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Abstract: The population structure of Knipowitschia caucasica (Caucasian dwarf goby) in
Lake Egirdir (Turkey) was studied, using 400 fish monthly in 2008. Males made up 45.75%
(183), females 50.50% (202) and juveniles 3.75% (15) of the population. The length-weight
relationship and Von Bertalanffy growth equation were estimated as W=0.0141%L27%
(r=0.7464), W=0.0116*L>**" (1=0.8266) and W=0.0129*L>*%** (r=0.8039) for females,
males and combined sexes, respectively. This species can be mainly fed with Ochrophyta,
Gammarus pulex and Ostracoda organisms. There is a food competition among Atherina
boyeri, Aphanius anatoliae and K. caucasica that live mainly in coastal areas and share the
same environment. The species has become one of the dominant fish of lake along with
Carassius gibelio (non-native), A. anatoliae (native) vs A. boyeri (non-native).
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Introduction

Knipowitschia, a “sand-goby” genus of Ponto-Caspian
origin is comprised of fifteen described eurytopic or
freshwater species, mostly endemic with limited
distribution in the habit of the Black and Caspian Sea, and
drainages of the Aegean, lonian, Adriatic Sea and
Anatolia (Miller, 2004; Kovaci¢, 2005). There are
approximately 15 species in this genus (Ahnelt, 1995;
Miller, 2004; Kovacié¢, 2005; TUCN, 2013). The well-
known Knipowitchia members in Turkey are
K. caucasica, K. ephesi (endemic), K. longecaudata,
K. mermere (endemic), K. caunosi (endemic) and
K. byblisia (endemic) (Ahnelt, 1995, 2011; Neer et al.,
1999; Turan et al., 2005).

Knipowitschia caucasica is found in Egirdir, Eber,
Sapanca, Beysehir and Biiylikcekmece lakes; Great
Meander (lakes Bafa, Civril and Demirkoprii) and Evros
river basin (Neer et al., 1999; Balik et al., 2005; Tarkan et
al., 2006; Yegen et al., 2006; C)zulugy et al., 2007).

It was first recorded in Caykdy Canal as
Pomatoschistus marmoratus by Kiiciik (1998); however,
Neer et al. (1999) redefined it as K. caucasica. Although

there is insufficient information concerning its origin,
K. caucasicais thought to be an alien species for the lake.
As no record was given in previous studies carried out by
various researchers (Pietschmann, 1933; Kosswig and
Geldiay, 1952; Sarihan, 1970; Campell, 1992; Ekmekci
and Erk’akan, 1997), and that has not found in pike-perch
stomachs, this theory is thought to be valid. The lack of
information on this subject was reported Neer et al. (1999)
and it was documented that this species may have
inadvertently entered in the lake while stocking with other
fish species.

In the present study, information on the population
structure, food and feeding of K. caucasica in the Lake
Egirdir, its relationship with other fish species and the
status in the lake are presented.

Materials and Methods

Lake Egirdir was formed as a result of a subsidence
located in the intersection area of the Menderes-Taurus
and East Taurus blocks of the Central Anatolian Plateau.
The first signs of the formation of this lake can be traced
to the Upper Cretaceous (Mesozoic-Tertiary, 65 million
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Table 1. Age and sex distribution of Knipowitschia caucasica from the Lake Egirdir (N: Number of samples, N%: Percent of

samples, Females (F), Males (M)).

Age Females Males Immature All
group N N% N N% N N% N Noo | MF
0 70 1750 66 1650 10 250 146 3650 0941
| 127 3175 106 2650 5 125 238 5050 0.83:l
1 5 1.25 7 1.75 ; ; 12 300 1.40:1.
i - ; 4 1.00 ; - 4 100 4.00:1.
Total 202 5050 183 4575 15 375 400 100  0.90:1.

years ago) period, and the current sediment remains hold
traces of the Plio-Quaternary period (2 Mya-10 Kya)
(Gormiis et al., 2005). Therefore, the central Anatolian
Plateau has a high rate of endemism.

Lake Egirdir is located at latitude 38°15'N and
longitude 30°52’E in the Lake District (southwest Turkey)
and second largest freshwater lake of Turkey (918 m sea
level, 8-9 m mean depth.)

Today, there are 15 fish taxa (10 native, 5 non-native)
present in Lake Egirdir. It was determined that, among the
endemic species of Lake Egirdir, Handlirsch’s minnow
(Pseudophoxinus handlirschi) is extinct (EX), Eregli
minnow (Hemigrammocapoeta kemali) disappeared and
Egirdir minnow (P. egridiri) and Egirdir barb (Capoeta
pestai) are critically endangered (CR) (Kiiciik et al.,
2009).

The first major change to the natural fish fauna in Lake
Egirdir began in 1955 with the intentional introduction of
Sander lucioperca, an alien piscivorous fish. Then,
omnivorous fish Carassius gibelio in 1996 and
planktivorous-carnivorous Atherina boyeri in 2003 were
introduced to lake through unknown methods. The native
fish fauna changed greatly due to alien fish introductions
and overfishing. The major fish species in the lake are the
silver crucian carp (Carassius gibelio), Anatolian killifish
(Aphanius  anatoliae), =~ Caucasian  dwarf  goby
(K. caucasica) and big-scale sand smelt (A. boyeri).

Monthly samples were collected from the Lake Egirdir
between April 2007 and March 2008 with drift nets of
tulle of 2 mm mesh size. In this study, a total of 400
specimens were examined. The total lengths of all fish
measured with 0.01 mm sensitive calipers, whereas
weights were recorded with an electronic balance at the
nearest 0.01 g. The age was determined from scales. The
overall ratio of males to females was evaluated with x> test

(0.05) (Diizgiines et al., 1995). The relation of weight to
total length was established by the exponential regression
equation, W=a*TLP, where W is the weight in g, TL the
total length in cm, a and b the parameters to be established
(Ricker, 1975). The growth of the K. caucasicapopulation
was estimated with the following Von Bertalanffy growth
equations:
Lt=Loo( 1- e—k(t—to)) ,

Where L, is the total length in cm at age “t”, L. the
average asymptotic length in mm, k the body growth
coefficient, “to” the hypothetical age and “a” and “b”
constants (Kara, 1992). Food selection was expressed as
the percent distribution of the monthly consumed food
types. Food organisms founded in the alimentary canal
were identified using various textbooks (Smith, 2001).

Results

The age structure of the sampled fish ranged from O to III
years (Table 1). Of the total fish examined, 183 (45.75%)
were males, 202 (50.50%) females and 15 (3.75%)
immature. The overall ratio of males to females was
0.90:1.00 and %2 analysis showed this sex ratio to be not
significant (P>0.05) (Table 1). The fish size and age
classes are indicated in Table 2.

The following Von Bertalaffy growth equation was
obtained as L=232.65(1-¢ 00265115y for  sexes
combined. The differences between observed and
expected total lengths were statistically not significant in
all age groups (t-test, P>0.05). The total length-weight
relationships were calculated for all K. caucasica samples.
The length-weight relationships are represented in Figure
1.

The monthly stomach contents are presented as the
percent distribution of organisms identified from the
alimentary canal (Table 3). Ostracoda, Amphipoda
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Table 2. Size and age composition of females (F), males (M) and immature (I) of Knipowitschia caucasica from the Lake Egirdir

(total length (TL) in mm).

Age Class
Total Length
(mm) 0 ! ! 1 Total
F M | F M [ F M | F M I
22.96-25.36 2 1 3 6
25.37-27.77 14 13 4 31
27.78-30.18 47 42 3 92
30.19-32.59 7 10 5% 3% 2 110
32.60-35.00 54 37 2 93
35.01-37.41 16 33 1 50
37.42-39.82 1 1 4 4 10
39.83-42.23 1 3 4
42.24-44.64 3 3
44.65-47.05 1 1
> 70 66 10 127 106 5 5 7 0 0 4 0 400
Table 3. The monthly percent distribution of organisms in the alimentary canal of Knipowitschia caucasica from the Lake Egirdir
(%).
A M J J A S @) N D J F M >
Ochrophyta 72.82 82.60 87.87 59.48 47.20 43.00 - 42.00 - - 1400 - 3751
Veliger larvae - - - - - 200 - 800 9.00 17.00 26.00 25.00 7.26
Rotifera - - - 240 560 - - - - - - - 068
Alona sp. 097 - - 240 830 - - 200 - - - - 114
Ostracoda - - - - - - 33.00 37.00 55.00 66.00 18.00 25.00 19.50
Gammarus pulex 20.39 13.52 5.30 19.04 25.00 53.00 67.00 6.00 27.00 17.00 32.00 37.00 26.90
Asellus aquaticus 194 194 - - - - - - - - - - 0.33
Ephemeropteraimago 1.94 - - - - - - 2.00 - - - - 0.34
Trichoptera imago - - 6.83 949 830 - - 300 - - - - 230
Trichoptera larvae 0.97 0.97 - 240 - - - - - - 5.00 13.00 1.87
Diptera larvae 0.97 0.97 - - - - - - - - - - 0.17
Empty stomach - - - 240 5.60 2.00 - - 9.00 - 5.00 - 2.00

(Gammarus pulex) and Ochrophyta are the major food
resources for K. caucasica. Knipowitschia caucasica
prefers to feed on zooplankton in winter and spring while
choosing benthic feeding in summer and autumn.
Discussion

In this study, the age of K. caucasicafrom the Lake Egirdir
ranged from O to III. Nikolsky (1980) suggested that the
situation in wide range of age distribution in a population
are to accepted as a indication of enough level in the food
of water system. The decrease of individual in old age
groups in the population will cause increase of individual

in young age groups, decreasing the food competition.

The sex ratio of females to males of K. caucasica of the
Lake Egirdir is 0.90:1.00 (y2, P>0.05). This ratio found in
the research is similar to ratio 1.00:1.00 give for a number
of species (Nikolsky, 1980). According to Nikolsky
(1980), sex ratio varies considerably from species to
species, but in the majority of species it is close to one.
The sex ratio of females to males is similar to population
of Evros Delta (Kevrekidis et al., 1990).

The coefficient of length-weight
relationship in K. caucasica was calculated r=0.8049 for

correlation
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Figure 1. The total length-weight relationships of Knipowitschia

caucasica from the Lake Egirdir (All, Female and Male).
combined sexes. This is unimportant from the expected
increase in length-weight relationship. In this study
relationship is similar to K. caucasica (Tarkan et al., 2006;
Kevrekidis et al., 1990).

Fifteen different groups of organisms have been
encountered in digestive tract of individuals of Lake
Egirdir and it was determined that densely consumed
Ostracoda, Bivalves larvae (Dreissena polymorha) and
Amphipoda (Gammarus pulex). Species do not have the
trouble finding food in their surroundings and they mostly
preferred benthic feeding regime all year. At a result of
exhibits that the population of K. caucasica is a
developing population. Feeding of individuals in the

Evros Delta (Greece) (Kevrekidis et al., 1990) shows a
limited varies containing only six food categories. The
most densely food organisms was Ficopomatus
enigmaticus, Hediste diversicolor and Gammarus
aequicauda. According to the study, it was determined that
K. caucasicafed from the ground and preferred to benthic
life. Population of Trichonis Lake (Greece) (Economou et
al., 1994) fed 10 different groups of organisms. Copepoda
and Dreissena polymorpha larvae were densely found
within food organisms. According to these data, it was
concluded that K. caucasica fed from the ground. Cambell
(1992) and Ekmekgi and Erk’akan (1997) have not found
K. caucasica in nutrient content of pike-perch in Lake
Egirdir. On the contrary, Balik et al. (2006) determined
that the primary food of pike-perch (. /ucioperca). These
results confirmed the arrival date of the species in the
Lake Egirdir (Neer et al., 1999). In the 2 year-long study
related to feeding of population of A. boyeri, K. caucasica
was not found in the digestive tract of fish (Kii¢iik et al.,
2006). It have shown there is no feeding relationship
between two non-native species of lake. Atherina boyeri
which sharing the same habitat of lake and being other
foreign fish consumed 22 different food organisms and it
shared 10 of these organisms with K. caucasica (Kiigiik et
al., 2006). Connected with excessive growing of sand
smelt, for fishing seasons, It could be captured only
goldfish (C. gibelio), when pike-perch (S. lucioperca) and
carp (Cyprinus carpio) density in the lake was decreased
until limited level. Knipowitschia caucasica and
A. anatoliae population, which got free from fishing
pressure, was massively increased. In another study made
in same period (Giiglii, 2012), A. anatoliae, the other fish
sharing the same habitat and also the lake's native fish,
consumed 16 different food organisms, sharing 11 of
these organisms with K. caucasica. There is a food
competition between A. boyeri, A. anatoliae and
K. caucasica that especially living in the coastal areas and
sharing the same environment. However, this does not
seem to affect the development of three populations.

In conclusion, K. caucasica have quite adapted to the
environment and has created a devoloping population.
The species has become one of the dominant fish of the
lake together with C. gibelio (non-native), A. anatoliae
(native) and A. boyeri (non-native).
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