lindbergi (c).

CVA could be a useful method to distinguish
different species of the same genus or different stocks
of the same species, with respect to stock
management programs (Bookstein 1991; Buj et al.
2008; Torres et al. 2010; AnvariFar et al. 2011;
Heidari et al. 2013; Heidari et al. 2014). The results
of CVA obtained in the present study indicated the

relative segregation among three species of gobies in
the studied areas. This was confirmed by plotted CV1
and CV2 scores for each sample that showed 90
specimens grouped into three distinct areas with a
degree of overlap between P. iranicus and P. gorlap.
The morphological differences may be solely related
to body shape variation and not to size effects which
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were successfully accounted for by allometric
transformation. Literature shows that factor of size
account more than 80 % of variation among a set of
variables in morphometric studies. On the other hand,
factor of size plays a predominant role in
morphometric analysis and makes result in erroneous
status if it cannot be removed in statistical analyses
of data (Bookstein 1991). In the present study, size
effect was removed successfully by the allometric
transformation, so any significant differences
indicated by the ANOVA and multivariate analysis,
are caused by the body shape variation.

The causes of morphological differences between
species are often quite difficult to explain
(McLaughlin and Grant 1994; Cadrin and Friedland
1999; Pakkasmaa and Piironen 2000; Cadrin 2000;
Vatandoust et al. 2014a; Vatandoust et al. 2014b;
Vatandoust et al. 2015; Paknejad et al. 2014). It has
been suggested that the morphological characteristics
of fish are determined by an interaction between
genetic and environmental factors (Pinheiro et al.
2005). The phenotypic variability may not
necessarily reflect population differentiation at the
molecular level (Turan 2004; Yamamoto et al. 2006;
Pollar et al. 2007; Eschmeyer and Fong 2011).

The present findings revealed the potential power
of the landmark-based methods for the identification
of goby specimens. The present study provides basic
information about the differences of Ponticola
species and the exotic R. lindbergi in Sefid River
from the southern Caspian Sea basin and it suggests
that observed morphological variation should be
considered in stock management programs and
commercial exploitation of these species as an
ornamental fish in the aquarium trade.
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Abstract: In this study, it was aimed to contribute the knowledge on the distribution of mosquitofish Gambusia holbrooki, which
is known one of the 100 invasive species of the earth and pose a risk to the existence of endemic species, in Turkey. During the
study period, total of 130 localities from six different geographic regions in Turkey were investigated. The presence of G. holbrooki

were determined in 67 localities (39 lotic and 28 lentic).
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Giris

Kuzey Amerika kokenli olup, tiim diinyada
sivrisinek baliklar1 olarak bilinen Gambusia affinis
ve G. holbrooki tiirleri, sitma hastaligina karsi
yiiriitiilen miicadelede biyolojik ajan  olarak
kullanilmak iizere, diinyanin pek c¢ok {ilkesine
1900’14 yillarda asilanmaya baslamistir (Courtenay
ve Meffe 1989; Walters ve Freeman 2000). Amerika
kitasinda Teksas’tan Hawaii’ye yapilan asilama
caligmasi, diinyada bilinen ilk resmi sivrisinek baligi
asilama c¢alismasit olup, Avrupa kitasindaki ilk
asilama calismalar1 1920 yilinda 6nce Ispanya’da,
ikinci olarak da italya’da gergeklestirilmistir (Walton
vd. 2012).

Bu baliklarm Tiirkiye sularma ilk asilamalarinin
yine tiim diinyada oldugu gibi sitma hastaliginin
vektorli  sivrisineklere karsi biyolojik miicadele
yiirlitme amagli olarak 1920-1929 yillar1 arasindaki

bir tarihte yapildigi ifade edilmektedir (Walton vd.
2012). Hatay ilinin Tirkiye topraklarina heniiz
katilmamigs oldugu bir donemde, Fransizlar
tarafindan Avrupa ilkelerinden getirilerek Amik
Goli’ne asilanan G. affinis (Geldiay ve Balik 1996),
ilerleyen yillarda Tiirkiye sularinda hizla yayilmistir.
Sivrisinek baliklari, Tiirkiye sularina agilanan ilk
“yabanci (egzotik) " balik tiiriidiir (Innal ve Erk’akan
2006), ancak bu baliklarin Tiirkiye’ye getirilis tarih
ve sekilleri ile ilgili herhangi bir resmi kayit
bulunamamustir.

G. affinis ve G. holbrooki tiirlerinin 4-42°C gibi
oldukca genis bir sicaklik araliginda yasayabildigi
ifade edilmekle birlikte, bu tiirlerin optimum su
sicakligmin 31-35°C arasinda oldugu belirtilmistir
(Pyke 2005). Bu tiirler yasam alan1 olarak genellikle
tath sular tercih ederler, ancak G. holbrooki tiiriiniin
%023 tuzluluga sahip sularda da popiilasyon
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olusturdugu  gozlenmistir. Uremeleri tropikal
bolgelerde yil boyunca devam ederken, kisin sert
olarak gectigi bolgelerde sadece yaz aylarinda
gerceklesmektedir. Ozellikle yasli ve biiyiik disiler
bir lireme sezonu boyunca birden fazla kez dogum
yapabilir (Pyke 2005). Canli doguran bu tiirlerin
disileri ortam sartlar1 uygun oldugunda 3-4 haftada
bir dogum yapar. Bu tirlerin {iremeleri erkek
bireylerinin sahip oldugu kopulasyon organi
sayesinde olur ve disi bireyler erkekten gelen sperm
hiicrelerini dollenme zamanina dek canli bir sekilde
saklayabilir (Krumholz 1948).

Giincel calismalarda tiiriin, birbirinden oldukca
farkli karakterdeki sucul habitatlara uyum saglama ve
girdikleri ortamlarda ¢ok kisa zamanda biiyiik
popiilasyonlar olusturabilme yetenegine sahip
oldugu kanitlanmistir. Bununla birlikte bu tiirlerin
girdikleri sucul ortamlarda meydana getirdikleri pek
cok olumsuz etki net olarak ortaya koyulmus ve bu
tiirler yakin donemde “diinyanin en istilact 100 canlt
tiirii” arasindaki yerini almistir (ISSG 2013).

Tiirkiye sularinda gliniimiizden 15 y1l Oncesine
kadar olan c¢alismalarin neredeyse tamaminda
G. affinis tirt bildirilmis olmakla beraber (Geldiay
ve Balik 1996; Bahadiroglu ve Biiylikcapar 1997;
Oztiirk ve Ikiz 2003), son dénem c¢alismalarimin
O6nemli bir kismunda G. holbrooki tirii rapor
edilmistir (Kuru 2004; Tarkan vd. 2006; Ergiiden
2013; Ozulug vd. 2013). Yasanan bu durumun temel
sebebi, G. affinis ve G. holbrooki tirlerinin
morfolojik ve anatomik agidan birbirine ¢cok benzer
olmasidir (Pyke 2005). Bunun yani sira, bu iki tiiriin
gectigimiz ylizyila kadar Gambusia affinis affinis ve
Gambusia affinis holbrooki olarak alt tiir diizeyinde
tanimlanmig olmalar1 da tiir kayitlarinda yasanan
karigikligin  bir bagka nedeni olarak karsimiza
¢ikmaktadir.

Sivrisinek baliklarimin Tiirkiye’deki dagilimini
ortaya koyan farkli amaglarla gergeklestirilmis
birgok c¢alisma bulunmaktadir. Bu ¢alismalarin bir
kismina kronolojik sira cercevesinde Tablo 1°de
deginilmistir.

Tablo 1. Onceki calismalarda Tiirkiye’den verilmis sivrisinek baligi kayitlar1.

Kayit Yeri Referans Kayit Yeri Referans
Balik Golii (Bafra) Kuru (1975) Taflan Deresi (Samsun) Ugurlu ve Polat (2007)
Gelemen DUCK (Samsun) Kuru (1975) Yurtluk Cay1 (Samsun) Ugurlu ve Polat (2007)
Aras Nehri DUCK (Igdir) Kuru (1975) Taflan Deresi (Samsun) Ugurlu ve Polat (2007)
Cigli Deresi (izmir) Balik (1979) Dipsiz-Cine Deresi (Mugla) Ozcan (2008)
Biiyiik Menderes Nehri Balik (1979) Topgam Baraj Goli (Aydin) Ozcan (2008)
Biiyiikcekmece G.(Istanbul) Balik (1985) Golbas1 Goleti (Bursa) iThan ve Balik (2008)
Meri¢ Nehri (Ipsala-Edirne) Balik (1985) Kumagir (Kahramanmaras) Kara vd. (2010)
Pamuklu Goli (Edirne) Balik (1985) Gavur Goli (Kahramanmaras) Kara vd. (2010)
Koycegiz Goli (Mugla) Balik (1988) Korkun Deresi (Adana) Erk’akan ve Ozdemir (2011)
Avras Nehri (Erzurum) Geldiay ve Balik (1996)  Karasu Deresi (Gaziantep) Birecikligil ve Cigek (2011)
Akgol (igel) Anonim (1997) Nizip Cay1 (Gaziantep) Birecikligil ve Cigek (2011)
Biiyiikgekmece Golii (istanbul) ~ Ozulug (1999) Merzimen Deresi (Gaziantep) Birecikligil ve Cicek (2011)
Acisu (Antalya) Kiiciik ve Tkiz (2004) Bafra Balik Golleri (Samsun) Oztiirk vd. (2011)
Kargt Cay1 (Antalya) Kiiciik ve Tkiz (2004) Davutlar Mevkii (Osmaniye ) Erk’akan ve Ozdemir (2011)
Kovada Kanali (Antalya) Kiigiik ve ikiz (2004) Camizagili Deresi (Adana) Erk’akan ve Ozdemir (2011)
Dalaman Cay1 (Mugla) Oztiirk ve Ikiz (2004) Ula Géleti (Mugla) Onsoy vd. (2011)
Ortaca Mevkii (Mugla) Oztiirk ve 1kiz (2004) Kopriicay Deresi (Antalya) innal (2012)

Omerli Baraj Gélii (Istanbul)
Koycegiz Goli (Mugla)

Tersakan Deresi (Mugla) Yilmaz vd. (2006)
Afyonkarahisar kaynaklari Yegen vd. (2007)

Ozulug vd. (2005b)
Yilmaz vd. (2006)

Biiyiik Menderes Nehri (Aydin)
Sarigay Rezervuar: (Mugla)
Yuvacik Rezervuari (Kocaeli)
Acig6l K. (Afyonkarahisar)

Keskin vd. (2013)
Keskin vd. (2013)
Keskin vd. (2013)
Yogurtcuoglu (2016)

DUC: Devlet Uretme Ciftligi Kanallar1. K: Kaynaklari.

Ege Universitesi Su Uriinleri  Fakiiltesi
Temel Bilimler Boliimii  Igsular  Biyolojisi
Anabilim Dali tarafindan Tiirkiye’de yiiriitilmiis
cesitli  projelerde  Gambusia  genusuna  ait
kayitlar ~ bulunmaktadir.  Birimin  tiire  ait
ilk orneklemesi Prof. Dr. Remzi GELDIAY
tarafindan 1963 yilinda Pinarbasi’ndan (Bornova,
Izmir) yapilmistir (Miize kodu: ESFM-PISI/1963-
012, Tarihi: 20.12.1963). Cesitli proje ¢alismalarinda
orneklenmis olan tiire ait bireyler Ege Universitesi
Su Uriinleri Fakiiltesi Miizesi’nde saklanmaktadir
(Sar1 ve Balik 1995; Balik vd. 1996, 2002;

Sar1 vd. 1999a; Ustaoglu vd. 2000; Balik vd. 2003;
Sar1 vd. 2004).

Materyal ve Metot

Tirin yasam toleransi ¢ok yiiksek oldugundan,
arazi ¢aligmalari siiresince ¢ok ¢esitli karakteristik
oOzelliklere sahip su kaynaklari incelenmis, secilen bu
su kaynaklarmin miimkiin  oldugunca farkli
ozelliklere sahip tipolojilerinden tesadiifi olarak
orneklemeler yapilmistir. Tiim 6rnekleme ¢aligmalari
Nisan 2016 ile Kasim 2017 arasindaki tarihlerde
tamamlanmigtir, Caligma bir tarama c¢alismasi
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oldugundan hedeflenen lokalitelere sadece 1 kez
gidilmistir.

Ornekleme icin arazi bdlgesinin uygunluguna
gore kanatlar1 10 metre, torbast 5 metre, toplamda
25 metre uzunlugunda, 3 mm tor g6z agikliginda tiil
18r1p ya da 500 mikron goz aciklig olan el kepgesi
kullanilmigtir. Caligmalar farkli mevsimlerde, farkli
arazi sartlarinda gerceklestiginden, ¢aligma siireleri
lokalitelere gore degiskenlik gostermis olup; hava
durumuna ve lokalitenin elverigliligine gore
30 dakika ile 4 saat arasinda degismistir. Igrip
ile yiiriitiilen avcilikta operasyon sayisi 3-5 arasinda
degiskenlik gostermis iken; el kepgesi ile yiiriitiilen
operasyonlarda bu say1 16-20 arasinda degismistir.
Gambusia tiirleri 6zel mikrohabitat tercihleri olan
baliklar oldugundan tiiriin bir su kaynaginda varlik
gosterip  gostermediginden emin olmak igin
tiim su kaynaklar1 pek ¢ok farkli noktasi taranmaistir.
Arazideki taramalar sirasinda lentik lokalitelerde
suyun mansap kisimlarindan baglayarak kaynak
kisimlarina dogru ¢ikilmig, lotik lokalitelerde
ise kiyr boyunca miimkiin olan mesafeler boyunca
ylirlinmiistiir. Tirlin habitat tercihleri agisindan
suyun durgunlugunun ve vejetasyonun Onemi
bilindiginden, taranan su kaynaginda su akiginin
oldukca yavas oldugu ya da akisin hi¢ olmadig:
noktalar sec¢ilmis; bununla birlikte vejetasyonun
yogun olarak bulundugu noktalar 6zellikle kontrol

edilmistir. Hem lentik hem lotik lokalitelerde tiiriin
tespit edilemedigini ifade etmeden once ilgili
kaynagin tesadiifi olarak secgilen en az bes farkli
noktas1 tiirtin varhigi/yoklugu agisindan kontrol
edilmisgtir.

Orneklenen bireyler yiiksek dozda fenoksietanole

(1 ml/L) tabi tutularak Otenazi edilmistir.
Otenazi isleminden sonra Gambusia bireyleri
%4’lik  formaldehit  sollisyonuna  almarak

fikse edilmistir. Viicut biitiinliigi bozulmayan
bireyler Ege Universitesi Su Uriinleri Fakiiltesi
Miizesi'nde  kodlandiriip ~ muhafaza  altina
alinmustir.

Arazi ¢aligmalart sirasinda 6rneklerin toplandig
noktalarin koordinatlart ve rakimlari GPS (Global
Positioning System, Cografi Koordinat Sistemi) ile
ondalik derece olarak Sl¢lilmiistiir. Bireysel olarak
yapilan ornekleme c¢aligmalari disinda 2’si lotik 2’si
lentik olmak tizere toplam 4 lokalite icin diger
arastiricilardan 6rnek temini yoluna gidilmistir. Bu
lokalitelerin 3’ Giineydogu Anadolu Boélgesi’nde,
1’1 Ege Bolgesi’nde bulunmaktadir. Bu lokalitelerle
birlikte incelenen lokalite sayist lotik sular igin 39,
lentik sular igin 28’¢ ulagmugtir. Arazi ¢aligmasi
gerceklestirilen lokalitelerin  tamami  Sekil 1°de
gosterilmistir (Harita R istatistik paket programi
yardimi ile olusturulmustur; R-Development Core
Team 2015).
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Sekil 1. Tiirkiye’de Gambusia sp.’nin varliginin arastirildigi lokaliteler (Longitude:Enlem, Latitude:Boylam).
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Arazi ¢alismalarindan elde edilen bireylerin tiir
teshis islemleri Ege Universitesi, Su Uriinleri
Fakiiltesi, Su Uriinleri Temel Bilimleri Boliimii
blinyesinde bulunan Limnoloji Laboratuvari’nda
gergeklestirilmigtir.  Tiirlerin ~ teshis  edilmesi
bireylerin genel morfolojilerine ve viicut kisimlarinin
morfolojik yapilarmma gore yapilmisg; erkeklerin
gonopodium yapilar1 tiir teshislerinde 6zel olarak
dikkate alinmistir (Berg 1965; Ozulug vd. 2007).

Bulgular

Gambusia cinsinin Tirkiye’deki dagilimini
arastirmak amaci ile Tiirkiye’nin 6 farkli cografik
bolgesinde (Ege, Akdeniz, Giineydogu Anadolu,
Ic Anadolu, Karadeniz ve Marmara) bulunan
toplamda 130 lentik ve lotik su kaynaginda
gerceklestirilen arazi ¢aligmalari neticesinde, toplam
67 lokalitede tirin varhigr tespit edilmistir.
Geri kalan 63 lokalitede tiiriin  varligina

rastlanmamistir.  Tir  teshisleri  neticesinde
orneklenen tiim bireylerin sadece G. holbrooki tiiriine
ait oldugu, bu tiir disinda 6rneklemelerde Gambusia
genusuna ait baska tlirde bireyin elde edilmedigi
tespit edilmistir.

Arazi calismalar1 sirasinda baligin yakalanmis
oldugu lentik ve lotik lokalitelerin bulunduklar
bolgeler, ait olduklar1 akarsu havzalari, rakimlart ve
koordinatlart Tablo 2 ve 3’te verilmektedir. Tiirlin
daha oOnceden verilmis her hangi bir kaydina
ulagilamayan lokaliteler tablo iizerinde yeni kayit
olarak belirtilmistir.

Cesitli arastiricilardan temin edilen G. holbrooki
ornekleri Tablo 4’te verilmistir.

Yiriitilen arazi ¢aligmalari  kapsaminda
ornekleme g¢aligmasi yapilan bazi su kaynaklarimin
fotograflart Sekil 1’de verilmistir. Tiirkiye’de
yiiriitiilen arazi galigmalar1 kapsaminda tiirlin tespit
edilemedigi su kaynaklar1 Tablo 5’te verilmistir.

Tablo 2. Lentik lokalitelerin adlari, bolgeleri, havzalari, rakim, konum ve 6nceki kayitlari.

No Lokalite B Havza Ralim(m) Enlem Boylam  Onceki Kayitlar
Gl Belevi Golu E Kiigiik Menderes 2 38,01° 27,45° Yeni Kayit
G2 Kazan Goli E Kiigiik Menderes 3 37,98° 27,26° Yeni Kayit
G3 Sazligél E Gediz 2 38,56° 26,86° Yeni Kayit
G4  Silukligol E Gediz 609 38,57 27,50° Yeni Kayit
G5  Marmara Goli E Gediz 74 38,58°  28,00° flhan ve Sar1 (2013)
G6  Kurkgoz Kaynaklar A Antalya 303 37,10° 30,58° Giiglii ve Kiigiik (2011)
G7  Titreyengol A Antalya 4 36,75° 31,45° Kiigiik ve Tkiz (2004)
G8  Seyhan Baraj Goli A Seyhan 57 37,03° 35,31° Erk’akan ve Ozdemir (2011)
G9 Mercimek Golleri A Ceyhan 25 37,05° 35,75° Yeni Kayit
G10 Eber Golii iA Akargay 967 38,61°  31,12° Yeni Kayt
G11  Karamik Batakligi E Akargay 1007 38,37° 30,74° Yeni Kayit
G12  Isikli Goli E Biiyiik Menderes 816 38,25° 29,93° Balik (1979)
G13  Kocagol E Bat1 Akdeniz 1 37,28° 27,65° Yeni Kayit
G14  Akgol A Bati Akdeniz 1 36,69°  29,03° Oztiirk ve 1kiz (2003)
G15  Giillik Lagiinii E Bat1 Akdeniz 0 37,25° 27,62° Yeni Kayit
G16  Bafa Goli E Biiyiik Menderes 2 37,48° 27,53° Balik (1979), Sar1 vd. (1999b)
G17  Azap Goli E Biiyiik Menderes 3 37,58° 27,43° Yeni Kayit
G18  Barutgu Golii E Kiigiik Menderes 1 37,98° 27,31° Balik ve Ustaoglu (1988)
G19 Kocagol E Kiigiik Menderes 1 37,94°  27,33° Yeni Kayit
G20  Gebekirse Golu E Kiigiik Menderes 2 37,98° 27,30° Balik ve Ustaoglu (1988)
G21  Egirdir Goli A Antalya 917 38,07  30,85° Kiigiik vd. (2009)
G22  Beysehir Golu A Konya Kapali 1123 37,71°  31,46° Yegen vd. (2006)
G23  Karakuyu Golii E Biiyiik Menderes 1006 38,05° 30,21° Yeni Kayit
G24  Acigol-Bagmaker su kaynaklari A Burdur Goélleri 838 37,83° 29,96° Wildekamp vd. (1997)
G25 VR.Yazicioglu B. E Biiyiik Menderes 328 37,76° 29,12° Yeni Kayit
G26  Giilliibag Goleti E Biiyiik Menderes 716 38,37°  29,04° Yeni Kayit
G27  Uluabat Goli M Susurluk 2 40,16° 28,67° Berber vd. (2011)
G28  Iznik Golii M Marmara 83 40,46°  29,33° Ozulug vd. (20052)
G29  Golbas1 Golii (Hatay) A Asi 84 36,50°  36,48° Oztiirk ve Tkiz (2004)
G30  Golbas1 Golii (Adiyaman) GDA  Ceyhan 883 37,79° 37,65 Yeni Kayit
G31  Giillapoglu Goleti M Merig 41 41,63°  26,61° Giiner (2010)
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Tablo 2. Devam.

No Lokalite B Havza Rakim(m) Enlem Boylam Onceki Kayitlar
G32 Mert Goli M Marmara 0 41,86° 27,96° Yeni Kayit

G33 Poyrazlar Golit K Sakarya 25 40,83° 30,46° Yeni Kayut

G34 Sapanca Golii M Sakarya 30 40,70° 30,31° Ozulug vd. (2007)
G35 Efteni Goli K Bati Karadeniz 118 40,75° 31,05° Yeni Kayit

G36 Mogan Golit iA Kizilirmak 975 39,77° 32,78° Yeni Kayit

G37 Bahgecik Goleti iA Sakarya 894 39,41° 31,337 Yeni Kayt

B: Bélge, E: Ege Bolgesi, A: Akdeniz Bélgesi, IA: I¢ Anadolu Bblgesi, GDA: Giineydogu Anadolu, M: Marmara Bolgesi, K: Karadeniz Bolgesi

Tablo 3. Lotik lokalitelerin adlar1, bolgeleri, havzalari, rakim, konum ve 6nceki kayitlari.

No Adi B Havza Rakim(m) Enlem Boylam  Onceki Kayitlar

Al Karpuz Cay1 A Bati Akdeniz 1 36,71°  31,55° Yeni Kayit

A2 Alara Cay1 A Antalya 5 36,66~  31,65° Kiigiik ve Tkiz (2004)
A3 Sultansuyu A Dogu Akdeniz 3 36,03° 32,81° Geldiay ve Balik (1996), Balik (1988)
Ad Akgol kanal A Dogu Akdeniz 2 36,33° 33,99° Yeni Kayit

A5 Berdan Cay1 A Dogu Akdeniz 27 36,95°  34,88° Yeni Kayit

A6 Seyhan Nehri A Seyhan 1 36,75  35,01° Balik (1988)

A7 Karatag kanal (Seyhan Nehri) A Seyhan 2 36,60°  35,38° Yeni Kayit

A8 Akyatan Lagiinii kanal 1 A Seyhan 1 36,63° 35,31° Yeni Kayit

A9 Akyatan Lagiinii kanal 2 A Seyhan 1 36,60°  35,35° Yeni Kayit

Al10  Sumbas Cay1 Bulduklu k. A Ceyhan 38 37,38 35,90° Yeni Kayit

All  Golyazi Koyii su kaynagi IA  Konya Kapali 918 38,55°  33,20° Yeni Kayit

Al2  Sarisu sazliklar A  Bati Akdeniz 1 36,72° 28,71° Yeni Kayit

Al13  Sarisu Cay1 1 A  Bati Akdeniz 2 36,71° 28,71° Yeni Kayit

Al4  Sarisu Cay1 2 A  Bati Akdeniz 1 36,70° 28,71° Yeni Kayit

Al5  Kocagol kanal E  Bati Akdeniz 1 36,70° 28,81° Yeni Kayit

Al6  Yuvarlakgay A Bati Akdeniz 3 36,90° 28,68° Balik vd. (2005), Yilmaz vd. (2006)
Al7  Sarigay E  Bati Akdeniz 12 37,30° 27,70° Yeni Kayit

Al18  Soke Milas yolu Drenaj K. E B. Menderes 4 37,58° 27,35° Yeni Kayit

Al19  Pinarbas1 Kaynaklar A Burdur Golleri 998 37,45° 30,05° Yeni Kayit

A20  Narli Deresi E B. Menderes 550 38,32° 29,10° Yeni Kayit

A21  Gediz Nehri eski kanali E  Gediz Havzasi 1 38,61° 26,81° Balik (1979)

A22  Mili¢ Irmag1 K Yesilirmak 4 41,18°  37,01° Yeni Kayit

A23  Kizilirmak Deltast K Kizilirmak 1 41,66° 36,03° Ugurlu ve Polat (2007)
A24  Bakircay E  Kuzey Ege 3 38,95  27,01° Yeni Kayit

A25  Kocagay M Susurluk 17 40,13°  28,04° Yeni Kayit

A26  Tatarhiiyiik mevkii M Meri¢ 105 41,69° 26,69° Yeni Kayit

Kisaltmalar i¢in Tablo 2’ye bakiniz.

Tablo 4. Cesitli arastiricilardan temin edilen G. holbrooki bireylerinin lokaliteleri.

No Tarih B Havza Istasyon Adi

G38 08.04.2014 GDA Firat Tahta Koprii Baraji (Gaziantep)

G39 13.11.2014 GDA Firat Dicle Universitesi Goleti (Diyarbakr)
A27 08.06.2014 GDA Gediz Kuerk Nehri/Sinnes Deresi (Kilis)
A28 13.10.2016 E Gediz Giilbahge Deresi (Izmir)

Kisaltmalar igin Tablo 2’ye bakiniz.
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1T

Berda Cay1 (Mersin)

Poyrazlar Golii (Adapazar)
Sekil 1. Arazi ¢aligmasi kapsaminda 6rnekleme galigmasi yapilan bazi lokaliteler.

Tablo 5. Tarama ¢aligmalari sirasinda tiiriin tespit edilemedigi su kaynaklari.

No  Tarih Lokalite Adi Bulundugu Sehir
1 06/04/2016 Degirmendere Menemen-izmir
2 06/04/2016 Emiralem Regiilatori Menemen-izmir
3 06/04/2016 Cukurkdy Deresi Menemen-izmir
4 06/04/2016 Gediz Nehri eski kanali Buruncuk-Izmir
5 06/04/2016 Gediz Nehri eski kanali Haykiran-Tzmir
6 06/04/2016 Gediz Nehri eski kanali Menemen (Seyrek kdy drenaj kanallari)-izmir
7 14/05/2016 Dim Cay1 Alanya-Antalya
8 16/05/2016 Akgol Silifke-igel
9 19/05/2016 Tersakan Goli Cihanbeyli-Konya
10 19/05/2016 Bolluk Goli Cihanbeyli-Konya
11 19/05/2016 Mamasin Baraji Merkez-Aksaray
12 20/05/2016 Aksehir Golii Aksehir-Konya
13 23/05/2016 Dalaman Cayi Anakol-Narlikdyii mevkii-Dalaman-Mugla
14 23/05/2016 Dalaman Cay1 Anakol-Ortaca mevkii-Mugla
15 24/05/2016 Bafa Goli Sercin Golii kismi-Sergin-Soke-Aydin
16 05/06/2016 Eren Cay1 Hacilar-Burdur
17 05/06/2016 Biigdiiz cay1 Suludere-Burdur
18 05/06/2016 Karatag Goli Bahgeozii-Karamanli-Burdur
19 05/06/2016 Salda Goli Dere agizlari-Salda-Yesilova-Burdur
20 05/06/2016 Yarigh Gola Kocapinar-Sazak koyleri-Yesilova-Burdur
21 07/06/2016 Acigdl? Basmakg1-Afyonkarahisar
22 07/06/2016 Selevir Baraji Suhut-Afyonkarahisar
23 07/06/2016 Burdur Goli Merkez-Burdur
24 08/06/2016 Yayla Goli Siileymaniye Golii-Buldan-Denizli
25 10/10/2016 Sevisler Baraji Soma-Balikesir
26 11/10/2016 Kelebek Cay1 Turgutlu-Manisa
27 11/10/2016 Matdere Salihli-Manisa
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Tablo 5. Devam

No Tarih Lokalite Ad1 Bulundugu Sehir
28 11/10/2016 Mersindere Salihli-Manisa

29 11/10/2016 Sardes Deresi Salihli-Manisa

30 11/10/2016 Demirkoprii Baraji Kopriibagi-Manisa
31 11/10/2016 Ikizcetepeler Baraji Inkaya-Balikesir

32 11/10/2016 Saribeyler Baraji Savastepe-Balikesir
33 11/10/2016 Kocagay1 Manyas-Balikesir
34 11/10/2016 Sultangayir Nehri Susurluk-Balikesir
35 11/10/2016 Mustafakemalpasa Cay1 Demireli-Bursa

36 03/08/2017 Tekir Goleti Erciyes-Kayseri

37 03/08/2017 Alaca Baraji Alaca-Corum

38 02/08/2017 Inekli Golii Golbasi-Adryaman
39 02/08/2017 Azapli Goli Golbagi-Adiyaman
40 02/08/2017 Gavur Goli Tiirkoglu-Kahramanmaras
41 02/08/2017 Sir Baraji Ceyhan Nehri iizeri-Kahramanmaras
42 02/08/2017 Aksu Cay1 Kahramanmaras

43 02/08/2017 Atatiirk Barajt Firat Nehri tizeri-Adiyaman
44 04/08/2017 Taflan Deresi Atakum-Samsun
45 04/08/2017 Horhor Cay1 Samsun

46 05/08/2017 Sartkum Merkez-Sinop

47 02/11/2017 Omerli Baraj Golii Cekmekdy-istanbul
48 02/11/2017 Kuzuludere Catalca-Istanbul

49 02/11/2017 Yenicaga Golii Merkez-Bolu

50 02/11/2017 Komiirliik Deresi Sile-Istanbul

51 02/11/2017 Biiyiikgekmece Golii (Giiney kismi) Catalca-istanbul

52 03/11/2017 Yaprakl Baraji Golhisar-Burdur

53 03/11/2017 Eymir Goliil Cankaya-Ankara
54 04/11/2017 Yenice Baraji Eskisehir

55 16/10/2017 Biiyiikdere Manisa

56 16/10/2017 Yagcili Deresi Manisa

58 18/10/2017 Karadere [zmir

60 18/10/2017 Caltikoru Baraji Bergama-izmir

61 18/10/2017 Caltikoru Deresi Bergama-izmir

62 18/10/2017 Tlyasdere Merkez-Aydin

59 19/10/2017 Candarli Dalyan Dikili-izmir

57 19/10/2017 Kestel Baraj1 Bergama-izmir

63 19/10/2017 Bakirgay anakol Bergama-izmir

1:Gélde arastirma yapmak icin Orta Dogu Teknik Universitesi’nin 6zel izni gerektiginden gol ¢ok smirl bir sekilde kontrol edilebilmistir.
2:Ac1g6l’iin kendi sular tiiriin yasamasi igin uygun fizikokimyasal 6zellikte degildir. Ancak tiir Acigdl kaynaklarinda varligini siirdiirebilmektedir.

Tartisma
Sivrisinek baliklarinin Tiirkiye’deki dagiliminin
agirhklt  olarak Ege, Akdeniz ve Marmara

Bolgeleri’nde oldugu goriilmiis; arazi g¢aligmalar
kapsaminda incelenen lokaliteler i¢inde, tiiriin daha
onceden kaydinin verilmis oldugu lokalitelerin
neredeyse tamaminda varligim1 korumaya devam
ettigi tespit edilmistir. Tiiriin daha 6nceden kaydinin
verilmis olup, bu ¢aligma sirasinda varliginin tespit
edilemedigi 3 lokalite (Biiylikgekmece Golii, Gediz
Nehri, Omerli Baraj Gélii) bulunmaktadir. Caligma

sirasinda arazi sartlar1 sebebi ile Biiylikgekmece
Goli’niin sadece giiney cephesi kontrol edilebilmis
ve goliin bu cephesinde tiire rastlanmamistir (Ancak
goliin kuzey cephesinde tiriin mevcut bulundugu
ifade edilmektedir (Dog.Dr. Ozcan GAYGUSUZ
2017, sozli goriisme)). Gediz Nehri’nin kanal
genisletme calismast yapilan kisimlarinda tiiriin
varlig1 tespit edilememistir. Omerli Baraj Golii ise
cok biiylik ve icerisinde ¢ok farkli mikrohabitatlar
barindiran bir baraj goliidiir, tarama c¢alismasinda
baraj golii her ne kadar bu farkli kisimlarindan
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kontrol edilmis ve tiir tespit edilememis olsa da; tiiriin
baraj goliindeki varligmi devam ettiriyor olmasi
olasidir.

Tirkiye’de  yiirlitiilen  arazi  caligmalar
kapsaminda tiirlin tespit edilemedigi su kaynaklari
Tablo 5°te verilmistir. Bu lokalitelerden bazilarinin
fizikokimyasal Ozellikleri, bazilarinin ise habitat

Ozellikleri  tiirlin  ihtiyaglarim  karsilamamakta
oldugundan tiiriin bu lokalitelerde dagilim
gosteremedigi  tahmin  edilmektedir.  Ornegin

Tersakan ve Bolluk Golleri yiiksek miktarlarda
sodyum siilfat barindiran gollerdir ve bu durum tiiriin
yasamina uygun olmayan bir 6zellik yaratmaktadir.
Dim Cayi, Dim Baraji’ndan Akdeniz’e dokiildigii
noktaya dek oldukca yiiksek bir debi ile akan bir
akarsu niteligindedir ve bu 6zelligiyle tiiriin durgun
suya olan ihtiyacim1 kargilamamaktadir. Dalaman
Cay1 (anakol), Bakirgay (anakol) ve Emirelam
Regiilatorii de tipkt Dim Cay1 gibi hizli akan akarsu
kaynaklaridir. Eren ve Biigdiiz ¢aylarinin 6rnekleme
yapilan donemde olduk¢a az miktarda su
bulundurdugu tespit edilmistir, tir ilgili su
kaynaklarinda bu nedenle tespit edilememis olabilir.
Mustafakemalpasa Cay1 oldukea kirlidir ve tiiriin bu
nedenle burada yasam sansi bulamadigi tahmin
edilmektedir, zira 6rnekleme calismalar1 sirasinda
suda baska balik tiiriine de rastlanmamuistir.
Demirképrii, Ikizcetepeler ve Saribeyler barajlarida
vejetasyon orani oldukca diisiiktiir ve bu barajlar
tiriin vejetasyon ihtiyacin1 karsilagamamaktadir.
Inekli G61, Gavur Gélii ve Azapl Gél ise drnekleme
yapilan donemde tarimecilik faaliyetleri amacli olarak
biiyiik 6l¢iide kurutulmustur. Bu goéllerden arta kalan
su birikintilerinde ise tiire rastlanmamigtir. Aksehir
Goli'niin  sulart  6rnekleme doéneminde ¢ekilmis
durumdadir, gol cevresi balgikla kaphidir ve bu
nedenle gol ¢ok smrli bir sekilde kontrol
edilebilmistir. Gediz Nehri eski kanalinda 6rnekleme
yapilan donemde kanal genigletme calismasi
oldugundan habitatlar tahrip edilmis durumdadir, bu
nedenle tiirin bu alanda bulunamadigi tahmin
edilmektedir =~ (Nehrin  ¢alisma  yapilmayan
kisimlarinda tiiriin varlig1 tespit edilmistir). Burdur,
Salda, Yarishh ve Karatag gollerinin sahip olduklar
Ozgiin fizikokimyasal &zellikler sebebi ile tiiriin
yasamina elverigli olmadig diistiniilmektedir.
Yapilan caligma neticesinde G. holbrooki’nin
Ege, Akdeniz, Karadeniz ve Marmara bolgelerindeki
su kaynaklarinin biiyiikk bir ¢ogunlugunda dagilim
gosterdigi; I¢ Anadolu Bélgesi’nde ise dagiliminin
olduk¢a smirli oldugunu ortaya koyulmustur.
Calisgmadan elde edilen tiirlin dagilim haritasinin,
Koppen-Geiger (Peel vd. 2007) Tirkiye iklim
modelinde o6zellikle C smmifi iklim modelinin
(B Smifi: Kurak, Temel Ozelligi: Buharlasma
yagistan fazladir ve siirekli su eksigi vardir. C Smift:

Kiglar1 1liman nemli, orta enlem, Temel Ozelligi: En
soguk ayin ortalama sicakliginin 18°C’nin altinda ve
0°C’nin istiinde, en sicak aym ortalama sicakligi
10°C’nin istiindedir. D Smifi: Kislar1 soguk ve
nemli, orta enlem, Temel Ozelligi: En soguk aymn
sicakligl 0°C’nin altindadir ve en sicak ayin ortalama
sicakligr 10°C’nin iistiindedir) goriildiigii alanlar ile
fazlasiyla ortiismesi oldukea dikkat cekicidir (Oztiirk
vd. 2017). Bu durum, tiiriin dagiliminda, sicakligin
oldukea etkin bir faktor oldugunu diistindiirmektedir.
Ancak bu noktada sicaklik diginda tiiriin dagilimini
smmirlayan  baz1  fizikokimyasal = parametrelerin
(tuzluluk, soda, pH vb.) de varlig1 aciktir. Bununla
birlikte G. holbrooki tiirtiniin daha ¢ok akarsularin
mansap bolgeleri ile gollerin az akintili ve
vejetasyonlu kisimlarinda basarili popiilasyonlar
olusturabildigi; hizli akan sular1 yasam alani olarak
tercih etmedigi gozlemlenmistir.

G. holbrooki nin giris yaptig1 su ortamlarina hizl
ve kolay adapte olabilmesi, degisen su
parametrelerine toleransinin ¢ok yiiksek olusu ve
sahip oldugu Ustlin tireme stratejileri, tiiriin 1920’1i
yillarda yapilan ilk agilamasindan sonraki 100 y1l gibi
kisa bir siire iginde Tiirkiye’de sahip oldugu hizli ve
giiclii dagilimini agiklamaktadir.

Akvaryum ticareti yolu ile baliklarin kitalararasi
da dahil olmak tiizere oldukca rahat pazarlandig:
giinimiiz diinyasinda, her ne kadar bu calisma
kapsaminda tek bir Gambusia tiiriiniin varlig1 tespit
edilmis de olsa, G. holbrooki tiirii disinda Gambusia
genusuna ait olan bagska bir tiiriin sularimiza girip
girmedigi hala siiphelidir. Bununla birlikte
Tiirkiye’de  yapilan  kontrolsiiz  baliklandirma
calismalari ve bilingsizce hareket eden kisiler nedeni
ile asilanan tirlerin hangi su kaynaklarindan
getirildigi  bilinemediginden, sivrisinek  balik
tiirlerinin Tirkiye’deki durumlari heniiz net bir
acikliga kavusturulamamaistir.

Dagilim  gosterdigi  habitatlarda  meydana
getirdigi olumsuz etkiler ile yerli ve endemik tiirlerin
yok olmasina sebep olabilen G. holbrooki tiirii (Pyke
2008) ile etkin ve dogru bir sekilde miicadele
edebilmenin yolu, yapilacak bilimsel ¢alismalarin
niteliginin ve niceliginin arttirllmasindan
gegmektedir. Tirin sahip oldugu basarili iireme
stratejilerinin giiclii popiilasyonlar
olusturabilmesindeki etkisi bilinmekte oldugundan,
tiiriin tiremesi 6zellikle izlenmelidir.
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The present study was carried out in order to explore the effect of different RESEARCH ARTICLE
artificial mediums and in vitro storage periods on fertilization, eyeing and

hatching success of scaly carp (Cyprinus carpio) eggs. The batches of about 200 Received ~ :06.12.2018
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period. The highest fertilization rates were determined as 86% and 72% with the
egg samples stored for 60 min in Cortland solution and for 90 min in Ovarian
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fluid respectively (p<0.05). The highest eyeing rate (80%) was determined in egg *

samples kept in Cortland solution for 60 min storage (p<0.05). Despite the best CORRESPONDING AUTHOR
hatching rate (60%) of the egg samples determined with Ovarian fluid at 30 min
storage, the Cortland solution was (48%) the best for 90 min (p<0.05). Results
indicate that Cortland solution is the most suitable extender and can be substituted
instead of Ovarian fluid for in vitro storage of scaly carp eggs.

yusuf.bozkurt@iste.edu.tr
Phone :+90 326 614 16 93

Keywords: Extender, egg, short-term preservation, fertilization

Déllenmemis Pullu Sazan (Cyprinus carpio) Yumurtalarimn /n Vitro Muhafaza Edilmesi: Sulandiric1 ve
Muhafaza Siirelerinin Etkisi

Oz: Bu galisma, farkli sulandirici ve in vitro muhafaza siirelerinin pullu sazan (Cyprinus carpio) yumurtalarinin déllenme, gézlenme
ve agilma basarist ilizerine olan etkilerinin aragtirilmasi amaciyla yiiriitiilmiistiir. 20-ml hacmindeki ti¢ farkli sulandiric1 (Ringer,
Dettlaff ve Cortland) ve ovaryum stvist ile 15-cm ¢apli petri kutularinda muamele edilen yaklasik 200 yumurta, 22.5° C'de 30, 60
ve 90 dk siire ile muhafaza edildi. /n vitro muhafaza edilen yumurtalar, muhafaza siiresinin sonunda %80'den fazla motil 6zellige
sahip olan 50 pl sperma ile her petri kutusunda dollenmistir. En yiiksek fertilizasyon oranlari, Cortland soliisyonunda 60 dk ve
ovaryum sivisinda 90 dk muhafaza edilen yumurta 6rneklerinde sirasiyla %86 ve %72 olarak belirlenmistir (p<0,05). En yiiksek
gozlenme orani Cortland soliisyonunda 60 dk muhafaza edilen yumurta 6rneklerinde %80 olarak belirlenmistir (p<0,05). En iyi
acilma orani ovaryum sivisinda 30 dk muhafaza edilen yumurta drneklerinde %60 olarak belirlenmesine ragmen, 90 dk muhafaza
siiresinde ise en iyi sonug¢ Cortland soliisyonunda %48 olarak elde edildi (p<0,05). Elde edilen sonuglar, Cortland soliisyonunun en
iyi sulandirici oldugunu ve pullu sazan yumurtalarinin in vitro muhafazasinda ovaryum sivisi yerine ikame edilebilecegini
gostermektedir.

Anahtar kelimeler: Sulandirici, yumurta, kisa siireli muhafaza, déllenme
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Introduction The long-term conservation of fish sperm has been

Conservation of gametes in the cold or  widelyexplored and optimized with cryopreservation
frozen state is an important biotechnological tool  techniques. Nowadays, it is possible using
and has great concern for aquaculture. Growing  cryopreserved sperm in artificial propagation
attention to this biotechnology has guided applications in aquaculture. On the other hand,
an increasing number of researches in this  similar methods regarding the conservation of eggs
field (Carolsfeld et al. 2003; Tiersch 2011). have not resulted in satisfactory results due to the
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difficulty of removing intercellular water during the
cooling process in the cells (Stoss 1983).

Mature eggs may be retained for weeks until
ovulation. Ovulated eggs retained in the ovarian
cavity are exposed to overripening because of
morphological and biochemical maodifications
affecting gamete and fertility quality negatively
(Formacion et al. 1993). Nevertheless, time for
storage is still available for effective using of
ovulated eggs. Thus, prolonging of egg viability is an
important issue in term of aquaculture practices
(Rothbard et al. 1996).

The ovulated eggs should be fertilized within a
certain period of time following the ovulation process
in order to obtain viable embryos (Hobby and
Pankhurst 1997). The important issue to be known
that fertilization of ovulated eggs progressively
decreases and then disappears when they are kept in
the body cavity of the female for a long time. On the
other hand, it is possible maintaining of fertility much
longer for the eggs preserved in saline or coelomic
solutions (Dettlaff et al. 1993). Conservation of fish
eggs diluted with a suitable extender has many
applications such as transporting of the gametes to
other hatcheries in order to synchronize artificial
propagation operations and chromosome
manipulations  (Suquet et al. 1999). Therefore, the
establishment of an effective protocol is an important
issue in terms of commercial aquaculture.

From this point of view, the current study was
designed to explore the effect of different extenders
and storage periods on fertility, eyeing and hatching
success of scaly carp eggs following in vitro storage
under culture conditions.

Materials and Methods

Broodstock management and collection of
gametes

Mature male and female scaly carp broodfish
which are suitable for the artificial propagation
(+3 years of age), were selected in their natural
spawning season from large soil ponds and were kept
separately according to their sex in the hatchery. The
broodfish which kept in 500-1 holding tanks
supported with a water flow of 0.2 I/s at 24°C
containing 6-7 mg/l dissolved O,, were fed with
commercial feed (22% crude protein) at 1.5% ratio of
body weight per day. Experiments were performed
with 15 females (42.6+4.5 cm total length, 1.2+0.4 kg
body weight) and three males (46.8+2.4 cm total
length, 1.1+£0.5 kg body weight) during the peak
(May) of the reproductive period.

Females with a large, soft abdomen, red
urogenital papilla, and males appearing sperm with
slight abdominal pressure were assumed to be ready
for the hormone treatment. Commercially available

carp pituitary extract (CPE) was used as spawning
agent. In order to induce spawning, CPE in Ringer
solution was applied intramuscularly to the females
in two portions as the priming and releasing doses
(0.5 and 2.0 mg/kg body weight respectively) with a
14-h interval between doses. Males received a single
dose of CPE (1.0 mg/kg body weight)
intramuscularly at the time of the second dose was
applied to the females (Bozkurt and Yavas 2012).

100 mg/L quinaldine sulfate was applied to the
broodfish for anesthetization and stripped via gentle
abdominal massage. Eggs, Ovarian fluid, and sperm
were collected separately from each female and male
broodfish. Contamination of gametes with urine,
mucus, blood or feces was avoided during the
collection of gametes. The Ovarian fluid separated by
pouring the eggs onto a screen suspended over a plate
was used for storage purposes.

Sperm samples collected from three males into
50-ml glass beakers were checked in term of motility
at the end of each storage period. Samples showing
more than 80% motility, were pooled in a 100-ml
glass beaker. Fresh sperm was placed in a refrigerator
(+4° C) to prevent deformation for a few minutes
until used fertilization of the pooled eggs.

Evaluation of spermatoa motility and density

10 upl drops of sperm were placed on a
microscope slide and 20 pl activation solution
(0.3% NaCl) was added. Sperm suspension was
thoroughly mixed and spermatozoa motility was
evaluated in terms of progressive forward movement
using light microscope (Olympus, Japan) with an
x400 magnification. The motility percentages were
defined as the percentage of spermatozoa moving in
a forward motion every 20% motile increment
(i.e., 0, 20%, 40%, 60%, 80%, and 100%)
(Vuthiphandchai and Zohar 1999).

For the purpose of evaluation of spermatozoa
density, sperm was diluted at a ratio of 1:1000 with
Hayem solution (5g Na,;SQO4, 1g NaCl, 0.5g HgCl,
200 ml bicine) and density was determined using a
100pum deep Thoma haemocytometer (TH-100,
Hecht-Assistent, Sondheim, Germany) at 400x
magnification with phase contrast microscope
(Olympus, Japan) expressing as spz. x10% ml (three
replicates) (Yildiz et al. 2013).

Storage of ovulated eggs

A composition of three artificial mediums
used for the in vitro storage of unfertilized scaly carp
eggs is shown in Table 1. The final pH of
each medium was regulated according to the natural
pH of the coelomic fluid of scaly carp using
1.0 N HCI and 1.0 N NaOH. In order to store eggs,
a batch of 200 pooled eggs was gently placed in
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15-cm diameter petri dishes. The batches of
eggs were washed with their storage mediums to
eliminate coelomic fluid from the eggs. Petri dishes
were filled with 20-ml of artificial mediums and

Table 1. Composition of the artificial mediums

Ovarian fluid and then in vitro stored for durations of
30, 60 and 90 min prior to fertilization inside of
sterile Laminar air flow cabinet at a constant
temperature of 22.5° C.

Avrtificial .

Mediums Composition Reference

Ringer 103 mM NaCl, 1 mM KCI, 1 mM CaCl, 1.1 mM NaHCO3 (Linhart et al. 1991)
Solution

Dettlaff 111.3 mM NaCl, 3.3 mM KCI, 2.1 mM CacClz, 23.8 mM NaHCO3 (Dettlaff et al. 1993)
Solution

Cortland 124 mM NaCl, 5.1 mM KCI, 1.0 mM MgS04.7H20, 1.6 mM CaCl..2H20, 5.6 mM glucose  (Wolf and Quimby
Solution 1969)

Ovarian 741 mM Na*, 0.45 mM K*, 2.58 mM Mg?, 6.38 mM Ca?*, 0.35 mM Zn?* (Linhart et al. 1995)
Fluid

Fertilization, eyeing and hatching of eggs

Following 30, 60 and 90 min storage periods of
unfertilized eggs, extenders and Ovarian fluids were
removed from the petri dishes and 50 pl sperm
showing motility higher than 80% and containing
roughly 2x10° spz. was added on to the eggs for the
fertilization.

Fertilization process was performed in 100 ml
plastic container using activation solution containing
3 gureaand 4 g NaCl in 1 1 distilled water at 24° C
for five minutes through slow homogenization. Then,
eggs were washed with water in order to eliminate
adhesiveness and gently transferred to the labeled
Zuger glass incubators with running water (24°C)
where kept until eyeing(14-16 h) and hatching(3-4 d).

Batches of eggs fertilized at the time of 0
(immediately after ovulation) served as a control
group. Fertilization yield was determined at the
gastrulation stage. The eyeing and hatching rate were
defined as the number of eyed / hatched eggs divided
by the initial number of eggs used for fertilization.
Newly hatched larvaes were removed by siphoning
and counted. Each treatment was performed in
triplicate for each extender and storage period.

Statistical analysis

Differences between treatment groups were
analyzed by repeated analysis of variance (one-way
ANOVA). Significant means were subjected to
a multiple comparison test (Duncan) for post-hoc
comparisons at the level of 0=0.05. Results are
presented as mean+SE and all analyses were carried
out using SPSS 17 for Windows Statistical Software
Package.

Results
Regarding the effect of storage periods on

fertilization of eggs, the highest results were obtained
as 71.33+£9.45%, 82.00+4.00% and 68.00+4.00% in
Dettlaff and Cortland solutions and Ovarian fluid
respectively for 30, 60 and 90 min storage periods
(Figure 1). The overall meaning of the fertilizations
were 64.83+7.74%, 65.5+£11.69%, and 60.67+8.52%
respectively for 30, 60 and 90 min storage periods
that were significantly different (p<0.05) from 0 min
control. Differences between mean fertilization rates
within the same medium group were significant
(p<0.05) except for the Ovarian fluid when duration
was considered.

The highest eyeing rate (72.67+5.03%) was in
eggs stored in Dettlaff solution for 30 min storage
but Cortland solution was the best medium
(74.67 £5.03% and 63.33+7.02%) for 60 and 90 min
storage respectively (Figure 2). The overall meaning
of the eyeings were 68.83+6.52%, 66.00+7.67%, and
58.5£7.29% respectively for 30, 60 and 90 min
storage periods that were significantly different
(p<0.05) from O min control. Differences between
mean eyeing rates within the same medium group
were significant (p<0.05) when duration was
considered.

In spite of obtaining the highest hatching rates
(56.00+4.00% and 47.3345.03%) with the Ovarian
fluid for 30 min and 60 min storage, the Cortland
solution was (43.33+4.16%) the best medium for 90
min storage (Figure 3). The overall meaning of the
hatchings were 47.00+6.74%, 43.33+4.84%, and
38.67+4.84% respectively for 30, 60 and 90 min
storage periods that were significantly different
(p<0.05) from 0 min control. Differences between
mean hatching rates only for the Ovarian fluid group
were significant (p<0.05) when duration was taken
into consideration.
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Figure 1. Fertilization rates of scaly carp eggs in vitro incubated in four different mediums for 0 (control), 30, 60 and 90
min storage prior to fertilization.

100 -
c
a [ I
__ 80 1 a a a ab %ﬁ
S Lbob % b z1b
s —_— — P
@ 60 1 =/ =/ > r i
S =" * * P
- =/t b4 b4 P =30 min
£ 40 1 = b4 M e
9 =/ : : P 2 60 min
= =k * b b
201 =/ : : P Q90 min
= * ¢ b5
— * * * e
0 T — ‘ T ‘ T ‘ T Samche 1
Dettlaff Cortland Ovarian Control
fluid
Extenders

Figure 2. Eyeing rates of scaly carp eggs in vitro incubated in four different mediums for 0 (control), 30, 60 and 90 min
storage prior to fertilization.

100 -
—~ 80 -
8
Q
E 60 - 4 a a @
a
a = .
%0 40 4 é’ f: . 30 min
] =/ 7 60 min
: 20 =// Ei
i = Z 90 min
=73
=
0 -
Ringer Dettlaff Cortland Ovarian Control
fluid
Extenders

Figure 3. Hatching rates of scaly carp eggs in vitro incubated in four different mediums for 0 (control), 30, 60 and 90
min storage prior to fertilization.
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Discussion

In spite of cryopreservation of fish sperm
developed with a satisfactory level, it has been less
successful for the fish eggs due to the difficulty of
removing intercellular water during the cooling
process. Until now, only a few studies explored in
vitro storage of fish eggs.

It is known that mature eggs can be kept for
several days in Ovarian fluid and the storage duration
is related to the holding temperature (Samarin et al.
2017; Ginatullina et al. 2018; Bozkurt and Yavas
2012). For instance, Rothbard et al. (1996) reported
that common carp (Cyprinus carpio) eggs can be
stored for 6 h at a temperature range of 20°C-24.5°C.
Zlabek and Linhart (1987) compared in vitro storage

of common carp (C. carpio), grass carp
(Ctenopharyngodon idella) and silver carp,
(Hypophthalmichthys  molitrix) eggs at two

temperature regimes (3°C-5C° and 14.5°C-18.0°C)
and reported that common carp eggs exhibited better
fertility and survivality of embryos than those of the
Chinese carps.

On the other hand, Takano et al. (1973) reported
that storing of eggs as in vitro in artificial mediums
less effective for similar periods. According to
Takano et al. (1973) chum salmon eggs could be
stored for only one day in physiological saline.
Similarly, Erdahl et al. (1987) indicated the
possibility of short-term (5-10 min) storage of
unfertilized rainbow trout eggs in physiological
saline solution without loss of fertility.

Most researchers have explored the development
of eggs from fertility to eyeing stage (Erdahl et al.
1987; Lahnsteiner and Weismann 1999; Goetz and
Coffman 2000). It is well known that less attention
has been given to the survival of embryos from
eyeing to the hatching stage following storage in
different mediums for longer periods prior to
fertilization. Researches have proven that carp eggs
can be in vitro stored for several hours in Ovarian
fluid outside of the body maintaining its viability and
fertility (Rothbard et al. 1996). On the other hand,
very few studies have explored in vitro preservation
of carp eggs in different artificial mediums.

It is well known that eggs belong to fish species
must be fertilized quickly following ovulation
process otherwise lose their fertility quickly
(Formacion et al. 1995). On the other hand, the
present study demonstrated that scaly carp eggs can
maintain their fertility when stored as in vitro in
artificial mediums such as Ringer, Dettlaff, and
Cortland solutions.

From this point of view, the present study
demonstrated that ionic based solutions and Ovarian
fluid can be used as artificial mediums for the
preservation of scaly carp eggs up to 90 min at

relatively high temperature (22.5°C) under in vitro
conditions. On the other hand, it is obvious that there
is a decrease in terms of fertility, eyeing and
hatchability of the eggs depending on period
especially following 60 min storage in all cases
except for Cortland solution.

The main reason for this increase in fertility at the
end of the 60 min storage of the eggs in the Cortland
solution and Ovarian fluid may be high sperm
motility of fresh sperm cells. Results of the current
study showed that the best fertilization and eyeing
rates at each tested storage period were achieved
when the eggs were treated with the Cortland
solution. Similarly, Goetz and Coffman (2000)
reported that unfertilized trout eggs can be
maintained for at least two days without loss of
fertility in modified Cortland solution buffered with
Hepes or Tris. The present study also showed that
while the eggs stored in Ovarian fluid showing the
highest efficiency in term of hatching, the lowest one
was the Ringer solution in all cases.

It should be known that the overall success of the
conservation is highly depending on the extender
composition, the origin of the broodfish and egg
batch. Additionally, preservation of metabolic
activity and maintaining of the viability of the eggs
may be related to the health of the brood female, time
of owvulation, incubation temperature and also the
quality of hatchery water (Linhart and Billard 1995).
From this point of view, the results of the current
study showed that the survival of eggs in various
treatments strongly depends on handling and
management of spawners, temperature and egg
quality prior to fertilization.

Furthermore, studies have indicated that bacterial
infection might be one of the limiting factors in the
preservation of fish eggs in artificial mediums and
Ovarian fluid (Goetz and Coffman 2000; Niksirat et
al. 2007). Hence, future studies should explore using
of antioxidants and antibiotics to improve in vitro
storage of eggs in scaly carp due to the positive effect
of these substances in other fishes.
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ABSTRACT

ARTICLE INFO

Rotifera assemblages of small floodplain wetlands (dobas or dubies) of lower
and upper regions of the Brahmaputra river basin of Assam state of northeast
India (NEI) reveal 157 species, belonging to 34 genera and 18 families, and
highlight notable speciose constellation of up to 50 species/sample. One species,
each is new to the Oriental region and Assam, and species of global and regional
biogeographic interest form notable fractions. The biodiverse rotifer fauna and
various interesting species are hypothesized to habitat diversity of the sampled
dobas or dubies, impact of ‘the Assam-gateway’- an important biogeographic
corridor of India, and location of the study area in the Indo-Burmese
biodiversity hot-spot. Lecanidae and Lepadellidae are species-rich families, both
of lower and upper Assam wetlands; upper Assam wetlands, in particular, are
characterized by a distinct paucity of the Brachionidae and Brachionus spp., the
relative paucity of Trichocerca, Keratella and Mytilina species, rare occurrence
of Asplanchna and Filinia species, and lack of species of Conochilidae and
Hexarthridae. Our results indicate the littoral-periphytic nature and tropical
character of the rotifers. Overall, this study is an important contribution to
Rotifera biodiversity of small lentic habitats of India, Asia and that of the tropics
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Introduction

Small lentic ecosystems form over 90% of
the standing water resources of our biosphere
and ~ 30% of the global lentic biotopes by surface
area and are thus suggested to be more explicitly
considered in analyses of biodiversity, limnology
and global processes (Céréghino et al. 2014). They
are recognized as hotspots both in terms of species
composition and biological traits (EPCN 2008) and
are often considered as keystone systems for the
conservation of biodiversity (Oertli et al. 2010;
Céréghino et al. 2014; Vad et al. 2017; Oertli 2018).
The management of these biotopes and that of their
metazoan diversity is usually neglected (Céréghino
et al. 2008; Oertli 2018) despite more vulnerability
to severe threats of extinction and habitat
degradation (Moss et al. 2011). The small lentic
biotopes have attracted relatively more attention in
hydro-biological works from India, but the relevant
literature largely depicts paucity of studies on

zooplankton diversity. A critical analysis attributes
this lacuna to the limited sampling, ad-hoc reports
by amateurs loaded with incomplete species lists,
and lack of taxonomic expertise. Nevertheless, our
studies from NEI (Sharma and Sharma 2015a;
Sharma and Kensibo 2017; Sharma et al. 2017)
hypothesized these water bodies to be one of the
biodiverse habitats of the Indian sub-region vis-a-vis
Rotifera - an important group of freshwater
zooplankton, an integral link of aquatic food-webs,
and food for larvae and adult fish (Tuna and
Ustaoglu 2016; Apaydin Yagci et al. 2017).

The state of Assam of NEI, a part of the Indo-
Burmese biodiversity hotspot, is notably known for
the fluvial floodplains of the Brahmaputra river with
characteristic small lentic wetlands (commonly
known as dobas or dubies) forming an integral part
of the rural landscape of the Brahmaputra valley.
Sharma and Sharma (2014) first indicated ecological
diversity importance of small wetlands in context of
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Rotifera of NEI and suggested their detailed
assessment. The present study is thus an endeavor
to analyze and compare species composition
and richness of the rotifer assemblages of small
wetlands of lower and upper reaches of
the Brahmaputra river floodplains of Assam state.
We provide an inventory of the documented
taxa, illustrate interesting species, and comment on
nature and composition of the rotifer fauna with
reference to species richness, new records,
important  taxa, extraordinary high species
consortium and elements of global and regional

floodplains of India, Asia as well as that of the
rotifer heterogeneity of the small lentic ecosystems
of the Indian sub-region.

Material and Methods

The present study is based on analysis of
plankton and semi-plankton samples collected, on
several occasions during 2005-2015, from small
floodplain wetlands (dobas or dubies) from
scattered localities (Figure 1.A-C) of Dhubri,
Goalpara, Kokrajhar, Bongaigaon, Barpeta,
Kamrup, Nalbari and Dispur districts of lower

distribution interest. This study merits biodiversity ~ Assam (24°8"-26°8'N; 89°8'-92°2'E), and from
and biogeographic interest for Rotifera of the  Biswanath, Golaghat, Jorhat, Majuli, Lakhimpur,
Bl
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Figure 1. A-C: A, map of India indicating northeast India (NEI) and the state of Assam; B, map of Assam; C, map
indicating the sampled districts of Lower Assam and Upper Assam [1-Dhubri; 2-Goalpara; 3-Kokrajhar; 4-Bongaigaon;

5-Barpeta; 6-Kamrup; 7-Nalbari; 8-Dispur;
14-Sibsagar;15-Dhemaji;16-Dibrugarh;17-Tinsukia]

9-Biswanath; 10-Golaghat;

11-Jorhat; 12-Majuli; 13-Lakhimpur;
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Sibsagar, Dhemaji, Dibrugarh and Tinsukia
districts ~ of upper Assam  (26°4'-27°8'N;
93°8'-95°6'E). All the collections were made by
towing nylobolt plankton net (# size 50um) and
were preserved in 5% formalin. Individual samples
were screened with a Wild stereoscopic binocular
microscope; the rotifers were isolated and mounted
in polyvinyl alcohol-lactophenol and were observed
with Leica DM 1000 stereoscopic phase contrast
microscope fitted with an image analyzer. Various
rotifer taxa were identified following the works of
Koste (1978), Segers (1995), Sharma (1998),
Sharma and Sharma (1999, 2000, 2008), and
Jersabek and Leitner (2013) except for two
indeterminate species warranting more specimens.
The biogeographic remarks were made by vide
Segers (2007), Sharma and Sharma (2017) and
Jersabek and Leitner (2013). The microphotographs
were provided for interesting species and
measurements were indicated in micrometers (um).
The percentage similarity between the rotifer
communities was calculated vide Serensen’s index
(Serensen 1948). The voucher collections are
submitted to the holdings of Zoological Survey of
India, Kolkata.

Results

The plankton and semi-plankton collections
examined from small wetlands of the Brahmaputra
River floodplains of lower and upper Assam reveal
157 species belonging to 34 genera and 18 families.
A detailed systematic list of the observed taxa is
presented below:

Family

16
17
18
19
20
21
22
23
24
25
26

B. quadridentatus Hermann, 1783
B. rubens Ehrenberg, 1838
Keratella cochlearis (Gosse, 1851)
K. edmondsoni Ahlstrom, 1943 #
K. javana Hauer, 1937 #@

K. lenzi Hauer, 1953

K. tecta (Gosse, 1851)

K. tropica (Apstein, 1907)
Plationus patulus (O.F. Muller, 1786)
Platyias leloupi Gillard, 1967

P. quadricornis (Ehrenberg, 1832)
Euchlanidae

Family

27

28
29
30
31
32

Beauchampiella
1886)
Dipleuchlanis propatula (Gosse, 1886)

Euchlanis dilatata Ehrenberg, 1832

E. incisa Carlin, 1939

E. triquetra Ehrenberg, 1838
Tripleuchlanis plicata (Levander, 1894)
Mytilinidae

eudactylota  (Gosse,

Family

33
34
35
36
37
38

Lophocharis salpina (Ehrenberg, 1834)
Mytilina acanthophora Hauer, 1938

M. bisulcata (Lucks, 1912)

M. brevispina (Ehrenberg, 1830)

M. michelangellii Reid & Turner, 1988
M. ventralis (Ehrenberg, 1830)
Trichotriidae

Family

39
40
41
42

Macrochaetus longipes Myers, 1934
M. sericus (Thorpe, 1893)
Trichotria tetractis (Ehrenberg, 1830)
Wolga spinifera (Western, 1894)
Lepadellidae

Systematic  list of Rotifera
small wetlands of upper and lower Assam

recorded from

Phylum Rotifera
Class Eurotatoria
Subclass Monogononta
Order Ploima
Family Brachionidae

Anuraeopsis fissa Gosse, 1851
Brachionus angularis Gosse, 1851
B. bernini Leissling, 1924

B. bidentatus Anderson, 1889

B. budapestinensis Daday, 1885

B. calyciflorus Pallas, 1766

B. caudatus Barrois & Daday, 1894

0 N O OB WN

1980 #@
9 B. diversicornis (Daday, 1883)

10 B. durgae Dhanapathi, 1974
11 B. falcatus Zacharias, 1898
12 B. forficula Wierzejski, 1891
13  B. kostei Shiel, 1983 #@

14  B. mirabilis Daday, 1897

15 B. nilsoni Ahlstrom, 1940@

B. dichotomus reductus Koste & Shiel,

43
44
45
46

47
48
49
50
51

52
53

54
55
56
57
58
59
60
61
62

63
64

Colurella adriatica Ehrenberg, 1831
C. obtusa (Gosse, 1886)
C. uncinata (O.F. Miiller, 1773)

Lepadella acuminata (Ehrenberg
1834)
L. apsicora Myers, 1934

. apsida Harring, 1916

. benjamini Harring, 1916

. biloba Hauer, 1958

. costatoides Segers, 1992

. dactyliseta (Stenroos, 1898)

. desmeti Segers and Chittapun,
001**#@

L

L

L

L

L

L

2

L. discoidea Segers, 1993 #
L. ehrenbergi (Perty, 1850)

L. heterostyla (Murray, 1913)

L. minuta (Weber & Montet, 1918)
L. ovalis (O. F. Miiller, 1786)

L. patella (O.F. Muller, 1773)

L. quinquecostata (Lucks, 1912)

L. rhomboides (Gosse, 1886)

L. triptera Ehrenberg, 1830

L. vandenbrandei Gillard, 1952 #@

Squatinella lamellaris (O. F. Miiller,
1786)
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Family Lecanidae Family Scaridiidae
65 Lecane aculeata (Jakubski, 1912) 117 igg'g)d'um longicaudum (O.F. Miller,
66 L.aeganea Ha.rrlng, 1914 Family Trichocercidae
67 L. a_rcula Harring, 1914 118 Trichocerca bicristata (Gosse, 1887)
68 L. bifurca (Bryce, 1892) 119  T. bidens (Lucks, 1912) @
69 L. blachei Berzins, 1973 # 120 T. capucina (Wierzejski & Zacharias,
70 L. bulla (Gosse, 1851) 121 '1I'893I)' drica (Imhof, 1891)
- - . cylindrica (Imhof,
71 L. calcaria Harring & I\:Iyers, 1926 #@ 122 T.elongata (Gosse, 1886)
72 L.clara (Bryce, 1892) *# 123 T.flagellata Hauer, 1938
73 L. closterocerca (Schmarda, 1898) 124 T. hollaerti De Smet, 1990#@
74 L. crepida Harring, 1914 125 T. insignis (Herrick, 1886) @
; ; 126 T. longiseta (Schrank, 1802)
75 L. M 1913
cur\./|<.:orn|s (Murray, ) 127 T. maior (Hauer, 1935) #
76 L. decipiens (Murray, 1913) 128 T. pusilla (Jennings, 1903)
77 L. dorysimilis Trinh Dang, Segers & 129  T. rattus (O.F. Miiller, 1776)
Sanoamuang, 2015 #@ 130 T. scipio (Gosse, 1886) @
78 L. doryssa Harring, 1914 131 T. similis (Wierzejski, 1893)
79 L. elegans Harring, 1914 132 T tenU|o(rO(Gosse,”1886) o)
i, 133 T. tigris (O.F. Muller, 17
Zg t I'ex"'s (Gl\jsse' 1818;1)3 134  T.weberi (Jennings, 1903)
- furcata (Murray, 1913) Family . Asplanchnidae
82 L. haliclysta Harring & Myers, 1926 135  Asplanchna brightwelli Gosse, 1850
83 L. hastata (Murray, 1913) 136 A. priodonta Gosse, 1850
84 L. hamata (Stokes, 1896) Family . Synchaetidae
85 L. hornemanni (Ehrenberg, 1834) . 137 Po_lyarthra vulgarls Carlin, 1943
86 L. inermis (Bryce, 1892) Family : D_|cranophor|dae_ _
87 L. inopinata Harring & Myers, 1926 138 ?;gga)mophorus forcipatus (O.F. Miiller,
88 L. Iaterglis Sharma, 1978 # Order Flosculariaceae
89 L. leontina (Turner, 1892) Family - Floscularidae
90 L. ludwigii (Eckstein, 1883) 139 Ptygura sp.
91 L. luna(O.F. Miiller, 1776) 140 Sinantherina socialis (Linne, 1758)
92 L. lunaris (Ehrenberg, 1832) Eamil 141 é Sp'”oﬁ?l _(('jl'horpe, 1893)
amily : onochilidae
93 L. monostyla (Daday, 1897 - - -
94 L nitid I)(/I ( 1);13 ) 142 Conochilus unicornis Rousselet,1892
' n! : a_( urray, ) Family . Hexarthridae
95 L. niwati Segers, Kotethip & 143  Hexarthra mira (Hudson, 1871)
Sanoamuang, 2004 #@ Family . Testudinellidae
96 L. obtusa (Murray, 1913) 144  Pompholyx sulcata Hudson,1885
97 L. papuana (Murray, 1913) 145 Testudinella amphora Hauer, 1938 #@
. - 146 T. brevicaudata Yamamoto, 1951#@
98 L. ploenensis (Voigt, 1902 '
P il (_ g ) 147 T. dendradena de Beauchamp, 1955 #@
9 L pus_l a H_arrlng, 1914 148 T. emarginula (Stenroos, 1898)
100 L. pyriformis (Daday, 1905) 149  T. parva (Ternetz, 1892)
101 L. quadridentata (Ehrenberg, 1830) 150 T. patina (Hermann, 1783)
102 L. rhenana Hauer, 1929@ 15; $ tricée_nt?lta Smirnov, 1931@
103 L. rhytida Harring & Myers, 1926@ . 5 estudinetla sp. @
104 L sianifera (Jenni 1896 Family : _Trochosphaeridae
-signt era_( enr_nngs, ) 153  Filinia camasecla Myers, 1938
105 L. stenroosi (Meissner, 1908) 154  Filinia longiseta (Ehrenberg, 1834)
106 L. stichoclysta Segers, 1993 # @ 155 F. opoliensis (Zacharias, 1898)
107 L. thienemanni (Hauer, 1938) Subclass Bdelloidea
108 L. undulata Hauer, 1938 Order_ Ph_”Od_'n_'da
109 L. unguitata (Fadeev, 1925) # Family Philodinidae
110 L. ungulata (Gosse, 1887) 156 Dissotrocha aculeata (Ehrenberg, 1832)
Family . Notommatidae 157 Rotaria neptunia (Ehrenberg, 1830)
111 Cephalodella forficula Ehrenberg, 1830  * New record from the Oriental region; ** new record from Assam;
112 C.gibba (Ehrenberg, 1830) # species of global biogeopgraphic interest;
113 C. trigona (Rousselet, 1895) # @ @ species restricted to Northeast India.
114 Monommata grandis Tessin, 1890@ . .
115 M, longiseta (O.F. Miiller, 1786) Lecane clara (Bryce) is a new record (Figure
116  Notommata pachyura (Gosse, 1886) 2.A) from the Oriental region (marked as *) and
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Lepadella desmeti Segers and Chittapun (Figure
2.B) is a new record from Assam state (marked
as**). Brachionus dichotomus reductus (Figure
2.C), B. kostei (Figure 2.D), Cephalodella trigona,
Filinia camasecla (Figure 2.E), Keratella
edmondsoni, K. javana, Lecane blachei (Figure
2.F), L. calcaria (Figure 3.A), L. niwati (Figure
3.B), L. dorysimilis (Figure 3.C), L. lateralis,
L. stichoclysta, L. unguitata, Lepadella desmeti,
L. discoidea, L. vandenbrandei, Testudinella
amphora, T. brevicaudata (Figure 3.D),
T. dendradena, Trichocerca hollaerti (Figure 3.E)
and T. maior are species of global bigeographic
interest (marked as #). Testudinella (Figure 3.F) sp.
IS yet an un-determined species awaiting description

pending examination of more specimens.
Our collections indicate 23 species (marked as @)
with their distribution in India known to be
restricted to NEI.

We report 152 and 125 rotifer species from
lower and upper Assam collections, respectively
(Table 1) with consistent importance of Lecanidae
(45 and 42 species), Lepadellidae (21 species each)
and Trichocercidae (16 and 13 species). The
comparison of Rotifera species composition of the
two study areas records lower richness of the
Brachionidae (14 species), Brachionus (6 species)
and paucity of species of Keratella and Mytilina
especially in our collections from upper Assam
wetlands (Table 1).

Figure 2. A-F: Rotifers of biogeographic interest (A, Lecane clara (Bryce) (dorsal view); B, Lepadella desmeti Segers and Chittapun
(ventral view); C, Brachionus dichotomus reductus Koste & Shiel (ventral view); D, Brachionus kostei Shiel (ventral view); E, Filinia camasecla
Myers with parthenogenetic egg (dorsal view); F, Lecane blachei Berzins (dorsal view).
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D E F

Figure 3. A-F: Rotifers of biogeographic interest (A, Lecane calcaria Harring & Myers (ventral view); B, Lecane niwati Segers,
Kotethip & Sanoamuang (ventral view); C, Lecane dorysimilis Trinh Dang, Segers & Sanoamuang (ventral view); D, Testudinella brevicaudata
‘Yamamoto (ventral view); E, Trichocerca hollaerti De Smet (lateral view); F, Testudinella sp. (ventral view)

Table 1. Comparison of Rotifera composition of small wetlands of lower and upper Assam

Taxa This study Lower Assam Upper Assam
Species 157 152 125
Genera 34 34 30
Families 18 18 16
Important families: species (%)
Lecanidae 46 (29.3%) 45 (29.6%) 42 (33.6%)
Brachionidae 26 (16.6%) 26 (17.1%) 14 (11.2%)
Lepadellidae 22 (14.0%) 21 (13.8%) 21 (16.8%)
Trichocercidae 17 (10.9%) 16 (10.5%) 13 (10.4%)
111 (70.8%) 108 (71.0%) 90 (72.0%)
Other notable families: species (%)
Testudinellidae 8 8 7
Euchlanidae 6 6 6
Notommatidae 6 5 5
Mytilinidae 6 6 3
26 (16.6%) 25 (16.4%) 21(16.8%)
Important genera: species (%)
Lecane 46 (29.3%) 45 (29.6%) 42(33.6%)
Lepadella 18 (11.4%) 16 (10.5%) 17 (13.6%)
Trichocerca 17 (10.9%) 16 (10.5%) 13 (10.4%)
Brachionus 16 (10.2%) 16 (10.5%) 06 (4.8%)
97 (61.8%) 93 (61.2%) 78 (62.4%)
Other notable genera: species (%)
Testudinella 7 7 6
Keratella 6 6 4
Mytilina 5 5 3
18 (11.4%) 18 (11.8%) 13 (10.4%)
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Discussion
Our collections from dobas or dubies of the
Brahmaputra river basin reveal 157 species,

belonging to 34 genera and 18 families; the richness
comprises ~65%, ~52% and ~27% of species of
Rotifera known from Assam state, NEI and India
(Sharma and Sharma 2017), respectively and thus
affirms biodiverse nature of the rotifer assemblage.
Besides, 152 and 125 species observed from lower
and upper Assam, respectively depict species-rich
rotifers of the two study areas individually, while
higher ~community similarity (85.2%  vide
Serensen’s index) depicts overall homogeneity in
species composition but with certain differences.

Lecane clara, a new record from the Oriental
region, is diagnosed by its soft lorica and
characteristic elongate toes. This lecanid is yet
known (Segers 2007) from the African, Neotropical.
Nearctic, Pacific, and Palaearctic regions, while our
report extends its distribution to the Oriental region.
Lepadella desmeti, described from Thailand (Segers
and Chittapun 2001), is known elsewhere from
Neotropical and Pacific regions (Segers 2007). The
only earlier record of this species from the Indian
sub-region (Sharma and Sharma 2015b) relates to
Loktak Lake (a Ramsar site), Manipur state; the
present study further extends its distribution within
NEI to Assam state. In addition, Lecane calcaria
and L. stichoclysta deserve mention in view of the
restricted reports from south Assam (Sharma and
Sharma 2019a) and the eastern Himalayas (Sharma
and Sharma 2019b).

Interestingly, Rotifera of dobas or dubies
invariably record species consortia of maximum 30-
35 species/sample while a few small wetlands from
the Majuli River Island and the Dibru-Saikhowa
Biosphere reserve of upper Assam indicate speciose
constellations of up to 50 species/sample. We
categorize these reports as ‘Rotifera paradox’
following analogy to the classical “the paradox of
the plankton™ highlighted by Hutchinson (1961); the
former, in turn, is hypothesized to the intriguing
possibility of the co-existence of a number of
species in "a relatively isotropic or unstructured
environment of small wetlands'.

This study records biodiverse rotifers than the
reports from dobas or dubies of the Majuli River
Island (Sharma 2014), small lentic biotopes of
Mizoram (Sharma and Sharma 2015a) and Nagaland
(Sharma and Kensibo 2017, Sharma et al. 2017),
and the Kashmir Himalayan floodplains (Sharma
and Sharma 2018). The richness is marginally lower
than the reports from small lentic biotopes of the
eastern Himalayas (Sharma and Sharma 2019a) and
the floodplains of Barak valley of south Assam

(Sharma and Sharma 2019b). The comparisons
highlight dobas or dubies of the Brahmaputra
floodplains to be one of the biodiverse rotifer
environs of India; this generalization is
hypothesized to the function of habitat diversity of
the sampled wetlands and sampling intensity vides
Fontaneto et al. (2012). Interestingly, this study
registers higher rotifer richness than certain global
floodplain reports i.e., the Rio Pilcomayo National
Park, Argentina (Jose de Paggi 2001); Oguta and
lyi-Efi lakes of the Niger delta (Segers et al. 1993)
of Africa; Lake Guarana (Bonecker et al. 1994), and
Lago Camaleao (Koste and Robertson 1983) of
Brazil; Thale-Noi Lake, Thailand (Segers and
Pholpunthin 1997); and it compares well with 151
species known from Rio Tapajos (Koste 1974) of
Brazil.

Our collections reveal notable examples of
global and regional biogeographic interest. The
former include 21 species (13.4%) namely (i) the
Australasian Brachionus dichotomus reductus and
B. kostei; (ii) the Oriental endemics Filinia
camasecla, Keratella edmondsoni, L. blachei and
L. niwati; (iii) the paleotropical K. javana, Lecane
lateralis, L. stichoclysta, L. unguitata, Lepadella
discoidea, L.vandenbrandei, Testudinella
brevicaudata and Trichocerca hollaerti; (iv) the
Indo-Chinese Lecane dorysimilis; (v) the Holarctic
Trichocerca maior; and (vi) five other species
namely Cephalodella trigona, Lecane calcaria,
Lepadella desmeti, Testudinella amphora and
T. dendradena. The Australian elements affirm
affinity of the rotifer assemblage with Southeast
Asian and Australian faunas, while other categories
impart affinities with Southeast Asian Rotifera
(Sharma and Sharma 2014, 2017). In addition, 23
species (~15%) are known for their Indian
distribution till date restricted to NEI, while ~12%
species namely Brachionus durgae, Colurella
adriatica, Lecane aeganea, L. doryssa, L. elegans,
L. haliclysta, L. hastata, L. pusilla, L. thienemanni,
Lepadella benjamini, L. dactyliseta, L. discoidea,
L. quinquecostata, Macrochaetus longipes,
Mytilina  michelangellii, Platyias leloupi,
Testudinella parva, Trichocerca flagellata and
Wolga spinifera depict regional distribution interest
vis-a-vis the Indian Rotifera (Sharma and Sharma
2017). We hypothesize overall biodiverse rotifer
assemblage of dobas or dubies of the Brahmaputra
river floodplains and occurrence of sizable fractions
of specie of biogeographic interest to impact of “the
Assam-gateway’- a Vvital biogeographic corridor of
India that facilitated extensive interchanges between
the Indian and Asian biota (Mani 1974), thus
changing the modern biotic composition of the
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India into one of
nature (Ranga Reddy

epigean ecosystems of
‘predominantly Oriental’
2013).

Lecanidae > Brachionidae > Lepadellidae >
Trichocercidae, collectively form large fraction
(~71%) of the rotifer species known vide this study
as well as from lower Assam wetlands. On the other
hand, upper Assam wetlands indicate corresponding
cumulative importance of these Eurotatoria families
(72%) but are characterized by a notable paucity of
Brachionidae (14  species).  Testudinellidae,
Euchlanidae, Notommatidae, and Mytilinidae also
deserve attention for collective contributions of
16.4% and 16.8% from lower and upper Assam
wetlands, respectively. The ‘tropic centered’ Lecane
is most speciose genus both of lower (45 species)
and upper Assam (42 species) rotifers. Lepadella =
Trichocerca = Brachionus are notable in lower
Assam wetlands (31.5%), while Lepadella >
Trichocerca > Brachionus (29.8%) deserve attention
in upper Assam wetlands but with a distinct paucity
of Brachionus spp. (6 species; 4.8%). In general, the
paucity of the brachionid Rotifera of upper Assam
wetlands, concurs with the reports from the
floodplains of the Majuli River Island (Sharma
2014) and our results from the states of Meghalaya
(Sharma and Sharma 1999), Mizoram (Sharma and
Sharma 2015a), Nagaland (Sharma et al. 2017), and
Arunachal Pradesh (Sharma and Sharma 2019a) of
NEI. Further, the collections from upper Assam are
notable for relative paucity of Trichocerca,
Keratella and Mytilina species; rare occurrence of
Asplanchna and Filinia species and lack of species
of Conochilidae and Hexarthridae. The richness of
important Eurotatoria families and genera assigns
the littoral-periphytonic nature to Rotifera of dobas
or dubies of the Brahmaputra floodplains, in
conformity with the reports from the floodplains of
Africa (Segers et al. 1993; Green 2003), Brazil
(Koste 1974; Koste and Robertson 1983), Thailand
(Segers and Pholpunthin 1997), Argentina (Jose De
Paggi 2001) and NEI (Sharma and Sharma 2008,
2014). The high richness of ‘tropic centered’ Lecane
and that of Brachionus in lower Assam wetlands,
large fraction of cosmopolitan species (~67%) and
occurrence of several (~20%) pantropical and
cosmotropical species imparts ‘tropical character’ to
the rotifer assemblages of dobas or dubies following
the reports on the tropical rotifer faunas (Fernando
1980; Segers 2008; Sharma and Sharma 2008, 2014,
2017, 2019a).

To sum up, this study is an important
contribution to Rotifera biodiversity of small lentic
habitats of India, Asia, and tropics and subtropics.
The biodiverse rotifers affirm habitat and

environmental heterogeneity of dobas or dubies of
the Brahmaputra floodplains. "Rotifera paradox
hypothesizes niche diversification enabling co-
existence of several species within an unstructured
environment of small wetlands. The diverse species
composition is attributed to the location the sampled
study areas within the key biodiversity area of the
Indo-Burma Hotspot as well as the historical
influence of ‘the Assam-gateway’ facilitating
incursion of species from Asian and the Oriental
faunas. Such studies need to be extended to other
small lentic wetlands of NEI and elsewhere in India
to explore ecosystem diversity value of small water
bodies vs. biodiversity of Indian Rotifera.
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Asag1 Melet Irmag (Ordu, Tiirkiye)’nda Yasayan Barbus tauricus Kessler, 1877
Otolit Kiitle Asimetrisinin Belirlenmesi
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6z MAKALE BiLGiSi

Kemikli baliklar, otolit kiitle asimetrisinin fizyolojik roliinii degerlendirmede en ARASTIRMA M AKALESI
uygun organizmalardir. Asimetri, baligm vestibular ve isitsel fonksiyonlar

iizerinde siddetli etkilere sebep olan bir faktordiir ancak bu konuyla ilgili smirl Gelis :12.02.2019
sayida ¢aligma bulunmaktadir. Tiirkiye sularindaki tatli su tiirlerinin asimetrileri Diizeltme  :04.04.2019
hakkinda birkag¢ ¢alisma vardir. Bu ¢alismanin amaci, Barbus tauricus Kessler, Kabul . 05.04.2019
1877’un otolit kiitle asimetrisini belirlemektir. Balik 6rnekleri Temmuz 2010- IR
Ekim 2011 tarihleri arasinda serpme aglar kullanilarak asagi Melet Irmagi’ndan Yayim :25.12.2019
yakalanmugtir. B. tauricus bireylerinin sag ve sol otolitleri arasindaki fark,
paired-t testine gore istatistiksel olarak dnemli bulunmustur (P<0,05). Ortalama x
ve |x| degerleri 0,0685+0,0194 ve 0,2377+0,0135 olarak hesaplanmustir. Balik
boyu-x, balik boyu-|x| ve balikk boyu-(Mr-ML) arasindaki iliskiler sirasiyla * SORUMLU YAZAR
y=0,0011x+0,0434; y=0,0066x+0,1457 ve y=0,0000008x+0,00003 olarak tespit
edilmigtir. Otolit kiitle asimetrisi degeri, baliklarin yasadiklar1 ortamla iligkili
olarak agir metaller, pestisit, tarim ilaglar1 gibi kirlilik etkenleri, stres olusturan
faktorler, suyun fiziko-kimyasal 6zelliklerinde meydana gelebilecek degisimler
hakkinda bilgi verebilir. Diger tatli su tiirlerinde yapilan c¢aligmalarla
karsilastirildiginda, ortalama otolit kiitle asimetrisi degerinin daha yiiksek olarak
belirlenmesi, irmagin B. tauricus bireyleri iizerindeki ¢evresel etkisini de ortaya
cikarmigtir.
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Anahtar kelimeler: Otolit, kiitle asimetrisi, Cyprinidae, Barbus tauricus, Asagi
Melet Irmagi.

Determination of Otolith Mass Asymmetry in Barbus tauricus Kessler, 1877 Inhabiting Lower Melet River
(Ordu, Turkey)

Abstract: Teleost fishes are the most suitable organisms to assess the physiological role of otolithic mass asymmetry. The
asymmetry is a factor which caused drastic effects on vestibular and auditory functions of fish. However, there are limited studies
on this subject. There are few studies about the asymmetry of freshwater species in Turkish waters. The aim of this study is to
determine otolith mass asymmetry of Barbus tauricus Kessler, 1877. Fish samples were caught from the Lower Melet River by
using cast nets between July 2010 and October 2011. The difference between right and left otoliths of B. tauricus was statistically
significant according to paired-t test result (P<0.05). The mean values of x and |x| were calculated as 0.0685+0.0194 and
0.2377+0.0135. The relationships between fish length and X, fish length and |x| and fish length and MR-ML determined as
y=0.0011x+0.0434; y=0.0066x+0.1457, and y=0.0000008x+0.00003, respectively. The otolith mass asymmetry value can give
information about pollution factors such as heavy metals, pesticides, stress factors, changes in the physico-chemical properties of
water in relation to the environment in which fish habitat. Compared with other fresh water studies, the higher mean autolithic mass
asymmetry value revealed the environmental impact of the river on B. tauricus individuals.

Keywords: Otolith, mass asymmetry, Cyprinidae, Barbus tauricus, Lower Melet River.
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Giris

Otolitler ii¢ ¢ift halinde, kalsiyum karbonat
yapisinda olan ve kemikli baliklarda i¢ kulakta
bulunan kemiksi yapilardir. Tire 6zgi farkl
morfolojilere sahip olan otolitler, balik boyu,
beslenme, stres gibi farkli ekolojik faktorlerden
etkilenmektedir. Aymi zamanda, balik tiirlerinin
yasam dongiisiinii karakterize eden bircok olay1
calismak amaciyla en c¢ok kullanilan kemiksi
yapilardir (Merigot vd. 2007). Yas ve biiylime,
taksonomi, sekil analizleri, av-avci iligkileri ve otolit
kiitle asimetrisi gibi bir¢ok ¢alisma icin otolitlerden
faydalanilmaktadir.

Otolitler, hem deniz hem de tath su balik tiirleri
icin kolaylikla ulasilabilen kemiksi yapilardir.
Otolitlerin kolayca elde edilebilmeleri, otolit kiitle
asimetrisinin balik iizerindeki fizyolojik roliinii
belirlemede kullanilacak kemikli baliklari, uygun
organizmalar durumuna getirmektedir (Lychakov vd.
2006). Genel olarak, baliklarla yapilan ¢aligmalarda
sagitta ve asteriskus otolitleri incelendiginde, deniz
baliklarinda sagitta otolitlerinin en biiyiik otolit ¢ifti
oldugu ve dolayistyla en biiyiik kiitleye sahip oldugu
goriiliirken, tath suda yasayan Cyprinidae tiirlerinde
asteriskus otolitlerinin kiitlesinin daha biiyiik oldugu
gorlilmektedir (Secor vd. 1992).

Sag ve sol otolit ciftleri arasindaki kiitle
farkindan kaynaklanan otolit kiitle asimetrisi,
baliklardaki  vestibiiler bosluk bozukluklarinin
olusumunda etkili olan 6nemli faktorlerden biri
oldugu belirtilmektedir (Lychakov ve Rebane 2004).
Asimetri, baliklarin isitsel ve vestibiiler fonksiyonlari
tizerinde giiglii degisimlere sebep olmakla birlikte
(Lychakov vd. 2006), baliklarin otolitlerinde kiitle
asimetrisi olusmas1 durumunda, genellikle bireylerin
davraniglarinda 6nemli degisikliklere yol agmaktadir
(Lychakov ve Rebane 2004; Jawad 2013). Bu giine
kadar konuyla ilgili olarak, tatli su ve deniz
baliklarinda az sayida ¢alisma yapilmis ve bu balik
tirlerinde bilgi elde edilmistir (Lychakov vd. 2006;
Jawad vd. 2010; Jawad vd. 2011; Jawad 2013; Jawad
ve Sadighzadeh 2013; Bostanci vd. 2017b; Kontas
vd. 2017; Yedier vd. 2017; Yedier vd. 2018b).

Balik tiirlerinin sagitta ve asteriskus otolitleri,
iilkemizin hem deniz hem de tath su habitatlarinda
yasayan balik tlirlerinde, farkli tekniklerin
kullanildig1 ¢esitli amaglarla yapilan calismalarda
ana materyal olarak kullanilmigtir. Bunlardan bazilar
su sekilde Ozetlenebilir: a) balik boyu-otolit
Olglimleri arasindaki iligkilerin hesaplanmasinda
[Barbus tauricus (Kontas ve Bostanct 2015),
B. grypus (Disikkcan vd. 2015), Alburnus spp.
(Tsagarakis vd. 2015), Garra rufa (Yedier vd. 2016),
Diplodus puntazzo (Bostanct vd. 2016), Atherina
boyeri (Bostanci vd. 2017a), B. grypus (Diisiikcan ve
Calta 2018) ve Capoeta trutta (Disiikcan 2018)];

b) tiir ayriminda Alburnus spp. (Bostanci vd. 2015);
¢) otolit morfolojisinde  (Assis 2003; Tuset vd.
2008); d) stok ve popiilasyon ayriminda Atherina
boyeri (Bostanci ve Yedier 2018; Yedier vd. 2019).
Deniz baliklarindaki otolit asimetrisi ¢alismalarinin
(Lychakov vd. 2006; Jawad vd. 2010; Jawad vd.
2011; Jawad 2013; Jawad ve Sadighzadeh 2013;
Bostanci vd. 2018; Kontas vd. 2018; Yedier vd.
2018a, 2018b) yami sira, tath sularda yapilan
calismalar da vardir (Lychakov vd. 2006; Bostanci
vd. 2017b; Kontag vd. 2017; Yedier vd. 2017).

Balik tiirleri, yasadiklart sucul sistemlerin
cevresinde yer alan tarim alanlarindan gelen pestisit,
tarim ilaglari, evsel, endiistriyel ve kentsel atiklara
bagh agir metal ve diger kirleticilerden etkilenir.
Bunun sonucunda ise, bu etkiyi fizyolojik ve
davranigsal olarak gosterirler. Bu ¢alismanin amact;
maruz kaldiklart dogal ve antropojenik stresin
onceden tayininde de kullanish bir metot olarak
degerlendirilen otolit kiitle asimetrisi (X) ve mutlak
otolit kiitle asimetrisini (]x|), Ordu ili igme su kaynag1
olarak da kullanmilan Melet Irmagi’nda yayilis
gosteren B. tauricus tiiriinde belirlemektir. Ayrica
tiiriin total boyu ile otolit kiitle asimetrisi, mutlak
otolit kiitle asimetrisi ve otolit kiitle farki (Mr-ML)
degerleri arasindaki iliskiler de arastirilmistir.

Materyal ve Metot

Bu arastirmada, Melet Irmagi (Ordu) iizerinde
yer alan Topgam Baraji’nin alt bdlgelerinde kalan
asagl havzasinda yasayan B. tauricus (n=269)
ornekleri Temmuz 2010-Ekim 2011 tarihleri arasinda
serpme aglar kullanilarak balik¢ilar yardimiyla
yakalanmistir (Sekil 1). Yakalanan ornekler, Ordu
Universitesi Fen-Edebiyat Fakiiltesi Hidrobiyoloji
Laboratuvari’na getirilmis ve analizleri yapilana
kadar derin dondurucuda saklanmistir. Balik
bireylerinin total boylar1 £1 mm ve agirliklar1 +0.1 g
hassasiyetle Olgiilmiistir. Diseksiyonlart yapilan
orneklerin, sag ve sol asteriskus otolitleri dikkatli bir
sekilde ¢ikarildiktan sonra temizlenerek analizlere
kadar muhafaza edilmistir. Hesaplamalar kirilmig
parcasi olmayan sag ve sol otolit cgiftlerinde
yapilmistir (Sekil 2).

Sag ve sol otolitlerin agirliklar1 Precisa XB220A
marka hassas terazide =+0,0001 g hassasiyetle
tartilmistir. Baliklarm sag ve sol otolit agirliklart
arasindaki farkin arastirilmasi amaciyla paired-t testi
kullanilmigtir.  Otolit degiskenlerinin tanimlayici
istatistiklerinin belirlenmesi ve paired-t testi icin
MINITAB 17.0 istatistik programi kullanilmistir.

Otolit kiitle asimetrisi (X), sag ve sol otolitlerin
kiitlesi arasindaki farkin ortalama otolit kiitlesine
boliinmesiyle hesaplanir. Otolit kiitle asimetrisi (X)
degerinin hesaplanmasinda;

x=(Mr-M)M*
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formiiliinden yararlanmilmistir. Formiilde, Mr ve M.
degerleri sirasiyla sag ve sol otolitlerin agirliklarini,
M ise tim otolitlerin ortalama agirligini
ifade etmektedir. Mutlak otolit kiitle asimetrisi (|X)
degeri, B. tauricus bireylerinde hesaplanan x
degerlerinin ortalamas1 alinarak hesaplanmistir.
Tiirlin total boyu ve otolit kiitle asimetrisi (X) degeri
arasindaki iligki;
m=ax I+b

=

formiilii kullanilarak hesaplanmigtir. Formiilde, “I”;
baligin total boyu, “a”; otolitin karakteristik biiylime
oran1 katsayist ve “b”; denklemdeki tiir i¢in bir
sabittir. Otolit kiitle asimetrisi degeri (X), balik tiirleri
arasinda teorik olarak -0,2 ve +0,2 degerleri
arasindadir. “0” degeri kiitle asimetrisinin olmadigini
ifade eder (Mr=M.) (Lychakov vd. 2006). Ayrica,
balik boyu ve otolit kiitle farki (Mr-M.) arasindaki
iliski de hesaplanmustir.

Karadeniz
Orgy Melet imagy
jama [==}
=
=
K
TOPCAM
e ST o @ 5
i, 6

e |

Sekil 1. Melet Irmag1’nin genel goriiniisii.

Sekil 2. B. tauricus’un asteriskus otolit ¢iftinin genel gériiniisti
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Bulgular farkinin da istatistiksel olarak o6nemli oldugu
Bu calismada, Melet Irmagi’ndan Orneklenen  (P<0,05) belirlenmistir (Tablo 1).

B. tauricus orneklerinin total boylar1 8,7-23,4 cm, Yapilan  hesaplamalar  sonucunda, Melet

agirhiklarn ise 4,03-122,83 g araliginda degismektedir
(Kontag 2012). Otolit kiitle asimetrisi ¢aligilan ve bir
tatli su baligi olan B. tauricus’un asteriskus otolitleri
0,0001-0,0021 g araliginda degisim gostermektedir.
Sag ve sol otolit agirliklar karsilastirildiginda, sag
otolitlerin sol otolitlerden daha biiyiilk oldugu ve
yapilan paired-t testi sonucunda aralarindaki kiitle

Irmagi’nda yasayan B. tauricus tiirliniin, ortalama
otolit kiitle asimetrisi (X) degeri 0,0685+0,0194 ve
ortalama mutlak otolit kiitle asimetrisi (|X|) degeri
0,2377+0,0135 olarak tespit edilmistir. Sag ve sol
otolitlerin arasindaki kiitle farkinin  ortalama
degeri ise 0,000046+0,000013 olarak hesaplanmistir
(Tablo 1).

Tablo 1. B. tauricus’un otolit degiskenlerinin tanimlayici istatistikleri (n=269)

_Degiskenler Ortalama + SH Minimum - Maksimum P Degeri
Sag Otolit Agirhg (g) 0,000691 + 0,000025 0,0001 - 0,0021 P<0 05
Sol Otolit Agirhig (g) 0,000645 + 0,000024 0,0001 - 0,0020 '

X 0,0685 +0,0194 -0,7487 - 1,7969

| 0,2377 + 0,0135 0,0000 - 1,7969

(Mr-ML) 0,000046 + 0,000013 -0,0005 - 0,0012
Regresyon analizi grafigi incelendiginde, B. 0,0016 -

tauricus tiirii igin total boy ile otolit kiitle asimetrisi 00012 | ¥~ 0-0000008x +0.00003 |

arasinda  bir iliski bulunmadigi belirlenmistir 0.0005 R*=0.00008

(y=0,0011x+0,0434, R>=0,00008) (Sekil 3). Ay ’ - o o

sekilde, balik boyu ile mutlak otolit kiitle asimetrisi | & """ | caBiniegh, o

(Jx|) arasinda da bir iliski olmadigi tespit edilmistir ;' 0 ° 5 10 m._—z's

(y=0,0066x+0,1457, R=0,0053) (Sekil 4). Balik -0,0004 - Sad et ot

boyu ile otolit kiitle farki (Mgr-M_) arasinda belirlenen -0,0008 -

iligkinin  denklemi de y=0,0000008x+0,00003 -0,0012 -

(R?*=0,00008) olarak hesaplanmistir (Sekil 5). -0,0016 - Total Boy (em)

1; v %921(1)}&)8’80434 . Slellc(ll 5. Total boy ile otolit kiitle farki (Mr-M_) arasindaki
X _ 11$K1.

03 S R N Tartisma ve Sonu¢
“ 0 ) < My X Otolit kiitle asimetrisi (X) degeri, genel olarak
0,5 T e e -0,2 ve +0,2 arasindadir (Lychakov vd. 2006).
1 Yaptigimiz g¢alismada, B. tauricus ic¢in bu deger
1,5 -0,7487 ile 11,7969 araliginda hesaplanmistir.
2 Bireysel olarak diistiniildiigiinde, B. tauricus tiirii i¢in
Total Boy (em) hesaplanan otolit kiitle asimetrisi (X) degeri, genel

Sekil 3. Total boy ile otolit kiitle asimetrisi (X) degeri
arasindaki iligki.

2
y = 0,0066x +0,1457
R2=0,0053
1,5
Z o1
- & L L]
* somm L LLN ] L] L]
0!5 CEBEINCER o ¢ ®° L L]
L ——
DD GREReSe e
0 ¢ 0 D ERED ® ¢uk ¢ ¢ L
0 5 10 15 20 25
Total Boy (cm)

Sekil 4. Total boy ile mutlak otolit kiitle asimetrisi (|X|)
degeri arasindaki iligki.

olarak balik tiirleri i¢in beklenen sonuglara benzer
sekilde -0,2 ile +0,2 degerleri arasinda tespit
edilmemistir. Ancak, ortalama otolit kiitle asimetrisi
degeri (x=0,0685) belirtilen aralikta hesaplanmistir.
Diger taraftan, bir¢ok deniz balig1 tiiriinde otolit kiitle
asimetrisi 0,05 degerinden daha diisiik hesaplanmigtir
(Lychakov vd. 2006) ve hesaplanan x degeri de
bliyiime oranina bagh degildir (Jawad ve
Sadighzadeh 2013). Daha once yapilan ¢aligmalarda
hesaplanan ortalama mutlak otolit kiitle asimetrisi
degerleri incelendiginde (Tablo 2), Lychakov vd.
(2006)’nin baz1 tath su tiirlerinde hesapladiklar
mutlak otolit kiitle asimetrisi degerleri Carassius
auratus i¢in 0,03209 + 0,00634; Cyprinus carpio i¢in
0,03615 £ 0,00361 olarak tespit edilmistir. Bostanci
vd. (2017b) ise Melet Irmagi’nda yasayan Capoeta
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banarescui tiirii i¢in ortalama mutlak otolit kiitle
asimetrisi degerini 0,08558 + 0,00322 olarak
belirlemislerdir. Tatli su baliklarinda hesaplanan X
degerinin B. tauricus’ta daha yiiksek oldugu goze
carpmaktadir. Lychakov vd. (2006), baligin
kulagindaki akustik ve vestibular fonksiyonun
kiitle asimetrisinden dolay1 azalabilecegini ve bu
durumun daha 6nceki matematiksel modellemelerle
gosterildigini  bildirmislerdir. Ayni1  zamanda,
balik tiirlerindeki otolit kiitle asimetrisinin nispeten

daha yiiksek degerleri akustik  fonksiyonu
degistirebilmekte ve anormal balik davraniglarina
sebep olabilmektedir (Lychakov ve Rebane 2004,
2005). Ayrica, Lychakov ve Rebane (2005)’nin

calismalarinda belirtildigi gibi, basin her iki
tarafindaki  otolitler arasinda  olusan  Kkiitle
farki  nedeniyle, otolitler ~ aras1  hareket
uyumsuzlugu ve uyusmazliktan dolayr sesin

almmasi ve
bildirilmistir.

dengede zorluk yasanabilecegi

Tablo 2. Deniz ve tatli su habitatlarindaki bazi balik tiirlerinde ortalama mutlak otolit kiitle asimetrisi (|X|) degerleri.

n Lokasyon Ortalama |x| = SH Kaynaklar
Deniz Tiirleri
Merluccius merluccius 27 Akdeniz 0,09326 = 0,0607 Lychakov vd. 2006
Pagellus erythrinus 18 Akdeniz 0,02374 + 0,0063 Lychakov vd. 2006
Sciaenops ocellatus 196 Meksika Korfezi 0,03161 £+ 0,0029 Lychakov vd. 2006
Beryx splendens 32 Umman Denizi 0,0177 £0,0142 Jawad vd. 2010

Rhynchorhamphus georgi 124 Umman Denizi

0,3529 +0,0081 Jawad vd. 2011

Carangoides

caeruleopinnatus 150 Umman Denizi 0,0886 +0,2418 Jawad 2013
Liza klunzingeri 30 Basra Korfezi 0,16667 +0,0142 ‘;%Vilgd ve  Sadighzadeh
Solea solea 50 nggﬁr”“ 0,04301 + 0,0050 Yedier vd. 2018b
Solea solea 50 Mersin Korfezi 0,04558 +0,0079 Yedier vd. 2018b
Tath Su Tiirleri
Carassius auratus 45 Japon i¢ sulari 0,03209 + 0,0063 Lychakov vd. 2006
Cyprinus carpio 103 Japon i¢ sulari 0,03615 +0,0036 Lychakov vd. 2006
Poecilia reticulata 27 Japon i¢ sulari 0,05797 £+ 0,0095 Lychakov vd. 2006
Alburnus chalcoides 25 Curi Irmag 0,1135+0,0577 Kontas vd. 2017
Alburnus mossulensis 130 Munzur Nehri 0,07745+0,0098 Yedier vd. 2017
Capoeta banarescui 236 Melet Irmag1 0,08558 = 10,0032 Bostanci vd. 2017b
Barbus tauricus 269 Melet Irmagi 0,2377 +0,0135 Bu ¢alisma

Bilateral simetrili kemikli baliklarda, otolit kiitle  kirlilik, stres, rekabet gibi faktorlerden farkli

asimetrisi degerinin diisiik seviyede olmasi asteriskus
otoliti i¢in tipiktir (Lychakov vd. 2006). Yaptigimiz
calismada, tathh suda yasayan bilateral simetrili
kemikli bir balik tiirii olan B. tauricus’a ait ortalama
otolit kiitle asimetrisi degerinin 0,0685 oldugu tespit
edilmistir (Tablo 1). Aym akarsuda yasayan
C. banarescui tiiriinde otolit kiitle asimetrisini
degerlendirmek amaciyla yapilan bir diger caligmada
bu deger -0,00803 olarak hesaplanmistir (Bostanci
vd. 2017b). Ayni1 bolgede yasayan farkli iki tiire ait
ortalama  otolit  kiitle  asimetrisi ~ degerleri
incelendiginde, X degerinin B. tauricus’da
C. banarescui tirtinden daha yiiksek oldugu
goriilmektedir. Bu sonuglar, otolit kiitle asimetrisi
degerinin asteriskus otoliti i¢in diisiik degerlerde
oldugunu ve tiirler arasinda degisiklik gosterdigini
belirtmektedir. Bunun sebebi, farkl tiirlerin ¢evresel

sekillerde etkilenmesidir. Ayn1 zamanda, -0,2 ile
+0,2 degerleri arasinda olmasi beklenen ortalama X
degerinin, B. tauricus tiirinde de sinir degerler
arasinda oldugu ve yapilan diger ¢aligmalarla
uygunluk gosterdigi gorilmektedir.

Onceki caligsmalarin sonuglari
degerlendirildiginde, otolit kiitle asimetri ve mutlak
otolit kiitle asimetrisi degerlerinin, baliklarin

biiyiimesi sirasinda degisiklik gosterdigi sonucuna
varilmistir (Lychakov ve Rebane 2004, 2005). Melet
Irmagi’nda yaptigimiz ¢aligmanin sonuglari da bu
durumla uygunluk gostermektedir. Yaptigimiz bu
calismada da B. tauricus igin hem otolit kiitle
asimetrisi hem de mutlak otolit kiitle asimetrisinin
total boyla iliskili olmadig1 tespit edilmistir. Bununla
beraber, baligin total boyu ile otolitler arasindaki
kiitle farka iliskisi, total boy ile otolit kiitle asimetrisi
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arasindaki iliskiden daha kompleks bir yapiya sahip
oldugu ifade edilmis ve otolit kiitle farkinin (Mr-M.),
deniz  baliklarinda  baligin  boyuyla arttif
bildirilmistir (Lychakov vd. 2006). Tatli su balig
olan B. tauricus’ta sag-sol otolitler arasindaki agirlik
farki ile total boy arasinda anlamli bir iliski olmadig:
belirlenmistir. Aragtirmanin sonuglarina gore, balik
boyu ve otolit kiitle farki arasinda da bir iliski
olmadigi, tiiriin otolit kiitle farkinin total boya bagh
olarak artmadigi belirlenmistir.

Baliklarda otolit kiitle asimetrisi, bireysel olarak
baliklarin biiylimesi esnasinda degisebilir. Melet
Irmagi’nda yasayan B. tauricus tiiriiniin bireysel
anlamda otolit kiitle asimetrisi degerleri -0,7487 ile
1,7969 degerleri arasinda hesaplamistir. Bu da boy
araligt 8,7-23,4 cm arasinda degisen bireylerin
olusturdugu bir orneklemede, bireysel otolit kiitle
asimetrisinin  degisiklik  gosterdigini  agikga
belirtmektedir. Bununla birlikte, ¢ogu balik tiiriinde
gbzlemlenen, sag ve sol otolitler arasindaki nispi
kiitle farkinin % 10 - 20 araliginda oldugudur.
Yapilan bir ¢alismada, deniz baliklarinda sag ve sol
otolitler arasindaki nispi kiitle farklarinin ¢ok biiyiik
veya ¢ok kiigiik oldugu belirli balik tiirlerine
rastlanmadig1 bildirilmistir (Lychakov ve Rebane
2004). Tath su tirleri olan Carassius aurata ve
Cyprinus carpio’da (Lychakov vd. 2006) asteriskus
otolit ¢iftleri arasindaki ortalama fark ise sirasiyla
0,03035 ve 0,03491 olarak bulunmustur. B. tauricus
icin bu deger 0,000046 olarak hesaplanmistir ve
oldukea kiiciik bir deger olarak gdze carpmaktadir.
Bu farkliligin farkli tatli su habitatlarindaki fiziko-
kimyasal yapilarinin birbirinden farkli olusundan,
caligilan tiirlerin genetik farkliliklarindan ve bu

habitatlarda yasayan tirlerin farkli ekolojik
nislere sahip olmalarindan kaynakli oldugu
diistiniilmektedir.

Orta ve Dogu Karadeniz boliimleri arasinda
dogal bir sinir olusturan ve cografik dneme sahip olan
Melet Irmagi’nda yapilmis bir calismada (Kontas
2018), irmagin dogal jeolojik konumunun, maden
yataklarinca zengin bir bdlgede olusundan ve findik
tariminin yapildigi arazilerde kullanilan
pestisitlerden, agir metaller ve diger kirleticilerden
dolay1 tehdit altinda oldugu bildirilmistir. Bu
bolgeden oOrneklenen B. tauricus tiiriine ait balik
bireylerinde belirlenen ortalama mutlak otolit kiitle
asimetrisi degeri (0,2377) bu etkiyi gostermektedir.
Otolit kiitle asimetrisi degerinin bilinmesi hem
caligilan bu tiir icin hem de diger balik tiirleri igin
maruz kaldiklart dogal ve antropojenik stresin
onceden tayininde de kullamishi bir metot olarak
goriilmektedir.

Ayn1 zamanda farkl tiirlerin her biri i¢in de bu
iligkilerin arastirilmasi, yasadiklar1 ortamla iligkili
olarak agir metaller, pestisit, tarim ilaglarn gibi

kirlilik etkenlerinin, stres olusturan faktorlerin, suyun
fiziko-kimyasal ozelliklerinde meydana gelebilecek
degisimlerin Onceden tespit edilmesinde kolayca
faydalanilabilecek bir metot olarak goriilmektedir.
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In this study, different populations of a copepod species, Mesocyclops leuckarti,
were compared with their body size. Samples were taken from Asi River,
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Mesocyclops leuckarti (Claus, 1857) nin Morfolojik Cesitliligi

Oz: Bu calismada, bir kopepod tiirii olan Mesocyclops leuckarti nin viicut biiyiikliigii farkli popiilasyonlari arasinda karsilastirilda.
Ornekler Tiirkiye nin Giiney Dogusunda yer alan Asi Nehri, Mehmetli Baraj Gélii, Yenisehir Gélii ve Tahta Képrii Baraj Golii'nden
alindi. Popiilasyonlari i¢in genel eseysel dimorfizim 1,56 ile 1,62 arasinda degisti. Lokasyonlara gore, popiilasyonlar i¢i viicut
biiyiikliigindeki degisim % 3,85 ile % 5,05 arasinda degismistir. Her bir su kiitlesinde erkeklerin popiilasyonlar i¢i degisimleri
digilere gore daha fazla idi. Ayn1 model erkek popiilasyonlar1 (% 8,46) arasinda ve disi popiilasyonlar1 (% 8,04) arasinda da
gozlemlenmistir. Diskriminant analizi (DFA) ve SIMPER (Benzerlik Yiizdesi) yontemleri, Cephalozom Uzunluk (CL) 6l¢iimiiniin,
erkek popiilasyonlari arasinda % 23,97 ile ayrigmaya yol agan en belirgin 6l¢iim oldugunu ortaya koydu. Abdomen (ABD) 6l¢iimii
disi popiilasyonlar i¢inde % 30,86 ile en fazla ayrismaya yol agan 6l¢iim idi. MANOVA' ya gore, disi popiilasyonlari arasinda viicut
biiytikliigiindeki farklilagsma, erkek popiilasyonlarin aksine (p>0,05) ¢cok anlamliydi (p <0,001). Minimal Yayilma Agaci (MST)
analizi, viicut biiyikliigii farklilasmasi agisindan 6zellikle kopepod' larmn disileri i¢in, golet ve gol sistemlerinde yagayan bireylerin
nehir sistemlerinde yasayan bireylere gore birbirlerine daha yakin oldugunu gdstermistir.

Anahtar kelimeler: Copepoda, Mesocyclops leuckarti, viicut biiytikliigi, degiskenlik, eseysel dimorfizim
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Introduction dynamics of species, including on body size, may

Animal species distributed over wide geographic
areas are usually split into subspecies. According to
current theory, geographic variation and isolation are
important factors in the process of speciation
(Elgmork and Halvorsen 1998). Therefore, expecting
the influence of geographic isolation on any

reasonable. There is growing recognition that both
inter-specific and intra-specific variations can have
significant effects on population, community, and
ecosystem dynamics. Morphological differences are
likely a key component of this ecologically important
variation (Hausch et al. 2013). As a fundamental
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morphological parameter, body size largely
determines species' functional and environmental
characteristics, growth, life duration, population
density, and species' place in food webs (Anufriieva
and Shadrin 2014).

The Cyclopoida is the most species—rich group
among copepod lineages and comprises, the largest
group within the subclass Copepoda. Members of the
copepods are important components of pelagic
ecosystems. Several cyclopoid copepod species
among the genus Mesocyclops have invaded
different places of the world, each showing distinct
distributional patterns (Reid and Saunders 1986; Reid
and Pinto-Coelho 1994; Hribar and Reid 2008;
Suarez-Morales et al. 2011).

Morphometric variability of some copepod
species was studied in different water bodies in the
world (Hausch et al. 2013; Anufriieva and Shadrin
2014; Anufriieva and Shadrin 2015) and the size of
copepods is affected by a number of environmental
factors and varies widely (Anufriieva and Shadrin
2015). However, little effort has been made, for
copepods or any other taxonomic groups, to quantify
morphological variation among populations relative
to that among species. It was expressed as
unexpected that both inter-specific and intra-specific
diversity has important effects on species coexistence
and ecosystem dynamics. While intra-specific
diversity is maintained both within and between
populations, comparisons of inter to intra-specific
diversity appear to have focused exclusively on
comparing diversity between species to that within
local populations (Hausch et al. 2013).

The aim of our study, is to determine both inter-
population and intra-population diversity on body
size, as an indicator of morphological differentiation,
of M. leucarti from the different water bodies,
locating in the Southeast Region of Turkey. We
analyzed both variability by partition the
morphological variation into components by sexes
and populations.

Materials and Methods

Sampling

Zooplankton samples were taken from four
different localities in Turkey. M. leuckarti were
collected from Tahta K&prii Dam Lake (36°5222.19"
K, 36°4120.31" D, for 12 months), Mehmetli Dam
Lake (37°3031.79' K, 36°0109.37 D, on the 7th of
October 2009, 16th of July 2010, and 13th of April
2010), Yenisehir Lake (36°1412.17" K, 36°3408.38"
D, forl2 months in 2003 and 2004) and Asi River
(36°1300.54" K, 36°09 44.42" D, for 12 months in
2005 and 2006) with horizontal and vertical draws by
using 60 wm mesh size plankton net. Samples were
replaced into a glass jar and fixed with 4%

formaldehyde. Then, the selected adult M. leuckarti
specimens were put in ethanol due to health concerns
of formaldehyde. The copepod specimen
examination, counting, and measurements were done
by using an Olympus CH40 microscope and a
micrometric ocular. The taxonomic literature were
used to identify the zooplankton specimen
(Scourfield and Harding 1966); Dussart 1969; Kiefer
and Fryer 1978). Temperature (°C) and dissolved
oxygen concentration (DO, mgL™) were measured in
the field with a thermometer and a YSI 52 model
oxygen meter, respectively.

Morphological measurement

Copepod body length was measured under the
binocular microscope to the nearest 0.01 mm at a
magnification of 10x and 40x. It was taken from the
tip of the prosome to the end of the caudal rami,
including the extremely long furcal setae. Some
individuals were slightly bent due to fixation.
Therefore, each specimen was placed laterally
between 2 movable cover slips in a small droplet of
lactophenol, which softened the exoskeleton
(Bottger-Schnack 1989). By carefully moving the
cover slips together, the specimens were
straightened, and their total length could be
measured. On the other hand, the width and length of
each thorax segment were measured at its widest
point.

Table 1. Measured distances (measurements) on the body
with their corresponding abbreviations.

Measured Distance (measurement)

Abbreviation

Cephalozom Length CL

Cephalozom-Cross cC

Cephalozom- Width Cw
Thorax-1- Width TW1
Thorax-1- Length TL1
Thorax-2- Width TW2
Thorax-2- Length TL2
Thorax-3- Width TW3
Thorax-3- Length TL3
Thorax-4- Width TWA4
Thorax-4- Length TL4
Abdomen ABD
Furca- Width FW
Furca- Length FL

Total Length TL

Table 2. The codes of populations with their number of
samples (n)

Populations Codes N
Asi Female ASI-FM 19
Asi Male ASI-ML 10
Tahta Koprii Female TAHTA-FM 20
Tahta Koprii Male TAHTA-ML 10
Mehmetli Female MEH-FM 20
Mehmetli Male MEH-ML 10
Yenisehir Female YENI-FM 20
Yenisehir Male YENI-ML 10
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Figure 1. Measurement applications on the body of
copepod

Data Analysis

In this study, two species have been studied in
four water systems, so 8 populations have been
formed. Before starting the main data analysis, every
measurement was checked for outliers and missing
values by simply plotting the data as xy pairs.

Inter and intra-population diversity were assessed
in terms of coefficient of variation (CV, %),
discriminate function analysis (DFA), SIMPER
(Similarity Percentage), MANOVA (Multivariate
Analysis of Variance) and, the Minimal Spanning
Tree (MST) analysis.

Variability in each measured distances or
measurements was qualified by the coefficient of
variation (CV, %). Then, to find an overall variability
value for any population, mean CV value calculated
as fallowing;

2 CV;

CVoverau =

Where, CVi: is the CV value of the i'th
measurement and n: is the number of measurements.

The best model for the standardization of the
morphometric data was the regression of Elliott et al.
(1995). This model removes the size component from
the shape measurements (allometry). Due to sexual
dimorphism, standardization was applied for both
sexes separately. The model is defined by the
following equation:

Vs = M [Ls]b
s=Mo Lo

Where, Ms = standardized measurement,
Mo = measured character length (mm), Ls = overall
(arithmetic) mean standard length (mm) for all
individuals from all populations of each sex,
Lo = standard length (mm) of specimen, and “b” was
estimated for each character from the observed data
using the non-linear equation,

M=alP

The standardized morphometric values of the
populations were analyzed within each sex and
among sexes and compared by means of discriminate
function analysis (DFA). This multivariate analysis
allowed us to determine which combinations of
variables (distances) discriminated best among
populations and detected which populations were the
most different (Ruiz-Campos et al. 2003).

Along with the DFA, SIMPER (Similarity
Percentage) was wused for assessing which
measurements are primarily responsible for an
observed difference between groups of samples or
populations (Clarke 1993).

MANOVA (Multivariate Analysis of Variance)
was used to test the overall differences among the
populations without separating sexes.

Generally, the level of sexual dimorphism is
evaluated by the ratio of female to male length
(Anufriieva and Shadrin 2014). In this study, as in
case for CV, an overall sexual dimorphism value
for each population have been calculated. To
compare the rates of sexual dimorphism among the
water systems one-way PERMANOVA analysis was
used.

The Minimal Spanning Tree (MST) analysis finds
the shortest possible set of lines connecting all points
(Dussert et al. 1987). Therefore, it was used to detect
link or links among the populations. All calculations
and statistical analysis were conducted using MS
Excel and PAST software (Paleontological statistics,
Version 3.20) (Hammer et al. 2001).
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Results
Some properties of studied locations
Temperature range mean dissolved oxygen level,
fish presence, kind of environment, altitude, surface
area, and the maximum depth of the studied areas
were given into MTS analysis graph (Figure 4).

Inter and
(diversity)

Some descriptive statistics of measured distances
on the body of M. leuckarti specimen from the 8
populations were given in Table 3 and Table 4. Based
on the these values, the overall variability within
(intra-population diversity) ASI-ML(Asi-male), ASI-
FM (Asi-female), MEH-ML (Mehmetli-male), MEH-
FM (Mehmetli-female), TAHTA-ML (Tahta Koprii-
male), TAHTA-FM (Tahta Koprii-female), YENI-ML

Intra-population  variability

(Yenisehir-male) and YENI-FM (Yenisehir-female)
populations were calculated as 4.16 %, 3.85 %, 5.08
%, 4.34 %, 4.56 %, 3.65 %, 5.14 % and 4.70 %,
respectively. Considering sexes, intra-population
variability was bigger in male than that of
female populations in each water body. Also,
inter-population diversity among male populations
was (8.46 %) bigger than inter-population variability
(diversity) among female populations (8.04 %). In
inter-population diversity among male populations,
the Furca Width-FW (12.44 %), Abdomen-ABD
(11.98 %) and Thorax4 Width-TL4 (10.05 %)
measurements were having three the biggest
coefficient of variation (CV), whereas for female
populations they were Thorax Width-TL4 (11.66 %),
Thorax2 Length-TL2 (10.36 %) and Thorax3
Length-TL3 (9.40 %) (Table 3 and Table 4).

Table 3. Some descriptive statistics of measured distances on the body of M. leuckarti specimen and Sexual Dimorphism

rate by populations and locations.

ASI-ML ASI-FM MEH-ML MEH-FM TAHTA-ML TAHTA-FM  YENI-ML  YENI-FM

n:10 n:19 n:10 n:20 n:10 n:20 n:10 n:20

Mean 57.50 87.89 57.75 90.95 50.30 83.10 53.30 82.45

TL Sd 1.18 3.86 1.96 1.73 1.16 2.40 1.95 2.39

Mean 38.40 61.08 41.40 63.75 37.40 60.08 35.45 56.05

CL Sd 1.07 2.32 117 1.37 0.74 2.07 1.38 1.96

Mean 41.50 66.79 43.20 66.65 38.40 61.85 37.90 59.00

cC Sd 0.71 1.99 1.62 1.53 0.66 1.46 0.74 181

Mean 32.10 59.47 33.15 57.95 28.60 52.40 28.60 49.28

CwW Sd 0.74 1.98 181 1.00 0.70 1.50 1.35 1.27

Mean 30.60 54.05 30.45 52.20 26.55 47.08 27.10 45.28

TW1 Sd 0.84 2.09 0.50 1.40 0.60 1.26 1.10 1.59

Mean 11.30 18.24 10.35 17.28 9.60 16.13 10.00 14.73

TL1 Sd 0.59 0.73 0.75 0.82 0.61 0.76 0.00 1.06

Mean 25.55 43.97 25.05 41.55 21.85 38.08 22.40 35.50

TW2 Sd 0.60 1.01 1.38 0.99 0.75 0.83 1.35 1.39

Mean 10.55 16.11 8.80 15.28 9.60 14.23 9.25 12.70

TL2 Sd 0.37 0.83 0.79 0.97 0.84 0.77 0.42 0.70

Mean 20.80 35.05 20.00 31.85 17.65 29.95 18.00 28.85

TW3 Sd 0.42 0.83 1.05 0.88 0.63 0.72 0.82 1.17

Mean 8.20 12.95 7.90 11.45 8.10 11.55 6.90 10.78

TL3 Sd 0.63 0.96 0.74 0.89 0.74 0.51 0.52 0.70

Mean 12.95 21.95 12.20 19.93 11.40 18.83 11.65 18.25

TW4 Sd 0.37 0.60 0.42 0.73 0.39 0.61 0.47 0.70

Mean 4.90 6.84 5.05 5.90 4.60 5.80 4.55 6.08

TL4 Sd 0.57 0.55 0.44 0.72 0.39 0.52 0.37 0.59

Mean 35.20 58.50 38.85 48.80 29.15 48.98 31.85 50.58

ABD Sd 1.62 2.74 1.62 1.68 1.78 2.54 1.94 2.74

Mean 2.95 4.00 3.00 4.30 2.55 4.00 2.30 3.90

FW Sd 0.16 0.00 0.00 0.30 0.16 0.00 0.26 0.21

Mean 8.35 13.76 7.30 11.55 7.05 12.00 7.45 11.68

FL Sd 0.47 0.39 0.48 0.48 0.16 0.49 0.50 0.44
Sexual Dimorphism 161 1.62 1.56
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Table 4. Variation Coefficients (CV, %) of measurements by locations and sexes.

ASI-ML  ASI-FM  MEH-ML MEH-FM TAHTA-ML TAHTA-FM YENI-ML YENIi-FM FM-CV ML-CV

TL 2.05 4.39 3.40 1.90 231 2.89 3.65 2.90 5.13 6.40
CL 2.80 3.80 2.84 2.15 197 3.44 3.90 3.50 5.63 6.36
ccC 1.70 2.98 3.75 2.30 171 2.36 1.95 3.06 5.86 6.02
CwW 2.30 3.33 5.46 1.72 244 2.86 4,72 2.58 8.02 7.81
TW1 2.76 3.87 1.63 2.68 2.25 2.68 4.06 3.50 7.93 7.09
TL1 5.19 4.02 7.22 474 6.40 471 0.00 7.18 9.40 8.12
TW2 2.34 2.29 5.52 2.37 3.42 2.18 6.03 3.90 8.59 8.14
TL2 3.50 5.13 8.96 6.33 8.78 5.41 4,59 5.48 10.36 9.40
TW3 2.03 2.37 5.27 2.75 3.55 242 454 4.06 8.01 8.00
TL3 7.71 7.38 9.34 7.75 9.11 4.42 7.48 6.47 9.40 10.60
TW4 2.85 2.73 3.46 3.67 3.46 3.26 4.07 3.82 7.86 6.00
TL4 11.58 8.10 8.67 12.17 8.57 9.02 8.11 9.73 11.66 10.05
ABD 4.60 4.69 4,16 3.45 6.11 5.19 6.10 5.42 8.98 11.98
FW 5.36 0.00 0.00 6.96 6.20 0.00 11.23 5.26 5.79 12.44
FL 5.68 2.81 6.62 4.19 2.24 4.06 6.67 3.75 8.09 8.55
Overall CV 416 3.85 5.08 4.34 4.56 3.65 5.14 4,70 8.04 8.46
6.0
4,54
3.0
i-ML
1.5
™~ SI-ML
=
<< T T
HTA-
-20 EH-ML -5 15 20
-1.57
3.0
-4.54
=
Axis 1

Figure 2. DFA results for M. leucarti populations.

Based on the DFA analysis, two main groups, one
was located on the left X-axe (male) and other was
located on right X-axe (female) of DFA graph, were
clearly observed. In DFA the first two functions
(axes) were accounted for 98.49 % variance
(Figure 2).

The number of the re-assigned specimen based on
Jackknife estimation procedure (group assignment)
were shown into a confusion matrix (Table 5). In that
matrix, specimens were reorganized by leave one out
cross validation. For example, 14 out of 20 specimens
belong to MEH-FM were remained or re-assigned
(RS) by Jackknife estimation procedure again into the
MEH-FM populations. So, the ratio of RS (n: 14) to
sampled number (T, n: 20) for MEH-FM was 70 %
(14*100/20). By the same approach, the ratio of RS

to T for the populations were (%); ASI-FM: 100,
MEH-FM: 70, TAHTA-FM: 70, YENI-FM: 85, ASI-
ML: 90, MEH-ML: 80, TAHTA-ML: 40, YENI-ML:
60.

MANOVA analysis showed that there are no
significant differences (p>0.01) among the male
populations; whereas, there is statistical significance
(p<0.01) among the female populations with
changing p-values (Table 6). In accordance with the
DFA and the Jackknife procedure the ASI-FM was
found as the most different populations among others
(Figure 2, Table 5).

The contribution of measurements to
discriminate for all populations, among female
populations and among male populations were given
in Figure 3. Based on SIMPER analysis the most
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distinctive measurements contribute the diversity for
all populations were CW (19.32 %), CC (17.92 %),
CL (16.13 %); for female populations; ABD (31.95

%), CW (12.25 %), TW1 (12.10 %), CC (9.87 %) and
for male populations; CL- (23.97 %), ABD (17.75 %),
CC (14.45 %), CW (11.61 %) and so on (Figure 3).

Table 5. The confusion matrix for M. leucarti populations based on the Jackknife estimation procedure.

Populations ASI- ME- TAHTA- YENI- ASl- MEH- TAHTA- YENI- Total
FM FM FM FM ML ML ML ML (T)
ASI-FM 19 19
MEH-FM 14 6 20
TAHTA-FM 3 14 3 20
YENI-FM 1 2 17 20
ASI-ML 9 1 10
MEH-ML 8 2 10
TAHTA-ML 3 3 4 10
YENI-ML 2 2 6 10
Remained 19 14 14 17 9 8 4 6 119
specimen (n)-RS*
Re-assignment (n) 19 18 22 20 14 11 9 6 119
Ratio of RS to T** 100 70 70 85 90 80 40 60

(%)

* RS refers to number of specimens that remained after DFA and then Jackknifed assignment for each population. For
example, 14 out of 20 specimens belong to MEH-FM were remained or re- assigned by Jackknife estimation procedure
again into the MEH-FM population.
**Ratio of RS to T refers to ratio of RS to the number of total specimen (T) before DFA and Jackknife procedure for every

populations.

Table 6. MANOVA analysis for all populations

Populations with P values*

ASI-FM  MEH-FM TAHTA-FM YENI-FM ASI-ML MEH-ML TAHTA-ML ﬁm'
ASI-FM 0.000 0.000 0.000 0.000  0.000 0.000 0.000
MEH-FM 000 0.001 0.000 0.000 0.000 0.000 0.000
TAHTA-FM 0000  0.001 0.000 0.000  0.000 0.000 0.000
YENI-FM (000 0.000 0.000 0.000  0.000 0.000 0.000
ASI-ML 0.000  0.000 0.000 0.000 0.193 0.715 0.443
MEH-ML 0000  0.000 0.000 0.000 0.193 0.844 0.263
TAHTA-ML 0000  0.000 0.000 0.000 0715  0.844 0.428
YENI-ML (000 0.000 0.000 0.000 0.443 0.263 0.428

* p<0.05 indicates a significant difference, p>0.05 indicates non-significant difference among the populations.
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Figure 3. The contribution of measurements to discriminate for all populations, among female populations, and among

male populations.
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Figure 4. MST analysis graph with some properties of studied locations.

The Minimal Spanning Tree (MST) analysis for
females showed that in general ASI-FM population
links with YENI-FM, MEH-FM links with TAHTA-
FM populations, YENI-FM links with MEH-FM and
TAHTA-FM (Figure 4). To understand the factors
effecting on the diversity of body size the MST graph
was combined with some properties of four water
systems. Since there were no statistical differences
among the male populations, the MST analysis was
not conducted for male populations.

Sexual dimorphism in body size

In all water systems, male copepods were smaller
than females in overall size. The mean rate of sexual
dimorphism for the populations of ASI, MEH,
TAHTA, and YENI were 1.61, 1.55, 1.62 and 1.56,
respectively (Table 3), and there was no significant
difference among them (One-way PERMANOVA:
F=1.03, p=0.3932).

Discussion

There were both intra-specific and inter-specific
variations in the measured distances of the different
populations for each sex of M. leuckarti. At intra-
population level, these measurements were also
having different variable patterns for all populations.
But, the overall variations in all male populations
were bigger than that of the female populations for
each water systems (Table 4). Interestingly, the three
consecutive measurements namely TL4, ABD, and
FW had the highest CV values among male
populations, and other three consecutive
measurements having the highest CV values among
male populations were TL2, TL3, and TL4.

It was found that there is inconstant variability on
body size in all populations. In addition, DFA
analysis (Figure 2) shows explicitly two different
groups, namely female and male populations, most
probably due to sexual dimorphism, which is
discussed later in detail, observed in copepod species.

The inter-population variability was assessed
with DFA, MANOVA and MST analyses. From those
analyses, there is a phenomena which there was no
significant differences among the male populations in
terms of morphological diversification. Although
DFA and Jackknife estimation procedures showed
that there was specimen assignment tendency with
changing numbers among the female populations,
except ASI-FM, all female populations were
statistically different from each other. In all analyses,
it was clearly seen that ASI-FM population was very
different from other female populations as well
(p<0.0000).

In that study, the question has been emerged that
why only significance differences were observed
among female populations In order to evaluate the
morphological difference between populations, some
properties of water systems were examined. These
properties were temperature range and mean

dissolved oxygen, fish presence, kind of
environment, altitude, surface area and maximum
depth (Figure 4).

Anufriieva and Shadrin (2014), explained the
constant linear dimensions and the level of their
variation in A. salinus populations as to a certain
extent they depended on temperature, salinity, and
density of population. Their results lead to the
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general conclusion that the impacts of factors on
linear morphological characteristics and their
variability can manifest itself in different ways at
intra-population and inter-population levels. They
also stated that in copepods, variability can increase
when animals are near limit values of factors, such as
temperature, salinity or increased population density,
but, inter-population differences of A. salinus cannot
be explained by only studied factors, and it is
assumed that there are some overlooked factors as
well as differences in the genetic architecture of
populations.

Fifty-two  freshwater planktonic  copepod
populations, Cyclops scutifer G.O. Sars, from Eurasia
and North America, were studied to detect variations
in morphology by means of morphometric analysis.
It was revealed that many morphological relations
were correlated with environmental factors such as
depth, temperature, and trophic condition. Therefore,
it was suggested that variations in body proportions
were related to environmental factors rather than
geographic distance (Elgmork and Halvorsen 1998).

Hausch et al. (2013), stressed that a wide variety
of environmental gradients, including nutrient levels,
temperature conditions, and predation pressure are
likely to influence on the relationships between
copepod body size and lake size and location. They
also expressed that from studies of copepod body size
along altitudinal and latitudinal gradient it is apparent
that copepods are generally smaller at higher
temperatures.

It was found that zooplankton body size
decreases with temperature, increasing with latitude,
elevation, and lake depth and decreases with visual
predation threat, which is also expected to decrease
with lake depth due to the presence of piscivores and
a larger deep-water refuge (Hausch et al. 2013).

In most Calanoida species, other than very few
exceptions, females are always bigger than males.
The smaller size of calanoid males is generally
attributed to their shorter developmental span of
copepodite stage, which enables males to fertilize
females as soon as molting. In zooplankton, the
smaller size and the reduced feeding activity of males
could maximize female fecundity by decreasing
intra-specific competition for food. In unpredictable
environments where generalism is favored, the
sexual size-dimorphism may represent a way to
widen the ecological niche of the species (Anufriieva
and Shadrin 2014).

Gilbert and Williamson (1983) emphasized that
copepods inhabit a remarkable diversity of habitats
that range from small temporary pools to the abyssal
depths of the ocean. The wide range of environmental
conditions undoubtedly contributes to the variability
in the taxon's patterns of sexual dimorphism. There

are several possible adaptive advantages of having
larger females than males. Perhaps the most obvious
one is that females have a greater investment in
offspring, both in terms of biomass contributed and,
in those species that carry their eggs, of energy used
to carry them.

The mean manifestation level of sexual
dimorphism (mean + SD, range: min-max) observed
in family cyclopoida, considering 16 generas and 86
species, was 1.48 + 0.367 (range: 0.72-3.36), and the
difference in sexual dimorphism levels was explained
as a function of variation in the environmental
temperature or food conditions under which the
distinct generations of multi-voltine populations
develop (Gilbert and Williamson 1983).

For a copepod species, Arctodiaptomus salinus
(Daday, 1885), populations in the Crimean water
bodies, the average index of sexual dimorphism
wasl.11 (1.00-1.3, CV=7.51), whereas, those of
“small” and “large” sized populations were 1.10 and
1.13, respectively. Data obtained from different
periods of a single lake (Lake Yanyshskoye) showed
that this index could vary widely within a population.
Sexual dimorphism of A. salinus manifests not only
in linear dimensions and proportions of the body but
also in variability level and reactions to the
fluctuations of environmental conditions (Anufriieva
and Shadrin 2015).

Considering temperature, latitude and lake depth
regarding the mean body size of female populations,
our findings were not compatible with previous
studies (Table 3 and Figure 4). Capture success by
planktivorous fish depends largely on prey visibility
and the ability of the prey to escape. Body
transparency  of  copepods  decreases their
susceptibility to visual predators, but this trait has
only limited significance because many vital
processes interfere with it. For example, the gut of a
feeding copepod is usually distinctly colored, oocytes
developing in the gonads of females are clearly
visible and are often dark-colored, reserve lipids are
often pigmented, and movements of feeding
appendages make copepods more conspicuous
(Pasternak et al. 2006). So, it was expected to
interactions of some environmental factors on body
size variations, but the reason of why there were only
significant variations between body sizes of female
populations may be due to interaction of sexual
dimorphism, physiology of female copepod and fish
predations. Fish predation on copepod is affected by
fish species, fish population density and the structure
of age classes. In this manner, it would be reasonable
to expect the fishing could be a latent factor effecting
variations on body size of copepods.

In conclusion, both intra- and inter-specific
variability on body size were observed in the
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populations of M. leuckarti. Intra-population
diversity was bigger in male than that of female
populations in each water body. Also, inter-
population diversity among male populations was
bigger than inter-population diversity among female
populations. There was statistically significance
among the female populations; whereas, no
significant differences were detected among the male
populations. The variability observed most probably
due to the combination of environmental factors,
sexual dimorphism, physiology of female copepod,
fish predation and the characteristics of water
systems.

As other copepod species, in general, sexual
dimorphism was observed in all water body. It was
clear evidence that the specimen living in the pond
and lake systems were closer than river systems in
terms of body size especially for female ones of
copepods. Also, regarding the significant variations
between female populations, it would be reasonable
to expect the fishing could be a latent factor effecting
variations on body size of copepods.
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This study is combined the data from two different studies that carried out
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noticeable aggregates in the Kocabags Stream. In this paper, supporting factors that
paving the way P. antipodarum invasion are discussed for the study area.
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Tiirkiye i¢sularinda Yeni Zelanda Camur Salyangozu, Potamopyrgus antipodarum (Gray, 1843)’un bir istila
raporu: Delice Nehri ve Kocabas Cay1

Oz: iki farkl bolgede ve zamanda yiiriitiilen calismalardan elde edilen verileri kapsayan bu calisma, Potamopyrgus antipodarum
(Gray, 1843)’un popiilasyon yapist ile ilgili bazi verileri (baskinlik, bolgedeki dagilimi gibi) sunmaktadir. Verilerimize gore, Delice
Nehri’nde P. antipodarum dort farkli noktada ve farkli populasyon yogunluklarinda tespit edilmistir. Ancak Kocabas Cayi’nda
sadece kiigiik bir populasyonun varligina rastlanmustir. Bu tiir % 31,43 degeri ile Delice Nehri’nde Physella acuta (Draparnaud,
1805)’dan (% 46,88) sonra ikinci en baskin tiirdiir. Diger taraftan, bu tiir Kocabag Cayi’nda ¢ok yiiksek sayida bir popiilasyona
sahip degildir. Bu makalede, P. antipodarum’un istilasin destekleyen faktorler tartigilmustir.

Anahtar kelimeler: Potamopyrgus antipodarum, istilaci populasyon, Delice Nehri, Kocabas Cay1, Tiirkiye
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Introduction

The New Zealand mud snail, Potamopyrgus
antipodarum (Gray, 1843), is a truncatelloidean
gastropod that can be able to tolerate a wide range of
abiotic conditions from coastal estuaries to
freshwater ecosystems (Gérard et al. 2003). It is
known as an invasive worldwide that the current
expansion comprises several continents including
Europe, mainland Australia and Tasmania (Ponder
1988) and North America (Bowler 1991).

According to Ponder (1988), introduction of this
species date back to 19" century in southern
Australia, Tasmania and Europe, then the species has
been reported in North America in 1987 (Bowler
1991), Japan (Shimada and Urabe 2003), and more
recently in Canada (Davidson et al. 2008). Shell
remains of the species have also been found in
Lebanon and Irag (Naser and Son 2009). In Turkey,
occurrence of P. antipodarum has been known from
various freshwater ecosystems and only one coastal
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marine area in the western and southern Anatolia
since 1980 (Bilgin 1980; Ustaoglu et al. 2001a, b;
Ustaoglu et al. 2003; Ozbek et al. 2004; Kalyoncu et
al. 2008; Kilicarslan and Ozbek 2010; Yildirim et al.
2006; Kebapgt and Yildirnrm 2010; Girlek 2015;
Odabast and Arslan 2015). Although, its global
spread and high infestation rate, all the
documentations rely on several shells or specimens
and the present records are not related with its
population and invasion status on their habitats in
Turkey. In this study, we have combined the data sets
of two different studies carried out in different
running waters: Delice (a branch of the River
Kizilirmak) and Kocabas (running water located in
Biga Peninsula), which are located in central and
north-western Anatolia, respectively. This study
aimed to evaluate the mollusc fauna and demonstrate
the population structures of P. antipodarum
inhabiting in these streams, we also evaluated the
invasive characteristics of this species in studied
areas.

Materials and Methods
Study Area
The first study area is Delice River that is one of

the major tributaries of the Kizilirmak River
which is the longest running water across Turkey.
The Kizilirmak River flows for a total of 1355 km,
rising from Eastern Anatolia and flows into the
Black Sea. The Delice River, one of the main
tributaries of the Kizilirmak River, flows along
430 km with a high flow rate approximately
30352 m¥s annually. It has many small tributaries
while passing through the Cankiri, Yozgat, Kirsehir
and Kirikkale cities before the joining to the
Kizilirmak River (Giil and Yilmaz 2002). Samplings
were carried out monthly between July 2007 and
August 2008 in the preselected sampling sites in
Delice River.

On the other hand, the second study area is
Kocabag Stream (also called as Biga Stream) that
rising from the extension of the Kaz Mountain, the
ancient name is known as Mount Ida, flows into the
Sea of Marmara at Dardanelles. It is one of the most
important watercourses in the Biga Peninsula with an
80 km in length and 30 m®s annual flow rate.
Seasonal samplings were carried out between May
2012 and November 2013 at two sites located both at
the wupper and lower regions of the dam
lake in the Kocabag Stream (Table 1).

Table 1. Species Content of the freshwater Mollusca in the study area both Delice River and Kocabas Stream. Legends:
St.: Sampling Station, S: Status, N: Native, NC: Non-Native — Cosmopolitan.

Delice River Kocabas Stream
St. St St St St St St St St St Downstream  Upstream S
1 2 3 4 5 6 7 8 9 10

Borystenia naticina + N
Valvata kebapcii + + + N
P. antipodarum + + + + + NC
Pseudamnicola natolica + + N
Theodoxus fluviatilis + N
Ancylus fluviatilis + N
Galba truncatula + N
Physella acuta + + + + + + + + NC
Radix labiata + + + + + N
Gyraulus piscinarum + + + + + + N
Dreissena polymorpha + N
Musculium lacustre + N
Euglesa casertana + NC
Pisidium subtruncatum + + N
Sphaerium sp. + N

Benthic samples were collected with a surber net
from the different habitats in the stream including
aquatic vegetation, stone-gravel, and sand. The
samples were sieved with a series of strainer mesh
sizes of 1, 0.5 and 0.25 mm, and then the snails were

put into 75 % lab-grade ethanol in the field.
Individuals counted one by one under stereo
microscope to determine density in a unit area.
A random sub-sampling was performed for shell
measurements including shell height (SH), shell
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width (SW) according to Glder (2015). Shell
measurements carried out by means of imaging
system consisting of stereo microscope (Stemi 508,
Zeiss) and a camera (Axiocam 105 color). At least
26 snails were included to measurements by
sub-sampling. We also inspected to brood pouch
contents of the sub-sampled snails in order to reveal
seasonal reproductive efficiency. Randomly 15 snails
per sub-sample unit were inspected for brood pouch
regardless of their size.

Results and Discussion
Mollusca fauna and population structure
of invasive species, P. antipodarum, inhabiting in

two distinct areas were evaluated. Results showed
that 12 and 5 taxa inhabiting in the Delice River and
Kocabag Streams respectively (Table 2, 3). The
members of Mollusca fauna were assessed as
nativeand non-native. There are 12 native and 3 non-
native species were recorded in the two study areas
(Table 1).

Potamopyrgus antipodarum originated from The
New Zealand and Physella acuta, North American
origin, are known as global invaders (Dillon et al.
2002; Semenchenko et al. 2008), so we can describe
them as a non-native one in this study. In the stations
of Delice River, a population with a higher number
of individuals was detected (Figure 1, Table 2).

Table 2. Individual numbers per square meter of Mollusca found in the sampling stations (St.) of the Delice River.

Individual numbers St.1 St. 4 St.5 St. 6 St. 8 St. 9 St. 10
Borystenia naticina 0 44 0 0 0 0 0
Valvata kebapcii 0 222 0 0 88 44 0
Potamopyrgus antipodarum 677144 44 133 0 89 0 0
Pseudamnicola natolica 44 0 88 0 0 0 0
Theodoxus fluviatilis 1909 0 0 0 0 0 0
Galba truncatula 0 0 1909 0 0 0 0
Physella acuta 16561 89 12318 14340 133 18958 44
Radix labiata 44 0 177 0 44 177 443
Gyraulus piscinarum 177 133 44 0 44 44 0
Dreissena polymorpha 44 0 0 0 0 0 0
Euglesa casertana 133 0 0 0 0 0 0
Pisidium subtruncatum 0 266 0 0 0 0 177
Sphaerium sp. 0 44 0 0 0 0 0
Table 3. Individual numbers per square meter of Mollusca found in Kocabag Stream
Individual numbers Lw* Up*
Potamopyrgus antipodarum 142 0
Ancylus fluviatilis 0 44
Physella acuta 0 22
Gyraulus piscinarum 0 22
Musculum lacustre 0 22

Lw: Lower part of the dam lake, Up: Upper part of the dam lake.

According to the community parameters
in the Delice River, P. antipodarum predominated
over the other mollusca taxa in the sampling
site 1 (St. 1) (Figure 1). It has reached of the densest
population in St. 1 with 56429/m? (Table 2).
Among the sampling stations of the Delice
River including 4", 5" and 8", P. antipodarum

rarely established with a sparsely population
(Table 2).

On the other hand, P. antipodarum was sampled
from only one sampling site (lower dam Lake of
Bakacak) with a few numbers of individuals (142/m?)
but predominated over associated species in Kocabag
Stream (Figure 4, Table 3).
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Figure 1. Dominance percentage of the Mollusca in the stations of the Delice River.

Considering the habitat structure and
characteristics of the stations in which inhabiting of a
P. antipodarum population in the study area, in the
Delice River, the first station can be placed into a
distinguished position among others as it is mainly
fed by groundwater springs from the bottom
(personal observation). Theodoxus fluviatilis and
Pseudamnicola natolica are associated taxa with
P. antipodarum supporting this claim because of their
special habitat preference; springs (rheocrenes) and
groundwater inhabitants (Yildirrm 1999; Falkner et

al. 2001) that indicating the groundwater sources
in the sampling region. According to the data,
P. antipodarum might be considered as invasive for
the region (1% station of the Delice River) due to a
well-established population. Owing to the constant
water quality regime throughout the year occurring in
the spring-fed streams, they are suitable for growthof
introduced species. The report of Hamada et al.
(2013) also supports our findings that hot spring
discharges are suitable habitats of P. antipodarum
in Japan.
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Figure 2. Seasonal shell height and shell width distributions of P. antipodarum in Delice River and Kocabag Stream.

Shell height (SH) and width (SW) distributions
of P. antipodarum revealed for streams in different
seasons (Figure 2). As can be seen in the diagram,
higher shells of P. antipodarum were observed in the

season August 2007 in Delice River (Figure 2). Other
seasons’ SH and SW  distributions of
P. antipodarum belong to the streams were
overlapped.
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Figure 3. Seasonal shell height frequencies with maximum, minimum, mean values and the average number of embryo
(ANE) of P. antipodarum in Delice River and Kocabas Stream.

Snails were grouped into five SH ranges between
minimum of 1.3 mm and maximum 4.5. Similar to
SH distributions, higher frequency of appearance of
longer shells were detected in the August 2007 of
Delice River. On the contrary, the smaller SH ranges
of shells assembled in the months March, May, and
November, which are representing spring and
autumn seasons. Minimum and maximum SH (mm)
values, as expected, were in March and August 2007
respectively. Appearance frequency of the SH groups
might be indicating that reproduction and individual
growing occurred in seasons. Our data showed an
annual life cycle for the seasons except winter.
Accordingly, the first group range of the population,
it can be considered as juveniles, were dominant
group in November 2007 and March 2008 while the
adults that can be placed into the last two SH groups
were higher in number in August 2007. Although the
sampling at the Kocabag Stream coincided in early
summer, growing population is visible by rising
numbers of adult groups. As can be seen in charts,
average number of embryo production was
interrupted at Delice River only in November 2007

(Figure 3, ANE). The most productive season was
early summer (in Kocabas Stream) and summer
(in Delice River). According to the brood pouch
inspection, the minimum size of reproductive
maturity was 3.47 mm in SH and 1.6 mm in SW
bearing 21 embryos and neonates (Figure 3).

Dorgelo et al. (2014), revealed the dynamics of
P. antipodarum populations inhabiting in two
different lakes which have different trophic levels.
The study showed that size distributions followed a
regular annual pattern in the eutrophic lake. In this
study, similar to our findings, smaller individuals that
made a dense contribution to population size in one
season, increased larger shells in the next season as
reducing the number of smaller individuals.
According to pouch analysis, embryo and neonates
production was interrupted between November and
February. Taking into account of the reproduction
time and first reproduction maturity, a close
similarity is observed with our study.

Before a species invade to an ecosystem, it has to
overcome several challenges (Kolar and Lodge 2001;
Sakai et al. 2001; Alonso and Castro-Diez 2008).
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After the introduction of the species to a new
environment, it must survive, grow and reproduce
under the new environmental conditions
(establishment). Furthermore, it must compete
with the other organisms especially their ecologically
similar taxa in order to reach a high population
growth rate (invasion or spread). After that, the exotic
species must alter the structure and functioning of the
occupied ecosystem (impact) (Parker et al. 1999). In
our study, as can be seen in Figure 1, P. antipodarum
is successfully colonized at the 1% station of Delice
River with an enormous number of individuals

dominating the native mollusk community. Thus,
there is a possible risk of impact on the native
ecosystem in this site due to establishment success of
the invader. Besides, P. acuta predominated over
existing taxa at the other sites of Delice River. When
we consider two non-native invaders, it is obvious
that P. antipodarum is predominating P. acuta at the
1%t station of Delice River. In Kocabas Stream, there
is no certain evidence about invasion processes of
P. antipodarum. However, the species seems to reach
an establishment success in the lower part of the
Bakacak Dam in Kocabas Stream (Figure 4).
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A. fluviatilis  G. piscinarum

P. acuta

M. lacustre P. antipodarum

Figure 4. Dominance percentage of the Mollusca in the lower (Lw) and upper parts of the Dam Lake on the Kocabasg

Stream.

In  conclusion, further investigations and
monitoring programs should be applied in order to
clarify the influence of this non-native species on
structure and functional ecology of the native benthic
community.
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Akyaka Kadin Azmagi’nda Tespit Edilen Salaria fluviatilis (Asso,1801)
(Familya: Blenniidae) Tiiriiniin Yumurta ve Larvalarimin Morfolojik
Ozellikleri

Tiilin COKER*

Mugla Sitk1 Kogman Universitesi, Su Uriinleri Fakiiltesi, Mugla, Tiirkiye

0z MAKALE BiLGISI
Salaria fluviatilis (Asso,1801), Blenniidae familyasinin Akdeniz’de temsil edilen KISA MAKALE

tek tatlisu tiiriidiir. Bu caligmada, iilkemiz i¢sularinda ilk kez dogadan &rneklenen

bir kemikli baliga ait yumurta ve larvalarin morfolojik ozellikleri verilmistir. Gelis :16.11.2018

22 Temmuz 2012°de Gokova Korfezi'ne agilan Akyaka Azmak Nehri’nden Diizeltme  :05.02.2019

S. fluviatilis tiiriine ait ¢ok sayida aynmi gelisim evresindeki (¢cogunlugu son Kabul . 06.02.2019
sathaya erigmis) yumurtalar tespit edilmistir. Demersal 6zellikteki yumurtalarin I

caplari; 0,89-1,31x0,78-1,23 mm, bu yumurtalardan ¢ikan prelarvalarin boylarr, Yayim :25.12.2019

2,4-3,8 mm, postlarvalarinki 3,3-4,2 mm olarak 6lgiilmiistiir.
DOI:10.17216/LimnoFish.484462

Anahtar kelimeler:
Korfezi.

Blenniidae (Horozbina), demersal yumurta, Gokova
* SORUMLU YAZAR

tulincoker@mu.edu.tr
Tel :+90 252 211 1902

Morphological Characteristics of Eggs and Larvae of Salaria fluviatilis (Asso,1801) (Family: Blenniidae)
Collected from Akyaka Azmak Creek

Abstract: Salaria fluviatilis (Ass0,1801) is the only freshwater species of Blenniidae represented in the Mediterranean Sea. This
study stands as the first one to provide the morphological characteristics of one of Teleost fish eggs and larvae sampled from their
natural habitats in Turkey’s inland waters. A great majority of eggs (mostly at late stage) belonging to S. fluviatilis found in Akyaka
Azmak creek flowing into the Gokova Bay on 22 July 2012. Diameters of these demersal eggs were 0.89-1.31x0.78-1.23 mm, and
lengths of these hatched prelarvae were recorded as 2.4-3.8 mm, postlarvae 3.3-4.2 mm.

Keywords: Blenny, demersal eggs, Gokova Bay.
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Giris

Salaria fluviatilis (Ass0,1801), erginleri sahile
yakin gollerde veya az derin akarsularin taghk ve
kayalik zonlarinda yasayan, kiiciik boylu bir
demersal baliktir (Whitehead vd.1989). Tuzlu suda
da yasayabilirler, kendi bdlgesinden fazla
uzaklasmazlar, 5 yasina kadar yasarlar (Kottelat ve
Freyhof 2007). Akdeniz’de Avrupa Baseni,
Kuzeybati Afrika ve Tiirkiye sahillerinde yayilis
gosterirler (Anonim 2018). iznik Gélii’nden Ozulug
vd. (2005); Ceyhan Nehri’nden Kara vd. (2010),
Seyhan Baraj Goli’'nden Ergiiden ve Goksu (2012),
Marmara, Kiigiik Menderes, Bati Karadeniz,
Antalya, Dogu Akdeniz, Seyhan ve Ceyhan

havzalarina ait akarsulardan ilhan vd. (2013) ergin
kayitlarin1 vermislerdir.

S. fluviatilis bireyleri birinci yasin sonunda
iremeye baslar ve bir disi bir seferde 1200 kadar
yumurta birakabilir (Anonim 2018). Disi balik 2-30
kez olmak iizere, her seferde ortalama 200-300
yumurta birakir. Bir yuvadaki yumurta sayisi
500-8000 civarindadir (Gasith ve Goren 2009). Disi
taglarin altinda yumurtalarini y1gin olarak tek tabaka
halinde yapistirir ve déllenme olduktan sonra yuvay1
terk eder (Vinyoles vd. 2002). Yumurtlanan
yumurtalar1 erkek bireyler korur (Kottelat 2004),
yuvanin temizlenmesini, gerekirse tasinmasini ve
pectoral yiizgeclerini hareket ettirerek yumurtalarin
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oksijenlenmesini saglar. Coker (1996; 2017) izmir
Korfezi’nde Blenniidae familyasina ait denizel
6 tiirtin; (Parablennius gattorugine (Linnaeus,1758),
Parablennius tentacularis (Briinnich,1768), Salaria
pavo (Risso, 1810), Parablennius sanguinolentus
(Pallas,1814), Blennius ocellaris Linnaeus,1758,

Aidablennius sphynx (\Valenciennes,1836),
Coryphoblennius galerita (Linnaeus,1758) ve
Karadeniz’de Gordina vd. (2005) 1 tiirling

Parablennius zvonimiri’nin (Kolombatovi¢, 1892)
larvalarini bildirmislerdir.

Ik olarak (Gill vd. 2010) S. fluviatilis tiiriinii
laboratuvar kosullarinda yetistirerek embriyonik
gelisimlerini izlemis, yumurta ve larval donemlerini
morfolojik olarak tamimlamis ve fizyolojik
kosullarini kaydetmislerdir.

Gokova Korfezi i¢ kesimi tatlisu, acisu ve denizel
ortam karakterlerini gosterir ve bu ii¢ ekosistem bir
kisim baliklarin iireme ve beslenme gdcleri agisindan
gecis bolgelerini olusturur. Dolayisiyla bu alanda

tiirlerin iireme Ozelliklerinin ve yagam ortamlarinin
belirlenmesinde yeni bulgular onemlidir.
Bugiine kadar Akyaka Kadin Azmagi’nda
S. fluviatilis tiiriiniin gerek erginleri gerek erken evre
diizeyinde yumurta ve larvalarina dair bilgi
veya kayit bulunmamaktadir. Bu c¢alismada
nehirde tesadiifi olarak bulunan tiirlin yumurta
ve larvalart  rapor  edilerek, = morfolojik
ozellikleri kaydedilmis, cap ve boy Olclimleri
ile baz1 morfometrik oranlar1 verilmistir.

Materyal ve Metot

22 Temmuz 2012 tarihinde Gokova Korfezi’ne
dokilen 1700 m  uzunlugundaki  Akyaka
Kadin Azmagi’nda, denizden 1200 m mesafede
(37°02°36"K, 28°20'12"D) bir iskele
ayaginin yakinina atilmig bir tahta pargasi {izerine
birakilmis bir yigin halinde bulunan balik
yumurtalari 1,5 m derinlikten dalarak cikarilmigtir
(Sekil 1).
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Sekil 1. Ornekleme Alani ve Ornekleme Istasyonu.

Bulunan yumurtalar, plastik bir kapta Azmak
suyu i¢inde kendi haline birakilmis ve yaklasik 24
saat icinde yumurtalarin pek ¢ogunun agildig
gbzlenmistir. Sonrasinda yumurta ve larvalar %4
formaldehit ¢o6zeltisi igine konularak muhafaza
edilmig, SZ-61 Olympus marka binokiiler mikroskop
altinda teshis ve tanimlari, Olglimleri (4x1)

yapilarak, fotograf cekimleri gergeklestirilmistir.
Yumurtadan ¢ikan larvalar Sekil 2’de belirtilen
morfolojik karakterler dikkate almarak
tanimlanmugtir.

Tiriin 6rneklenmesini takiben YSI 550 o6l¢iim
cihaz1 kullamlarak sicaklik ve oksijen ol¢limleri
yapilmustir.
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Sekil 2. Bir Blenniid larvasinin morfolojik karakterleri ve pigmentasyon goriilen viicut boliimleri (Coker 1996).

Sonuglar olan yumurtalar tespit edilmistir (Sekil 3a).

Akyaka Azmak Nehri’nden, S. fluviatilis tiiriine
ait safhasi olmayan (embriyonik gelisimin heniiz
baglamadigi) ve cok sayida son sathaya erismis

Yumurtalarmm bulundugu derinlikte sicaklik ve
oksijen degerleri; 17,0 °C ve 5,80 mg/L olarak
Olgllmiistiir.

Sekil 3. a: Tahta iizerinde yiizeye ve birbirine yapistirilmis halde ¢ok sayidaki S. fluviatilis yumurtalar1 b: Embriyonik
sathas1 olmayan ve ¢: Embriyonik gelisimi son safhaya erigmis haldeki yumurtalar.
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Demersal 6zellikteki yumurtalar, basik kiiresele
yakin gekillidir. Yumurta caplari; genisligi ve
yiiksekligi; 0,89-1,31x0,78-1,23 mm’dir. Bir kisim
yumurtalarda embriyonik segmentasyonun heniiz
baglamadig1 gorilmistir (Sekil 3b). Embriyosu
gelismis yumurtalarda vitelliis kesesi {izerinde koyu
kahve renkli kiiciik yildiz sekilli kromatoforlar
embriyonik eksenin posterioril etrafinda
yogunlagmistir. Gozleri biyiik (0,3 mm) ve
belirgindir. Vitelliis homojendir. Yumurtalarda
vitelliis iizerinde ¢ok sayidaki yag damlalar
gdzlenmemistir (Sekil 3c).

Yumurtadan  ¢ikan  prelarvalarin = boyu
2,4-3,8 mm’dir. Agiz agilmamistir ve vitelliisleri
homojen ve agik sar1 renklidir.  Preanal
viicudun;1/3’de yer alir. Goz c¢api bas boyunun
yaklasik yarisi kadardir. Vitelliis seffaf ve belirgindir,
tiim abdominalin yarisini veya yarisindan ¢ogunu
kaplamustir. Bag tizerinde kalin nokta seklinde yogun

ve daginik kromatoforlar yer alir. Post-anal ventral
sira kuyruga kadar 18-19 adet kiiciik noktalar
seklinde uzanir. Pektoral yilizge¢ kaidesinde nokta
sekilli kromatofor yer alir. Peritoneal kesikli kalin
bant seklindedir, barsak ventrali iizerinde belirgin bir
yildiz kromatofor ve abdominalde kiigiik bir yildiz
kromatofor yer alir (Sekil 4).

Postlarvalarin  boylari; 3,3-4,2 mm’dir. Basg
viicuda oranla biraz biiyiik, viicut kuyruk kismina
dogru daralmistir. Aniis viicudun Y2,5’da yer
almaktadir. Pektoral yiizgegler orta biiylikliikte ve
yelpaze seklindedir. Miyomer sayisi; 7+25 (32)’dir.
Postlarvalarin ~ post-anal ~ ventrali  {izerinde

7. miyomerden baslamak iizere kuyruga kadar
uzanan 18 adet nokta seklinde, bas tizerinde 3-4 adet
yildiz seklinde biiyiik belirgin, barsak posterioriinde
tek yildiz sekilli, abdominal bdlge iizerinde birkag
adet olmak {lizere kromatoforlar goriiliir ve peritoneal
bolgede de yogun pigmentasyon vardir (Sekil 5).

Sekil 4. 3,6 mm boyundaki S. fluviatilis prelarvasi.

Sekil 5. 4,1 mm boyundaki S. fluviatilis postlarvasi



224

Coker 2019 - LimnoFish 5(3): 220-225

Tartisma

Daha once iilkemiz igsularinda birkac tiiriin
yumurta ve larvalart  yetistiricilik  yoluyla
tanimlandig1 halde (Sahinéz vd. 2007; Dogu vd.
2013), bu calismada ilk kez dogadan orneklenen
yumurta ve larvalarin  morfolojik  o6zellikleri
belirlenmigtir.

Yumurta yigimi iginde farkli gelisim evrelerinin
gorlilmesi tlirtin  poligamik iireme 0&zelliklerine
iliskindir. Vodynitskii ve Kazanova (1954) erkek
Blenniid’in yumurta birakma yerini sectigi ve birkag
disiyi buraya gektigini belirtmistir. Bdylelikle bir
yuvada birka¢ disiden gelen yumurtalar farkl
zamanlarda dollenmekte, aym1 yuvadaki bireylerin
yumurta ¢aplart ve gelisim hizlart farkliliklar
gostermektedir. Orneklerimizde ortalama yumurta
caplart 1,13x1.03 mm’dir. Yumurtalarin yiiksekligi
mevcut degerlerin biraz iizerindedir. Psarras vd.
(1997) yumurta ¢apin1 0,95x0,68 mm, Gil vd. (2010)
1,1-1,2x0,70-0,80 mm  olarak  Ol¢miislerdir.
3,2-3,8 mm aymi boylardaki larvalarin bir kismi
prelarva bir kismi postlarva olarak ayirt edilmistir.
Gil vd. (2010) calismamizda 32 olarak kaydedilen
miyomer sayisini 36-37 olarak vermislerdir. Bu
farkliliklarin  ayr1 popiilasyonlardan gelen ergin
bireylerin  gelisim  o6zelliklerinden ve  farkh
sicakliklardan  kaynaklandigi  diistintilmektedir.
Coker  (1996) denizel tiirlerin larvalarmin
yumurtadan cikma boyunun kaynaklarda
belirtilenden daha kisa oldugunu tespit etmis,
embriyonik  gelisimin sularimizda daha hizli
oldugunu belirtmistir.

Gil vd. (2010) embriyonik gelisimin 20-21 °C’de
12-14 giin, Gasith ve Goren (2009) 21-23 °C’de
11-13 giin siirdiigiinii belirtmiglerdir. Caligmamizda
17 °C Azmak Nehri’nden alman embriyosu gelismis
olan yumurtalar oda sicakliginda yaklasik 24 saat
siirede yumurtadan ¢ikmislardir.

Tiirlin laboratuvar denemelerinde 14-31 °C’lerde
yumurtladigr belirtilmistir (Gasith ve Goren 2009).
Caligmamizda tespit edilen yumurtalar Temmuz
ayinda elde edilmistir. Uremenin y1l boyunca oldugu
ancak, tiirlin yogun olarak Mart veya Temmuz’da
yumurtladigi bilinmektedir (Psarras vd. 1997; Gasith
ve Goren 2009). Dekhnik (1973), denizel tiirlerde su
sicakligr 15-16 °C’de iken Blenniid larvalarina nadir
rastlandigi, 18-20 °C’de sayilarinin birkag kat arttigi,
25-26 °C’de yogun yumurta birakmaya bagladiklarini
belirtmistir.

Gil vd. (2010) Tiiriin yumurtalar i¢in ¢ézlinmiis
uygun oksijen degerini; 5,44 mg/L olarak
vermislerdir. Demirak vd. (2012) Azmak Nehrinde
sicakliklart y11 boyunca 15-17 °C’lerde, oksijen
degerlerini 7,17-9,51 mg/L, Dondii (2015) bir yillik
ortalama su sicakligl ve oksijen degerlerini; 16,40-
16,51 °C ve 4,2-94 mg/L, Yabanli vd. (2014)

mevsimsel ortalama sicaklik ve oksijen degerlerini;
14,81-16,71 °C ve 7,89-8,61 mg/L, Cesur vd. (2014)
pH degerini 7,27, sicakligi; 16 °C, Coker vd. (2015)
Azmak sularinda sonbahar aylar1 igin sicaklik;
16-18°C, tuzluluk; 2,69-2,70 ppt, oksijen degerlerini;
6,38-7,03 mg/L olarak 6lgmiislerdir.

Okus vd. (2006) Akyaka kiy1 ve Azmaklar
mevkiinden tirlerin en Onemli yumurtlama
alanlarindan biri olarak bahsetmislerdir.
Coker vd. (2015) sonbahar déneminde Gokova I¢
Korfez ihtiyoplanktonunda 5 familyadan 9 denizel
kemikli balik tiirlinlin yumurta ve larvasina
rastlamiglar, Kadin Azmag: lizerinde yer alan ii¢
istasyondan hi¢ yumurta larva kaydetmemislerdir.
Arastiricilar I¢ Kérfez’de ihtiyoplanktonda birey ve
tiir sayilarindaki azligi, sonbaharda tireyen balik
tir sayisinin  fazla olmamasi ve korfezin
iiretkenligindeki mevsimsel diismeye baglamislardir.
Kontrolsiiz avciligin yaninda hizla artan turizm ve
onunla birlikte artan cevre kirliliginin olumsuz
etkilerinin sistemin verimsizlesmesine yol acacagi ve
ortamdaki  baliklarin  {iremesi  i¢in  uygun
ortamlarin yok olma tehlikesi ile karsilasacagi
belirtilmistir (Top vd. 2013). Demirak vd. (2012)
bu alanda giderek artan su kirlenme sorununu; yasal
olmayan atiksu bosaltilmasi, gezi ve balikel
teknelerinin varligina baglamiglar, Yabanli vd.
(2014) tekne tamiri ve Dboyalarmin civari
kirletmesine ve inceledikleri makrofitin koklerinde
maksimum miktarda agir metal bulunduguna
dikkat ¢ekmislerdir. S. fluviatilis Red-List’te LC
(Least concern) kategorisinde yer alan tiirlerden
biridir, Akdeniz’de bu tiir tizerindeki asil tehditler;
otrofikasyon, habitat bozulmalar1 ve istilaci tiirlerin
predasyonu olarak belirtilmis, popiilasyonlarini
sinirlayict asil faktoriin ise pelajikte gecirdikleri
larval evreleri oldugu vurgulanmigtir (Anonim 2018).
Azmak  nehrinde halen lireme islevini
sirdiren bu tirtin larval dagilim ve bolluklari,
erginlerin iireme Ozellikleri ve populasyonlart ile
ilgili ileride ayrintili ¢alismalar yapilmasina ihtiyag
vardir.
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