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ABSTRACT

In the Mediterranean Anatolia, the Lakes Region and Konya Closed Basin are the richest regions in terms of en-
demic fish with 55 species. An important place among them is occupied by the Oriental killifish genus Anatolichthys
(Cyprinodontiformes: Aphaniidae). Many of them are still poorly understood. In these regions, global warming
(droughts) and anthropogenic impact are serious threats to freshwater fishes. We have studied little explored
populations of endemic A. maeandricus in Isikli Lake and Isikli Spring (Biiyiik Menderes River basin), influenced
by both factors. Sampling was carried out seasonally (August, October 2021, February and April 2022), with a to-
tal of 233 and 157 specimens. Age ranges, male to female proportions, length and weight ranges were determined
for two populations. The Von Bertalanffy growth equations were calculated for the populations in Isikli Lake and
Isikl1 Spring, respectively, as Lt=22.58 (1-e 004080303y and Lt = 27.60 (1-e00304+0.559) The content of the di-
gestive tract and stomach was examined. Gammarus sp. and Chironomid organisms were dominant in food of fish
from both habitats. Although the growth parameters appear to be positive, drought and habitat destruction can
be expected to endanger this endemic species in the near future. By our observations, over the past ten years, the
habitat of the species has been severely restricted, and this situation has also affected other endemic fish species
in the region. For these reasons, it is an urgent to protect the habitat of endemic fishes first and then the species
themselves.

Key words: Anatolichthys maeandricus, Aphaniidae, Bliyilk Menderes River Basin, global warming, nature
destruction, Oriental killifish

TlonyasIMOHHbINA cTaTyC dHAEMUYHO pbIObI Anatolichthys maeandricus
(Cyprinodontiformes: Aphaniidae) B o3epax u Ki04ax AHATOJIUH B YCIOBHAX 3aCyXH
¥ HHTEHCHUBHOTO aHTPOMOTEHHOTO BO3/1EHCTBUS
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cpeau HUX 3aHMMAalOT Buabl poga Anatolichthys (Cyprinodontiformes: Aphaniidae). MHorue us sHAEMUKOB
IJIOXO M3y4YeHbl. B TO Jke BpeMsi MPECHOBOJAHBIE PHIObI HTUX PETMOHOB MOJABEP/KEHBI CEPHE3HBIM YIPO3aM
BCJIEAICTBUE TI00ATBHOTO TOTEIIeHUs (3aCyX1) U AHTPOTIOTEHHBIX Bo3/elicTBri. Hamu uccieoBanbl Maio-
U3yYEHHBIE TOMYJISIIIUY SHIAEMUYHOTO Buia A. maeandricus B o3epe Umukib u poguuke Mmukiasr (Gacceitn
peku Broiitok Menzepec), Haxonsuuecs nof BausHueM o6oux paxropos. OT60p mpob IPOBOAUICS CE30H-
HO (aBryct, okTs6pb 2021 1., pespanpb u anpesnsb 2022 r.), 06mum KoaudectBoM 233 u 157 sk3. BospacTHble
JIATIa30Hbl, COOTHOIIEHUE TI0JIOB, PA3MEPHO-BECOBBIE XaPAKTEPUCTUKY OBIJIU OMPEIEIEeHBI I KaKI0i 13
MOy AN, YpaBHeHusI pocTa ¢oH Bepramandu paccuyuTaHbl Auas monyasnuit ozepa Mmukaer Lt=22,58
(1-e700408+-0309)) i yeroynmka Mmukasr Lt = 27,60 (1-e-00304¢0559) VccneqoBanu coctaB mutanus. B murme
pbI6 060UX MECTOOOUTAHUN TOMUHUPOBaAU Gammarus sp. U XUPOHOMHUIBI. XOTsI HapaMeTPhl POCTa — MOJIO-
KUTEJNbHBIE, MOXKHO OKUATh, UTO 3aCyXa U JETPAJAAIMS CPEbl OOUTAHUS MOCTABAT TIOJl yTPO3Y ITOT SHIIE-
MUYHBIH BUJ yKe B Omokaiimem OyayieM. [To HamuM HaGII0MEHIAM, 32 IOCJIEHYE ECSATD JIET apea BIAa
CUJIBHO COKPATHJICS, ¥ 9TA CUTYAI[¥s 3aTPOHYJIA U IPYTHUE HAEMUYHBIE BU/AbI PbI6 peruona. [1o aTum mpudu-
HaM HeO0OXOAUMO IIPUHUMATH CPOYHBIE MEPHI 110 OXPAaHE CPEbl OOUTAHUSI IHAEMUYHBIX BU/OB.

Kmouessie ciaoBa: Anatolichthys maeandricus, Aphaniidae, 6acceitn peku Broiitok Menaepec, rimobaibHoe

MOTETJIEHNE, AeTPAAAIUS CPEB OOUTAHUS, KULAUDULL

INTRODUCTION

Approximately half of the inland fish in Turkey
consists of endemic species. The Lakes Region and
Konya Closed Basin in Anatolia are the richest re-
gions in terms of endemic fish with 55 species (Cigek
et al. 2018). Among them, species belonging to the
oriental killifish genus Anatolichthys Kosswig et
Sézer, 1945 constitute an important place. The genus
includes 13 species, A. villwocki Hrbek et Wildeka-
mp, 2003, A. transgrediens (Ermin, 1946), A. iconii
(Aksiray, 1948), A. anatoliae (Leidenfrost, 1912),
A. fontinalis (Aksiray, 1948), A. sureyanus (Ney,
1937), A. splendens Kosswig et Sozer, 1945, A. sal-
dae (Aksiray, 1955), A. marassantensis (Pfleiderer,
Geiger et Herder, 2014), A. maeandricus (Akgiray,
1948), A. irregularis (Yogurtguoglu et Freyhof,
2018), A. danfordii (Boulenger, 1890) and A. meridi-
onalis (Aksiray, 1948). In the Lakes Region, 11 of
them are present (A. splendens became extinxt). In
this respect, Anatolia is a center in the distribution of
the genus Anatolichthys (Freyhof and Yogurtguoglu
2020; Giiglii and Giiglii 2022).

The Mediterranean Basin, including the Lakes
Region and Middle Anatolia (Tiirkiye), is shown as
one of the regions that will be most affected by glob-
al climate change. Drought and related habitat loss/
destruction, pollution, the effect of predator-invasive
species, water loss due to agricultural irrigation con-
stitute the main threats to the species in the region
(Colak et al. 2022). It has been determined that the
majority of Anatolicthys populations and habitats in

the region have changed negatively (Giicli and Giigli
2022). While A. fontinalis, A. sureyanus, A. saldae,
A. meridionalis and A. transgrediens species are the
most affected species, it is predicted that the popula-
tion and habitats of other species will be under great
threat in the near future (Freyhof and Yogurtguoglu
2020; Giiglii and Giiglii 2022).

The Biiyiik Menderes River basin, which borders
the Lakes Region, is also adversely affected by arid
and intense anthropogenic effects. One of the places
where this effect is best observed is the Isikli Lake
wetland. Although there are many studies on biodi-
versity in the mentioned wetland, there is no ecolog-
ical information about the Anatolicthys maeandri-
cus species that is distributed in Isikli Lake and its
spring. In addition, there is no information about the
status of this habitat due to drought and anthropo-
genic effects in recent years.

In the study, on the basis of our habitat obser-
vations, fish sampling and population studies of the
last 10 years in the region, we assess the state of the
populations of endemic Anatolichthys maeandricus in
the Isikl1 Lake and the Isikli Spring, which are typi-
cal habitats for it, and are also subject to negative
drought and anthropogenic impacts.

MATERIAL AND METHODS

Sampling sites. Anatolichthys maeandricus indi-
viduals (Fig. 1) were sampled seasonally (August and
October 2021, February and April 2022) from Isikl
Spring (38°19'19"N; 29°51'07"E) and two locations
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Fig. 1. Anatolichthys maeandricus: A — female, total length 5.0 cm; B — male, 4.0 cm.

of Isikli Lake: on the north (Beydilli, 38°15'29"N;
29°55'17"E) and south-west (Sungurlu, 38°12'07"N;
29°51'27"E) (Fig. 2). In the lake, we used 5 and
15 mm mesh apertures in coastal friction, nets (grab-
bing) and scoops with 5 mm mesh. In the spring area,
we used electro chock device and scoops.

Area studied. Isikli Lake is a wetland located in
the upper basin of the Biiyiik Menderes River with
a maximum depth of 7 m. The lake is fed by Akcay,
Isikli Spring, groundwater and two major branches
of Biiyiitk Menderes River in the upper basin (Kiifi
Stream and Karadirek Stream) (Lahn 1948). The ap-
proximate lake area at normal water level is 64.53 km?
and its height above sea level is 821 m (ilhan and Balik
2003). Isikli Lake was a marshy area formerly located
in the Civril-Dinar tectonic depression basin (Lahn
1948). Since the lake area expands and damages the
surrounding settlements and agricultural lands when
there is abundant rainfall, the flood protection works
initiated by DSI (State Hydraulic Works) in 1949
were completed in 1968, and the western, southern and
eastern shores of the lake were surrounded by a dam

(Yarar and Magnin 1997). After that, the lake became
a dam lake. Isikli Lake is today used as a reservoir to
store water for large-scale irrigations in the surround-
ing plains. In the lake, Chondrostoma meandrense
Elvira, 1987 (Leuciscidae, endemic), Barbus xanthos
Giiclii, Kalayc, Kiigiik et Turan, 2020 (Cyprinidae,
endemic), Gobio meandricus Naseka, Erk’akan et
Kiiciik, 2006 (Gobionidae, endemic), Pseudophoxinus
maeandricus (Ladiges, 1960) (Leuciscidae, endemic),
Luciobarbus kottelati Turan, Ekmekei, Ilhan et Engin,
2008 (Cyprinidae, endemic), Cobitis simplicispina
Hanko, 1925 (Cobitidae, endemic), Cyprinus carpio
Linnaeus, 1758 (Cyprinidae, native), Esox lucius Lin-
naeus, 1758 (Esocidae, native), Tinca tinca (Linnae-
us, 1758) (Tincidae, native), Carassius gibelio Bloch,
1782 (Cyprinidae, exotic), Carassius auratus (Linnae-
us, 1758) (Cyprinidae, exotic) and Gambusia holbroo-
ki Girard, 1859 (Poeciliidae, exotic), fish species are
distributed (Giiglii et al. 2013).

Isikl1 Spring are located approximately 8 km
northwest of Isikli Lake. Spring waters feed Isikli
Lake via the Kiifi Stream and have high productivity.
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Fig. 2. Sampling areas in West Anatolia, Tiirkiye.

The source provides 22.9% of the amount of water en-
tering the lake with the highest current amount. The
spring waters were connected to the Kiifi Stream in
1963 through a drainage channel (Ceylan 1998). In
the spring, Barbus xanthos (endemic), Chondrostoma
meandrense (endemic), Garra menderesensis Kigiik,
Baygelebi, Giiclii et Giille, 2015 (Cyprinidae, en-
demic), Pseudophoxinus maeandri (Ladiges, 1960)
(Leuciscidae, endemic), Gobio meandricus (ende-
mic), Squalius carinus Ozuluget Freyhof, 2011 (Leu-
ciscidae, endemic), Oxynoemacheilus germencicus
(Erk’akan, Nalbant et Ozeren, 2007) (Nemacheili-
dae, endemic) and Gambusia holbrooki (exotic), fish
species are distributed (Giiglii et al. 2013).

Methods. The care of experimental fishes was
consistent with the Republic of Tiirkiye animal wel-
fare laws, guidelines and policies approved by Isparta
University of Applied Sciences Local Ethics Com-
mittee for Animal Experiments (permit reference
number 2020/001).

Specimens were measured to the nearest 0.01 cm
total length (TL) and weighted to the nearest 0.01 g
total weight (W). The age was determined from
scales taken from the left side of the body, between
the end of the pectoral fin and the beginning of the
dorsal fin. Observations were made using a stereo-
scope with transmitted light.

The sexes were determined externally as the spe-
cies showed sexual dimorphism. Female and male
ratio were determined according to age. The over-
all ratio of males to females was evaluated with »?
test (0.05) (Diizgiines et al. 1995). Total length and
weight in frequency distributions for all specimens
were calculated.

The relation of weight to total length established
using the exponential regression equation W= a.TL®,
where Wwas the body weight in g, TL the total length
in cm, “@” is intercept and “b” is regression coefficient.
The coefficient of determination (R?) was also esti-
mated (Ricker 1975).
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The growth of the Anatolichthys maeandricus
population was estimated with the following Von
Bertalanffy growth equations: Lt = Loo (1 — e #¢-@),
where Lt is the total length in cm at age “¢”, Loo the
average asymptotic length in mm, & the body growth
coefficient, “¢o” the hypothetical age and “a” and “b”
constants (Le Cren 1951). The statistical significance
level of the coefficient of determination (R?) and 95%
confidence intervals (95%CI) of b were also estima-
ted (Zar 1999). Comparison of the difference of slope
value from b = 3 (isometric growth) for all species,
Pauly’s t-test was performed (Pauly 1984).

Pauly’s t-test was calculated as:

o S, b-3| ns3
SdlogW Y, 1- 7“2
where Sd,r. is the standard deviation of the logTL
values, Sdi,gw is the standard deviation of the logW
values, n is the number of fish species used in the com-
putation. The value of b is different from 3 if ¢ value
is greater than the tabled ¢ values for n — 2 degrees
of freedom (Pauly 1984). Measured total length and
calculated total length in Von Bertalanffy growth
equation were evaluated with t-test (0.05). Average
growth performance (@', phi prime) was calculated
with the formula @' = Log k + 2 * Log Lo (Gayani-
lo et al. 1988). Fulton’s coefficient of condition factor
was calculated by Cf = (W/TL3) x 100 (Sparre and
Venema 1998). The digestive tract and stomach con-
tents (15 individuals seasonally) were examined and
given as a percentage. A stereo microscope was used
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to identify food particles. (Edmondson 1959, Tanyo-
lag 2000).

RESULTS

A total volume of Anatolichthys maeandricus
samples is 233 and 157 specimens from the Igsikli
Spring and Igikli Lake. The age ranges were deter-
mined as I-1V in Isikli Lake and I-V in Isikl1 Spring
(Table 1). Dominated by fish of age groups I and II.
In the Isikli Lake population, 49.68% of the fish exa-
mined were males and 50.32% were females; in the
Isikli Spring, there were 43.78% males and 56.22%
females. The general ratio of male to female individu-
als is 0.98: 1.00 (p > 0.05) in the population of Isikli
Lake; in the Isikli Spring, it is 0.78: 1.00 (p < 0.05)
(Table 1). The length and weight range of A. maean-
dricus was determined between 1.54—5.96 cm, 0.06—
4.69 g in Isikl1 Lake, and 1.73—4.97 cm, 0.07-4.60 g
in Isikli Spring.

The Von Bertalaffy growth equations of A. mae-
andricus populations are respectively, Lt = 22.58
(1_6700408 (t+70.303)) and Lt = 2760 (1_870.0304 (t+0,554))
(Fig. 3). The differences between observed and ex-
pected total lengths were found to be statistically in-
significant in all age groups (except Isikli Spring po-
pulation V age group) (Table 2). The average growth
performance (@', Phi Prime) was calculated as 1.31 of
Isikli Lake and 1.36 Isikli Spring.

Calculated total length-weight relationships of
populations of A. maeandricus in Isikli Lake and

Table 1. Age range and sex ratio in two populations of Anatolicthys maeandricus.

Age groups Females Males All specimens M:F
N %N N %N N %N
o I 35 22.29 54 34.39 89 54.69 1.54:1.00 (p<0.05)
= 11 21 13.38 17 10.83 38 24.20 0.80:1.00 (p<0.05)
: 111 8 5.10 5 3.18 13 5.28 0.63:1.00 (p<0.05)
E,A v 15 9.55 2 1.27 17 10.83 0.13:1.00 (p<0.05)
Total 79 50.32 78 49.68 157 100 0.98:1.00 (p>0.05)
Females Males All specimens M:F
N %N N %N N %N '
I 61 26.18 28 12.02 89 38.20 0.45:1.00 (p<0.05)
E"’ 11 24 10.30 58 24.89 82 35.19 2.41:1.00 (p<0.05)
& 111 22 9.44 16 6.87 38 16.31 0.72:1.00 (p<0.05)
= v 16 6.87 - - 16 6.87 0.00:16.00 (p<0.05)
2 \4 8 3.43 - - 8 3.43 0.00:8.00 (p<0.05)
Total 131 56.22 102 43.78 233 100 0.78:1.00 (p<0.05)

Note. M:F — males to females ratio; N — number of specimens; N% — percentage in sample.
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Fig. 3. Von Bertalanffy growth formula and curves for populations of Anatolichthys maeandricus from the Isikl1 Lake (a) and Isikli

Spring (b).

Isikl1 Spring are visually represented (Fig. 4, Tab-
le 3). The b value of of this relationship was calculated
as 3.2194 in the population of Isikl1 Lake and 3.3567
in the population of Igikl1 Spring. The regression co-
efficient (R?) values were found to be 0.9938 for Isikl1
Lake and 0.9917 for Isikl1 Spring (Fig. 4, Table 3).

The mean value of the condition factor was calculat-
ed as 1.85 in Isikl1 Lake population and 1.84 in Isikl1
Spring population (Table 3).

In order to determine, the contents of the diges-
tive tract and stomach were examined and were gi-
ven as % (Table 4). It was determined that Gammarus



Endemic fish Anatolichthys maeandricus in Anatolia 739
Table 2. Measured average length and calculated average length (cm) in two populations of Anatolicthys maeandricus.
Measured average length (cm) Calculated average length (cm)
Age groups - - t test
Lake Spring Lake Spring
I 2.40 2.43 1.16 1.27 p>0.05
11 2.97 3.04 2.02 2.06 p>0.05
111 4.10 3.95 2.84 2.82 p>0.05
v 4.73 4.69 3.63 3.56 p>0.05
% - 5.32 - 4.28 p<0.05
Notes. I-V — age groups. The calculation is made according to the von Bertalanffy growth equation.
5 5
4,5 4,5
4 W = 0.0147L3-21%4 4 W = 0.012213:3567
R=0.9938 n=157 R=0.9917 n=233 ®
3,5 3,5
3 3
2,5 35
2 2
1,5 1,5
1 1
0,5 0,5
0 0
0 2 4 6 8 0 2 4 6 8

Fig. 4. Length-weight relationships for populations of Anatolichthys maeandricus from the Isikli Lake (a) and Isikli Spring (b).

Table 3. Length-weight relationship parameters and condition factors of populations of Anatolicthys maeandricus in Isikli Lake and

Isikli Spring.
. 95% confid interval
Locality a b R? conb (EISICEe)m erva t-test P CF Growth type
Isikl Lake 0.0147 3.2194 09938  3.1858-3.2987 (+0.024)  5.892 <0.001  1.85 + Allometry
Isikli Spring 0.0122  3.3567  0.9917  3.2986-3.3812(*¥0.071)  6.125 <0.001  1.84 + Allometry

Notes. CF — condition factor; P — P value; SE — standart error.

sp. (24.56%), Chironomid (19.25%) and Diptera
(10.20%) were generally found in the digestive tract
of the Isikli Lake population. In the digestive tract of
the Isikl1 Spring population, Gammarus sp. (66.25%)
and Chironomid (20.83%) are dominant.

DISCUSSION

Many studies have been carried out to determine
the molecular taxonomic and population characteris-
tics of Anatolichthys. However, most of the studies on
the determination of ecological characteristics didn’t

go beyond the studies of the length-weight relation-
ship. There are 3—4 publications that reveal all the
growth parametersof the species belonging to the ge-
nus (Table 5).

In this study, the ages of Anatolichthys maeandri-
cus ranged from I to V. The age range of small fish
species is limited (Nikolsky 1980). Nikolsky (1980)
suggested that the status of a wide age distribution
in a population should be regarded as an indicator of
adequate levels of nutrients in the water system. Age
ranges are similar to studies of other Anatolichthys
species (Table 5).
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Table 4. The content of the digestive tract (%) of Anatolicthys maeandricus in the populations of Isikl1 Lake and Isikli Spring.

August 2021 October 2021 February 2022 April 2022 Total

Lake Spring Lake Spring Lake Spring Lake Spring Lake Spring
Amphipoda
Gammarus sp 5.48 51.47 - 94.83 69.77 53.84 4.55 72.37 24.56 66.25
Branchiopoda
Bosmina sp 34.25 - - - - - - - 8.54 -
Daphnia sp - - 20 - - - - - 6.01 -
Bivalvia - - - - 4.65 - - - 1.02 -
Nematoda 1.37 1.47 20 - 2.33 - - - 8.36 0.12
Insecta
Ephemeroptera 1.37 - - - - - - - 0.21 -
Chironomid 24.66 32.29 20 1.72 2.33 19.23 22.72 18.42 19.25 20.83
Diptera - - 20 - 6.25 - - 1.32 10.20 0.13
Oligochaeta 5.48 7.35 - - 2.33 7.69 13.64 1.32 8.35 1.36
Fish
Vertebra 1.37 1.47 - - - 7.69 - - 0.21 2.03
Scale 19.18 1.47 20 - - - 18.18 2.63 121 1.69
Others
Plant Parts 6.85 - - - 4.16 - - - 0.98 -
Empty - 1.47 - 3.45 6.25 11.54 - 3.95 0.21 7.59

While the ratio of A. maeandricus females to
males is 0.98:1.00 in Isikli Lake, it is 0.78:1.00 in
Isikli Spring. While Isikli Lake M:F ratio is close to
1.00:1.00, which should be in nature, Isikl1 Spring
M:F ratio was observed differently. According to Ni-
kolsky (1980), the sex ratio varies significantly from
species to species; but in most species it is close to 1.
Sex differences may be due to males living shorter and
maturing earlier, sexual differences in growth, mor-
tality rates, or reproductive energy costs. In addition,
it is suggested that the dominance of one sex over the
other may be due to different behaviors that lead to
an easier capture of one sex and differences in mortal-
ity rates of the sexes (Ghafouri et al. 2019). The fact
that the Isikli Spring M:F ratio was out of the expect-
ed ratio in our study is probably due to the sampling
method. The M:F ratio in our study was found to be
compatible with some of the studies conducted with
other Anatolichthys species and inconsistent with
others (Table 5). These differences may be shaped by
hunting gear, sample size and species. The number of
females is also dominant in A. maeandricus. This will
provide a crucial advantage for the species’ reproduc-

tive success in the habitat and will be a decisive factor
for a thriving population. In addition, it is seen that
female individuals are larger in total length than male
individuals at all ages.

Differences in growth parameters may be due
to ecological differences between study areas, wa-
ter temperature, water quality and amount of nutri-
ents in the environment. The differences between
observed and expected total lengths were found to
be statistically insignificant in all age groups (ex-
cept Istkli Spring population V age group) (Table 2).
While the Isikli Lake population of the species is seen
to have reached a maximal calculated length Loo of
22.58 cm, the Isikl1 Spring population will reach a Loo
of 27.60 cm (Fig. 3).

It is thought that differences of the Loo value may
vary depending on fish species, water temperature,
environment and feeding (Table 5). In large lentic
systems, water temperatures change according to the
seasons and can reach high values in summer. In our
study, temperature differences between seasons are
also clearly seen in Igikl1 Lake. Water temperatures
in the Isikl1 Lake are: 23.1°C in May 2021, 11.0°C in
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Table 5. Comparison of growth parameters of Anatolichthys species reported in different studies in Tiirkiye.

Species Lokality Ref| N |Age Range| SL (cm) M:F Lo k 0 | & a b R2 CF
A.iconii Egirdir Lake 11522 I-IV [1.67-5.03|/1.07:1.00| 54.51 | 0.279 |-1.345 - | 0.0136 | 3.1894 | 0.6864 -
A. transgrediens | Acigol Lake 2 | 160 - 2.30-3.40/0.11:1.00| - - - - | 0.0237 | 2.732 0.936* -
A. marassantensis | Kizilirmak River | 3 | 45 - 1.70-4.60| - - - - - | 0019 | 2.987 0.96 |1.92
A. danfordii Hirfanli reservoir | 4 | 758 - 1.47-6.68| - - - - | - |-2.1538] 3.668 095 |1.72
A. fontinalis gﬁ;gi‘;h Lake, 51107| - |2.00-5.30] - - - ~ | — 00094 | 3.256 | 0961 |1.07
A. danfordii gg‘iﬁf aaaglar | ¢ |45l 011 |1.80-5.001.02:1.00| 5149 | 5.945 |0.502 — | 00139 | 31641 | 0.987% | —
A. sureyanus Burdur Lake 7 1460 0-1V |0.95-4.95/1.54:1.00| 7.52 | 016 |-1.69| — g:gg;g‘;’ g:iggg‘;’ ggggg ‘;’: 0.93
A. danfordii Hirfanl reservoir | 8 2234 0-I [129-6.86/0.83:1.00| ' "0 2737 — 10000004 3.44 | 0977 | -
A.iconii Egirdir Lake 9 | 166 - 2.30-5.57 - - - - - 100.0091| 3.28 0.973 -
A. marassantensis |Hirfanl reservoir | 9 | 385 - 2.39-6.60| - - - - | = ] 00111 | 340 0.965 | -
A. saldae Salda Lake 9|76 - |387-6.01| - - - - | -] 00121 | 286 | 0953 | -
A. sureyanus Burdur Lake 9 |53 - 2.37-4.67| - - - - | = 10009 | 3.1 0954 | -
A.transgrediens |Acigol Lake 9 113 - 1.78-5.41| - - - - | = 00095 | 3.30 0.983 | -
A. villwocki gﬁ;‘;; Stream- | g | g0|  _  |160-704 - - - | = | =] oot7 | 326 | 0982 | -
A. asquamatus Hazar Lake 9|87 - 2.24-3.83 - - - - - | 0.0061 | 3.44 0.973 -
A. fontinalis Salda Lake 9 | 50 - 213-5.62| - - - - - | 0.0094 | 3.36 0.982 -
A.iconii Egirdir Lake 101206 | I-IV 2.1-4.2 |1.31:1.00, - - - - | 0.0152 | 2.7132 0.92 -
A.saldae Salda Lake 10 | 525| I-IV  |2.80-5.20|5.56:1.00| - - - — | 0.0133 | 2.5869 0.91 -
A. sureyanus Burdur Lake 10 350 | 0-IV | 1.2-4.5 |0.41:1.00| - - - - | 0.0077 | 3.2207 | 0.96 -
A.transgrediens |Acigol Lake 10165 I-V 2.0-6.1 |1.54:1.00| - - - | — | 00118 | 3.0274 | 0.97 -

Gokpinar Spring,
A.meridionalis Dalaman River 111108 | I-IV |1.91-4.28|0.74:1.00 | 22.97 | 0.0304 |-2.8341.21| 0.0112 | 3.4638 | 0.9793 |1.84
basin
A.maeandricus  |Isikl1 Lake 12 (157 | I-IV  |1.54-5.96/0.98:1.00| 22.58 |-0.0408/-0.303| 1.31| 0.0147 | 3.2194 | 0.9938 |1.85
A. maeandricus I§1k11 Spring 121233 I-v 1.73-4.97(0.78:1.00 | 27.60 |-0.0304-0.554/1.36| 0.0122 | 3.3567 | 0.9917 |1.84

Notes. Ref — References: 1 — Giiglii 2012; 2 — Sari et al. 2017; 3 — Birecikligil et al. 2016; 4 — Kirankaya et al. 2014; 5 — Innal et al. 2016;
6 — Karsli and Oral 2010; 7 — Giiglii et al. 2007; 8 — Yogurtcuoglu and Ekmekgi 2013; 9 — Yogurtcuoglu and Ekmekgi 2015; 10 — Innal
etal. 2019; 11 — Giiglii 2022; 12 — present study.

October 2021, 2.5°C in February 2022 and 22.0°C
in April 2022. In Isikli Spring, the water tempera-
ture is at an almost constant temperature of 15-16°C
(15.4°C in May 2021, 16.1°C in October 2021, 14.8°C
in February 2022 and 15.0°C in April 2022) through-
out the year. It is stated that the Loo value increases
inversely with the decrease in temperature (Nikolsky
1980). However, the opposite of what Nikolsky, 1980
stated, occurred in our study.

The length-weight relationship of A. maeandricus
showed positive allometry in Isikli Lake and Isikli
Spring (Table 3). Usually a shorter size range and
to be a lot of smaller fish can result in a higher b-va-
lue because small and juvenile fish often have a more

“round” body and become more fusiform with age
(Froese 2006). Positive allometric growth was ob-
served in studies with other Anatolichthys species
(Table 5). Length-weight relationship regression co-
efficient (R2) values of Isikli Lake and Isikli Spring
populations were calculated as 0.9938 and 0.9917,
respectively. This situation reveals that the increase
in regulation in the total length-weight relationship
shows an insignificant deviation. The regression co-
efficient R2 value is generally similar to other studies
(Table 5).

It was determined that there are generally Gam-
marus sp. (24.56%), Chironomid (19.25%) and Di-
ptera (10.20%) in the digestive tract of the Isikl1 Lake
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Anatolichthys maeandricus population. In the diges-
tive tract of the Isikli Spring population, Gammarus
sp. (66.25%) and Chironomid (20.83%) are domi-
nant. A total of 13 different organisms were detected
in the stomach and digestive tract of A. maeandricus.
This is proof that there is sufficient food in both the
lake and the spring. With the relatively high dietary
diversity, A. meandricus is similar to, for example,
A. sureyanus from Lake Burdur (Giiglii et al. 2007),
which feed on a variable organisms of phytoplank-
ton, zooplankton and benthos. In contrast, the lake
endemic A. burduricus, feeds on a limited diet, with
zooplankton being the most consumed food.

The fact that Anatolichthys maeandricus feeds
on both adult Diptera and its larvae found during
the study indicates that this species can also feed in
the sediment zone. In some periods, samples of dia-
toms and green algae accompanied by high amounts
of mud and sand were found in the digestive tracts
of fish. Similarly, in the study conducted on A. iconii
in Lake Egirdir (Giiglii 2012), it was determined that
the main nutrients of the species were Bacillariophy-
ta, Gammarus pulex and aquatic insects.

Anatolichthys maeandricus is found in the Biiytik
Menderes River Basin and forms dense populations
in Isikli Spring and Isikli Lake. However, with the
warming caused by global climate change in recent
years, the region where the species spread has also
taken a large share of drought. In May 2021, the wa-
ter retention of the lake and spring was observed to
be relatively good. However, there was an 8—10 m
channel excavated parallel to the lake shore, which is
opened for fishing boats to come out when the lake
water is low and worsened the water regime. In the
years 2021-2022, when the study was conducted,
we observed periodic drought. A large part of Isikli
Lake dried up due to drought and low precipitation
regime during sampling in August 2021. The drought
continued partly in October 2021, although the level
of the lake increased slightly in February 2022, with
precipitation beginning in early winter and in April
2022. In addition to drought, habitat destructions
have also been determined from time to time in Isikl1
Lake. All these reasons may endanger the condition
of fish species in Lake Isiklx.

Isikli Spring, on the other hand, has been partially
and slightly affected by drought, however direct hab-
itat destruction is observed here. The Kifi Stream,
which feeds the spring, was cut off by a dam and its
entrance to the spring was prevented. In addition,

Giigli and Celik

during October 2021 sampling, it was observed that
the water of the source was completely blocked be-
cause it was given for the supply of rainbow trout On-
corhynchus mykiss (Walbaum, 1792) farm with the
creation of a small artificial stream. In addition, it can
be assumed that O. mykiss, escaped from the trout
farm or deliberately released into the environment,
may soon begin to put pressure on A. maeandricus, as
the habitat of the latter is very limited here (only a few
hundred square meters). Another endangered fish,
Pseudophoxinus maeandri (Ladiges, 1960), included
in the ITUCN Red List, which shares the same habitat
is also affected by this situation. During the Febru-
ary 2022 sampling, this situation continued. Besides
in the source base, all aquatic plants were cleaned,
and concrete was poured and piles were driven. In the
April 2022 sampling, it was observed that the source
looked completely like a swimming pool. This habi-
tat destruction at the source has put the existence of
A. maeandricus in the source in great danger.

As a result, although the growth rates of A. mae-
andricus show positive values in Isikl1 Lake and Isikl1
Spring; presence of invasive O. mykiss species in the
source, adverse effects of drought in the lake and hab-
itat destruction at the source will adversely affect the
future of the species and may cause the species to be-
come extinct in the near future. In this respect, the
necessity of protecting the localities where the spe-
cies is distributed and the continuity of the follow-up
of the species will emerge.

Funding: This research was funded by the TU-
BITAK 2209A Project-The Scientific and Techno-
logical Research Council of Tiirkiye. This study was
presented as an oral abstract at the I'V. International
Agricultural, Biological and Life Science Conference
(AGBIOL2022), Edirne-Tiirkiye.
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