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ABSTRACT 

Anatolichthys marassantensis widely distributed in Kızılırmak drainage, and few records also 
available from Yeşilırmak drainage. However, the existing literature has not provided a morpho-
logical comparison between Kızılırmak and Yeşilırmak populations in a systematic approach. The 
present study examines, for the first time, the morphology/morphometry of A. marassantensis 
from both of the drainages based on additional material from Simenlik-Akgöl Lagoon Lake in 
Yeşilırmak drainage and published data (type materials) from Kızılırmak River. A total of 40 spec-
imens from Simenlik-Akgöl Lagoon were compared for morphometric and morphological charac-
ters with the type measurements. According to the results of this study, morphological characters 
largely overlapped between selected populations of Yeşilırmak and Kızılırmak Rivers. The results 
obtained from this study clearly demonstrate the presence of A. marassantensis in a new location 
in the Yeşilırmak drainage with consistent morphological data. 

Keywords:  Anatolichthys marassantensis, Simenlik-Akgöl Lagoon Lake, Aphaniidae,          
New record
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Introduction 
Freshwater fish diversity and endemism are high in im-
portant biodiversity hotspots such as the Caucasus, Iran-
Anatolia, and the Mediterranean basin (Perea et al., 2010). 
Türkiye has a rich diversity and endemism in terms of 
freshwater fish, because of having both European- and 
Asian origin species (Tarkan et al., 2015).  Killifishes of 
the family Aphaniidae is one of the largest groups of fishes 
in the Western Palaearctic and represented by the highest 
number of species in Central Anatolia (Hrbek & Meyer, 
2003; Freyhof &Yoğurtcuoglu, 2020). The killifishes in 
Anatolia are also unique such that represented by four gen-
era, two of which are endemic, i.e. the monospecific 
Kosswigichthys and the most species-rich genus Anatolich-
thys. While many of the species of Anatolichthys are re-
stricted to a single lake basin with a definite distribution, 
others are widely distributed over a wide range in larger 
river drainages with poorer data on their ranges. Anatolich-
thys marassantensis is one of such wider species distrib-
uted in Kızılırmak and Yeşilırmak drainages. 
Freyhof & Yoğurtçuoğlu (2020) reported that 21 species of 
killifishes are distributed in Anatolia and many of which are 
threatened and poorly explored. The populations from 
Kızılırmak and Sultan marshes were collectively treated as 
Aphanius danfordii until the description of populations from 
Kızılırmak River drainage as A. marassantensis by Pfleiderer 
et al. (2014). Since that time, Anatolichthys marassantensis 
was demonstrated particularly from Hirfanlı Reservoir and 
Kızılırmak River Delta (Yoğurtçuoğlu & Ekmekçi, 2013).  
Gül and Atasağun (2022) have reported from Delice River 
(Kızılırmak). Hrbek et al. (2002) reported population from 
lower Yeşilırmak River. Yoğurtçuoğlu & Ekmekçi (2017) 
have reported new records of the Aphanius marassantensis 
from Central Yeşilırmak, and Benzer (2018) have reported 
from Süreyyabey Dam Lake from Yeşilırmak. After a recent 
taxonomic revision the species of A. anatoliae group was re-
transferred to Anatolichthys (Freyhof & Yoğurtçuoğlu, 
2020). 

Although these publications has tried to reveal the exact dis-
tribution of Anatolichthys marassantensis, none of them pro-
vided a morphological comparison between Kızılırmak and 

Yeşilırmak River populations. Therefore, the aim of this 
study is to test if populations from Kızılırmak and Yeşilırmak 
River differed. Moreover, improving the knowledge of the 
distribution of A. marassantensis is crucial in order to ade-
quately inform conservation planning and thus guarantee its 
long-term survival. In this study, we have proved the occur-
rence of A. marassantensis in the Simenlik-Akgöl Lagoon 
Lake from Samsun. Also, A. marassantensis is a new record 
for this area and fish fauna of Samsun. 

Material and Methods 

Sampling Site  

Simenlik-Akgöl Lagoon Lake is located in 25 km to the cen-
ter of Terme in the province of Samsun. This area is located 
within the borders of the Yeşilırmak Delta. Simenlik Lake, 
with an area of 80 hectares and a delta depth of 0.5-3 m, con-
nects to the Black Sea by a channel from the northwest; it 
creates a lagoon complex by linking to Akgöl, which has an 
area of 50 hectares and an average depth of 3 m, via a channel 
from the southeast (Anonymous, 1990). Simenlik Lake and 
its surrounding lakes and wetlands (16043.0 he) were first de-
clared as a conservation area in 1975 (Anonymous, 2013; 
Karaer et al., 2017). After this decision, Simenlik-Akgöl La-
goon Lake and other aquatic ecosystems around it were eval-
uated together and taken under protection. The fact that Si-
menlik Lake is connected to the Black Sea as a result of rising 
water levels during rainy seasons affects the lake's salinity. 
As a result, numerous freshwater animals are impacted by this 
situation (Karaer et al., 2017). Anatolichthys marassantensis 
samples were collected from the following coordinates, 
41°16' 41.952" N - 36°56'29.868" E. Mugil cephalus, Mugil 
saliens, Esox lucius, Carassius gibelio, Tinca tinca and Abra-
mis brama were recorded from Simenlik by Uğurlu (Helli) & 
Polat, 2003. In addition, Uğurlu et al. (2008) and Polat & 
Uğurlu (2011) were added Syngnathus abaster, Platichthys 
flesus, Atherina boyeri, Gasterosteus aculeatus, Neogobius 
melanostomus and Proterorhinus marmoratus to fish fauna 
of Simenlik-Akgöl Lagoon Lake. We followed Eschmeyer's 
Catalog of Fishes (Fricke et al., 2022) for the most recent and 
valid taxonomy.   
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Table 1. Morphometric data of Anatolichthys marassantensis from Terme Stream (Black Sea-Türkiye) 

Morphological variables Holotype 
This study  Pfleiderer et al. (2014) 

Female N=15  Male N=24  Female N=15  Male N=14 

Standard length (mm) 32.61 31.27-37.31  25.70-30.30  31.3-42.6  28.3-37.5 
In percent of standard length 
Head length 35.87 26.59-38.32 

(29.80 ±1.8) 
 27.41-40.73 

(33.89 ±0.6) 
 26.5-30.8 

(29.1 ±1.1) 
 27.9-32.2  

(30.5 ±1.2) 
Predorsal length 70.77 64.95-76.06 

(69.03 ±2.8) 
 62.18-75.40 

(66.68 ±0.7) 
 61.1-65.3 

(63.4 ±1.4) 
 57.0-63.0  

(60.5 ±1.8) 
Preanal length 72.79 68.91-79.36 

(74.48 ±1.5) 
 56.40-78.22 

(69.94 ±1.3) 
 68.4-74.6 

(70.8 ±1.7) 
 63.6-69.9  

(66.3 ±2.2) 
Prepelvic length 56.67 54.98-63.39 

(58.04 ±2.3) 
 50.48-70.17 

(58.27 ±0.9) 
 52.8-59.2 

(55.9 ±2.1) 
 51.1-55.6  

(53.5 ±1.3) 
Height of dorsal fin 16.56 12.82-24.18 

(18.58 ±3.1) 
 18.61-29.33 

(24.21 ±2.7) 
 *  * 

Length of dorsal fin base length 21.92 13.98-23.47 
(16.77 ±2.6) 

 17.18-25.39 
(21.40 ±2.3) 

 11.0-16.5 
(13.6 ±1.3) 

 14.6-20.1  
(17.4 ±1.5) 

Length of pectoral fin 13.95 12.03-18.04 
(14.09 ±1.6) 

 13.56-21.00 
(16.84 ±2.0) 

 12.6-17.1 
(15.4 ±1.0) 

 16.1-20.2  
(17.8 ±1.0) 

Length of anal fin base 14.54 9.47-15.98 
(12.40 ±1.9) 

 11.75-18.58 
(14.87 ±1.7) 

 8.9-11.3 
(10.0 ±0.7) 

 10.9-16.5  
(13.8 ±1.6) 

Length of pelvic fin 12.57 6.40-13.77 
(10.70 ±2.0) 

 9.70-17.26 
(12.29 ±2.1) 

 8.1-12.1 
(10.4 ±1.0) 

 12.0-14.2  
(12.7 ±0.6) 

Length of upper caudal fin lobe 18.89 17.85-25.70 
(20.94 ±1.8) 

 19.14-27.71 
(22.94 ±2.3) 

 *  * 

Distance between dorsal and caudal fin orgin 38.91 30.68-43.91 
(36.15 ±3.1) 

 26.79-65.06 
(41.33 ±2.9) 

 *  * 

Distance between pectoral and ventral fin 26.04 23.81-29.51 
(27.28 ±1.7) 

 19.07-30.31 
(23.91 ±2.8) 

 20.6-26.9 
(24.7 ±1.7) 

 20.3-26.7  
(20.3 ±1.8) 

Distance between ventral and anal fin 18.12 16.21-24.92 
(20.02 ±2.6) 

 14.97-28.17 
(19.14 ±2.9) 

 14.9-20.0 
(16.5 ±1.3) 

 12.4-17.4  
(14.4 ±1.5) 

Distance between anal and caudal fin 30.21 21.89-30.86 
(26.36 ±1.3) 

 25.73-34.58 
(30.40 ±2.7) 

 *  * 

Caudal peduncle length 17.54 15.47-21.49 
(17.90 ±1.6) 

 17.11-24.11 
(20.41 ±1.4) 

 16.3-18.7 
(17.3 ±0.7) 

 18.9-23.9  
(20.9 ±1.2) 

Minimum body depth 15.88 13.64-17.26 
(15.87 ±1.0) 

 16.54-22.40 
(19.27 ±1.4) 

 *  * 

Maximum body depth 29.90 29.48-37.08 
(31.79 ±2.1) 

 28.15-37.77 
(33.68 ±2.0) 

 19.2-24.5 
(21.6 ±1.6) 

 16.8-23.2  
(19.9 ±1.8) 

In percent of head length 
Head depth at eye 65.56 60.16-79.83 

(70.12 ±4.1) 
 54.52-82.69 

(68.90 ±3.8) 
 59.0-67.0 

(62.7 ±2.8) 
 61.0-72.0  

(64.0 ±2.9) 
Eye diameter 27.27 23.90-34.33 

(30.00 ±2.1) 
 22.77-43.41 

(30.70 ±1.2) 
 29.0-33.0 

(30.1 ±1.4) 
 30.0-35.0  

(32.2 ±1.6) 
Interorbital distance 32.81 29.97-46.53 

(38.08 ±2.7) 
 25.81-38.27 

(32.16 ±2.1) 
 38.0-43.0 

(40.4 ±1.5) 
 38.0-44.0 (40.7 

±2.1) 
Preorbital distance 16.15 14.76-29.56 

(21.50 ±3.1) 
 11.41-32.15 

(22.67 ±2.8) 
 *  * 

Postorbital distance 49.91 41.71-65.58 
(50.95 ±2.9) 

 41.26-63.57 
(50.16 ±3.8) 

 41.0-48.0 
(45.3 ±1.9) 

 40.0-45.0  
(42.7 ±1.5) 

Snout length 7.89 7.19-16.34 
(10.83 ±2.4) 

 6.07-15.50  
(9.97 ±2.0) 

 17.0-23.0 
(19.9 ±2.0) 

 16.0-21.0  
(18.5 ±1.4) 

*There is no data in Pfleiderer et al. (2014) 
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Morphological Analyses 

A total of 40 A. marassantensis individuals were collected 
from Simenlik-Akgöl Lagoon (Samsun) on 20 May 2021 
with an electro-fishing device. Fish were immediately fixed 
in 4% formaldehyde in the field and stored permanently in 
70% ethanol. Identification of the specimens was based on 
the morphological characters following Pfleiderer et al. 
(2014), Yoğurtçuoğlu & Ekmekçi (2017) and Freyhof & 
Yoğurtcuoğlu (2020). Sex determination was based on exter-
nal coloration of individuals. Weight was measured to the 
nearest 0.01 g. A total of 25 morphometric characters were 
measured from samples (Table 1). All measurements were 
made point to point taken on the left side of each specimen 
with a digital caliper by the same person according to 
Pfleiderer et al. (2014) and Kottelat & Freyhof (2007) (±0.01 
mm). Also, morphological data in Pfleiderer et al. (2014) 
were used for comprasions between specimens from 
Kızılırmak and Yeşilırmak drainages.  

Results and Discussion 

Türkiye is a very important fauna detection center due to its 
geological location. Periodic monitoring of ichthyofauna and 
updating fish fauna are very important due to global climate 
change. Our findings provide light on distribution of A. 
marassantensis. This study is very important as it is the first 
record of the species for the Yeşilırmak Lagoon Region (Si-
menit-Akgöl Lagoon). 

The general body shape of A. marassantensis from Simenlik-
Akgöl Lagoon Lake is displayed in Figure 1. The minimum 
and maximum total lengths and weights of the samples are 
32.63-45.26 mm and 0.60-1.89 g, respectively. And also, 
morphological data were offered in Table 1. Samples were 
sexed as 24 male and 16 female. The formulations of the fins 
are 9-10 branched rays in dorsal, 8-10 branched rays in anal, 
14-16 rays in pectoral. Caudal fin is truncate or rounded. 
There is sexual dimorphism between males and females. Col-
ouration varies between males and females (Figure 1). Males 
have 12–13 dark-brown lateral bars in flank. Pfleiderer et al. 

(2014) indicated 8-13 dark-brown lateral bars in flank of 
males. These differences observed in morphology and mor-
phometric measurements may be due to phenotypic plasticity 
and environmental variables. Also, in terms of fisheries man-
agement and biology, it is important to determine the pheno-
typic variations caused by environmental factors (Chen et al., 
2015; Freire et al., 2017; Chavarie et al., 2021; Schroeder et 
al., 2022). Dorsal and ventral profiles convex between tip of 
snout and dorsal- and anal-fin origins, rarely straight; straight 
or slightly concave along caudal peduncle. There are no lat-
eral bars in females. All characteristics of the captured sam-
ples were determined by comparing them with Pfleiderer et 
al. (2014). According to Pfleiderer et al. (2014), minimum 
and maximum total lengths are 28.3-42.6 mm, samples in pre-
sent study are bigger. However, the percentage values of mor-
phometric data at standard length and head length are similar 
with Pfleiderer et al. (2014).  

Although records were given from Kızılırmak and 
Yeşilırmak Basins in previous studies on A. marassantensis 
(Hrbek et al., 2002; Pfleiderer et al., 2014; Yoğurtçuoğlu & 
Ekmekçi, 2017; Benzer, 2018; Benzer, 2021a; Benzer, 
2021b; Gül & Atasağun, 2022), there is no record from Si-
menlik-Akgöl Lagoon, which is located in Yeşilırmak Basin, 
too (Figure 2-Table 2). The fact that the species was not found 
in previous studies carried out in the Simenlik-Akgöl lagoon 
may be related to the sampling gears. When the literature is 
examined, there are different studies about morphometry and 
phylogenetic of Aphaniid species (Wildekamp, 1993; Parker 
& Kornfield, 1995; Hrbek et al., 2002; Esmaeili et al., 2014; 
Teimori et al., 2014; Benzer, 2018; Esmaeili et al., 2020; 
Freyhof & Yoğurtçuoğlu, 2020; Kuyumcu, 2021). Molecular 
and morphometric investigations have corroborated taxo-
nomic classification of A. marassantensis (Pfleiderer et al., 
2014; Freyhof & Yoğurtçuoğlu, 2020).  

Documenting biodiversity data is of crucial importance for a 
first step in conservation studies. Here the exact and most re-
cent distribution data of endemic A. marassantensis is pro-
vided. 
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Table 2. Old and new records of Aphanius marassantensis from literature  
Drainage Province Coordinates References 
Kızılırmak Kayseri 38° 40' 0'' N 35° 17' 59" E Fredie 
Kızılırmak Kayseri 38° 41' 52'' N 35° 19' 62" E Hrbek et al. (2002) 
Kızılırmak Kayseri 38°23'25" N 35°21'56" E Freyhof et al. (2017) 
Kızılırmak Kırşehir 38°59′15'' N 34°06′58'' E Bardakci et al. (2004) 
Kızılırmak Ankara 39° 09' 32.4'' N 33° 36' 42.5'' E Yoğurtçuoğlu (2010) 
Yeşilırmak Çorum 40° 22' N 35° 13' E Yoğurtçuoğlu and Ekmekçi (2017) 
Yeşilırmak Çorum 40° 23'N 35° 15'E Yoğurtçuoğlu and Ekmekçi (2017) 
Yeşilırmak Çorum 40° 26' N 35° 16' E Yoğurtçuoğlu and Ekmekçi (2017) 
Kızılırmak Sinop 42° 21' 24'' N 35° 1' 5'' E Karsli and Aral (2010) 
Kızılırmak Ankara 39° 0' 0'' N 33° 01' 00'' E Yoğurtçuoğlu (2009) 
Kızılırmak Kırşehir 39° 00' 00'' N 33° 00' 00'' E Yoğurtçuoğlu (2009) 
Yeşilırmak Süreyyabey Dam-Yozgat 35°28' N 39°55' E Benzer (2018) 
Kızılırmak Karasu Brook 39° 19' 55.63" N 34° 48' 12.77" E Gül and Atasagun (2022) 
Kızılırmak Kanak Brook 39° 30' 22.40" N 34° 48' 12.77" E Gül and Atasagun (2022) 
Yeşilırmak Samsun-Simenlik-Akgöl Lagoon 41°16' 41.952" N 36° 56' 29.868" E This study 

 

 
Figure 1.  General body shape of Anatolichthys marassantensis (a) Female (35.81 mm SL), (b) Male (30.30 mm SL), black 

bar represents 10 mm 
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Figure 2. Distribution of Anatolichthys marassantensis in Kızılırmak and Yeşilırmak drainages 

Conclusion 
In this study, we report a new record of A. marassantensis 
from Simenlik-Akgöl Lagoon. The results of this study reveal 
that the existence of a new fish species has been recorded for 
the fish fauna of Simenlik-Akgöl Lagoon, and the distribution 
area of A. marassantensis has reached a different location in 
Yeşilırmak drainage. 

Studies on fish populations is important from various view-
points including evolution, ecology, behavior, conservation, 
water resource management, and stock assessment 
(AnvariFar et al., 2011). Unfortunately, changes in climatic 
conditions which are affecting the water regime, and anthro-
pological activities are the main threats for the basin and 
lakes. It is obvious that all of these negative factors will have 
a detrimental impact on the species' range. The study of ge-
netic stocks of endemic species and the identification of pop-
ulations will lead to the appropriate and successful manage-
ment of fish stocks. For all these reasons, a conservation strat-
egy should be created for A. marassantensis. 
 

Compliance with Ethical Standard 

Conflict of interests: The authors declare that for this article they 
have no actual, potential, or perceived conflict of interests. 

Ethics committee approval: Ethics committee approval is not re-
quired. 

Funding disclosure: - 
Acknowledgments: - 

Disclosure: - 

 
References 
Anonymous (1990). Karadeniz ve Marmara Kıyılarında 
Deniz Ürünleri Yetiştiriciliğine Uygun Olabilecek Alanlar, 
T.C. Tarım Orman ve Köyişleri Bakanlığı, Proje ve Uygu-
lama Müdürlüğü, Debçağ 95/G No’lu Proje Desteğinde TÜ-
BİTAK Matbaasında Basılmıştır, 31-34. 
 
Anonymous (2013). 2012 Yılı Samsun İl Çevre Durum 
Raporu. Samsun Valiliği İl Çevre ve Şehircilik Müdürlüğü. 
Samsun. 

https://doi.org/10.3153/AR22022


 
 

 

 

Aquat Res 5(3), 230-237 (2022)  •  https://doi.org/10.3153/AR22022                                                        Research Article 

236 

AnvariFar, H., Khyabani, A., Farahmand, H., Vatan-
doust, S., AnvariFar, H., Jahageerdar, S. (2011). Detection 
of morphometric differentiation between isolated up- and 
downstream populations of Siah Mahi (Capoeta capoeta gra-
cilis) (Pisces: Cyprinidae) in the Tajan River (Iran). Hydrobi-
ologia, 673(1), 41-52.  
https://doi.org/10.1007/s10750-011-0748-7 
 
Bardakçı, F., Tatar, N., and Hrbek, T. (2004). Genetic re-
lationships between anatolian species and subspecies of 
Aphanius nardo, 1827 (Pisces, Cyprinodontiformes) based 
on RAPD markers. Biologia, 59(5), 559-566. 
 
Benzer, S. (2018). New record of the Kizilirmak killifish 
(Aphanius marassentensis Pfleiderer, Geiger & Herder, 
2014) from Süreyyabey Dam Lake in Yeşilirmak basin. 
Mugla Journal of Science and Technology, 4(1), 41-45. 
 
Benzer, S. (2021a). Population structure and some growth 
properties of endemic Aphanius marassantensis Pfleiderer, 
Geiger & Herder 2014 in Süreyyabey Dam Lake, Turkey. 
Journal of Fisheries, 9(3), 93201-93201.  
https://doi.org/10.17017/j.fish.327 
 
Benzer, S. (2021b). Growth properties of endemic Aphanius 
marassantensis in Hirfanlı Reservoir, Turkey. Inland Water 
Biology, 14(6), 732-738. 
https://doi.org/10.1134/S1995082921060109 
 
Chavarie, L., Voelker, S., Hansen, M.J., Bronte, C.R., 
Muir, A.M., Zimmerman, M.S., Krueger, C.C. (2021). 
Temporal instability of lake charr phenotypes: Synchronicity 
of growth rates and morphology linked to environmental va-
riables?. Evolutionary Applications, 14(4), 1159-1177. 
 
Chen, P., Tzeng, T., Shih, C., Chu, T., Lee, Y. (2015). Mor-
phometric variation of the oriental river prawn (Macrobra-
chium nipponense) in Taiwan. Limnologica, 52, 51-58.  
https://doi.org/10.1016/j.limno.2015.03.002 
 
Cicek, E., Sungur, S., Fricke, R. (2020). Freshwater lam-
preys and fishes of Turkey; a revised and updated annotated 
checklist 2020. Zootaxa, 4809(2), 241-270.  
https://doi.org/10.11646/zootaxa.4809.2.2 
 
Coad, B.W. (2000). Distribution of Aphanius species in Iran. 
Journal of the American Killifish Association, 33, 183-191.  
https://doi.org/10.22531/muglajsci.396426 
 
Esmaeili, H.R., Teimori, A., Sayyadzadeh, G., Masoudi, 
M., Reichenbacher, B. (2014). Phylogenetic relationships of 

the tooth- carp Aphanius (Teleostei: Cyprinodontidae) in the 
river systems of southern and south-western Iran based on 
mtDNA sequences. Zoology in the Middle East, 60(1), 29-
38.  
https://doi.org/10.1080/09397140.2014.892329 
 
Esmaeili, H.R., Teimori, A., Zarei, F., Sayyadzadeh, G. 
(2020). DNA barcoding and species delimitation of the Old 
World tooth-carps, family Aphaniidae Hoedeman, 1949 (Tel-
eostei: Cyprinodontiformes). PLoS One, 15(4), e0231717. 
https://doi.org/10.1371/journal.pone.0231717 
 
Freire, J.L., Bentes, B., Fontes, V.B., da Silva, E.M. 
(2017). Morphometric discrimination among three stocks of 
Macrobrachium amazonicum in the Brazilian Amozon. Lim-
nologica, 64, 1-10.  
https://doi.org/10.1016/j.limno.2017.01.007 
 
Freyhof, J., Özuluğ, M., Saç, G. (2017). Neotype designa-
tion of Aphanius iconii, first reviser action to stabilise the us-
age of A. fontinalis and A. meridionalis and comments on the 
family group names of fishes placed in Cyprinodontidae (Tel-
eostei: Cyprinodontiformes). Zootaxa, 4294(5), 573-585. 
 
Freyhof, J., Yoğurtçuoğlu, B. (2020). A proposal for a new 
generic structure of the killifish family Aphaniidae, with the 
description of Aphaniops teimorii (Teleostei: Cyprinodonti-
formes). Zootaxa, 4810 (3), 421-451.  
https://doi.org/10.11646/zootaxa.4810.3.2 
 
Fricke, R., Eschmeyer, W.N., Van der Laan, R. (eds) 
(2022).  Eschmeyer's catalog of fishes: Genera, species, ref-
erences. (http://researcharchive.calacademy.org/re-
search/ichthyology/catalog/fishcatmain.asp). Electronic ver-
sion accessed 11 May 2022. 
 
Gül, G., Atasağun, S. (2022). Length-weight relationship 
and condition factor in the Delice River (Kızılırmak) Apha-
nius marassantensis population. EJONS International Jour-
nal on Mathematic, Engineering and Natural Sciences, 21, 
319-327.  
https://doi.org/10.38063/ejons.628 
 
Hrbek, T., Meyer, A. (2003). Closing of the Tethys Sea and 
the phylogeny of Eurasian killifishes (Cyprinodontiformes: 
Cyprinodontidae). Journal of Evolutionary Biology, 16(1), 
17-36.  
https://doi.org/10.1046/j.1420-9101.2003.00475.x 
 
Hrbek, T., Kucuk, F., Frickey, T., Stolting, K.N., 
Wildekamp, R.H., Meyer, A. (2002). Molecular phylogeny 

https://doi.org/10.3153/AR22022
https://doi.org/10.1007/s10750-011-0748-7
https://doi.org/10.17017/j.fish.327
https://doi.org/10.1134/S1995082921060109
https://doi.org/10.1016/j.limno.2015.03.002
https://doi.org/10.11646/zootaxa.4809.2.2
https://doi.org/10.22531/muglajsci.396426
https://doi.org/10.1080/09397140.2014.892329
https://doi.org/10.1371/journal.pone.0231717
https://doi.org/10.1016/j.limno.2017.01.007
https://doi.org/10.11646/zootaxa.4810.3.2
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp
https://doi.org/10.38063/ejons.628
https://doi.org/10.1046/j.1420-9101.2003.00475.x


 
 

 

237 

 

  Aquat Res 5(3), 230-237 (2022)  • https://doi.org/10.3153/AR22022                                                                Research Article 

 
and historical biogeography of the Aphanius (Pisces, Cyprin-
odontiformes) species complex of central Anatolia, Turkey. 
Molecular Phylogenetics and Evolution, 25(1), 125-137.  
https://doi.org/10.1016/S1055-7903(02)00203-8 
 
Karaer, F., Kutbay, H.G., Korkmaz, H. (2017). Terme’nin 
bitki biyoçeşitliliğinin ekosistem, vejetasyon ve floristik 
özellikler bakımdan değerlendirilmesi, C. Yılmaz, H., Kork-
maz (Eds), Terme’nin Biyoçeşitlilik ve Doğal Ortam Özel-
likleri (pp.135-198). Trabzon, Serander Yayınları, ISBN 978-
605-2104-03-3 
 
Karslı, Z., Aral, O., (2010). Population age, sex structure 
and growth of Aphanius danfordii (Boulenger, 1890) to Sari-
karaagaclar Stream, in Turkey. Journal of Animal and Veter-
inary Advances, 9(10), 1427-1431. 
 
Perea, S., Bohme, M., Zupancic, P., Freyhof, J., Sanda, R., 
Ozulug, M., Abdoli, A., Doadrio, I. (2010). Phylogenetic 
relationships and biogeographical patterns in Circum-Medi-
terranean subfamily Leuciscinae (Teleostei, Cyprinidae) in-
ferred from both mitochondrial and nuclear data. Bmc Evolu-
tionary Biology, 10, 1-27. 
https://doi.org/10.1186/1471-2148-10-265 
 
Pfleiderer, S.J., Geiger, M.F., Herder, F. (2014). Aphanius 
marassantensis, a new toothcarp from the Kizilirmak drain-
age in northern Anatolia (Cyprinodontiformes: Cyprinodon-
tidae). Zootaxa, 3887(5), 569-582.  
https://doi.org/10.11646/Zootaxa.3887.5.4 
 
Polat, N., Uğurlu, S. (2011). Samsun İli Tatlı Su Balık Fau-
nası. Ceylan Ofset, 272, Samsun. ISBN: 978-605-87638-0-7 
 
Schroeder, R., Schwingel, P.R., Correia, A.T. (2022). Pop-
ulation structure of the Brazilian sardine (Sardinella brasili-
ensis) in the Southwest Atlantic inferred from body morphol-
ogy and otolith shape signatures. Hydrobiologia, 849(6), 
1367-1381.  
https://doi.org/10.1007/s10750-021-04730-7  
 

Teimori, A., Esmaeili, H.R., Erpenbeck, D., Reichen-
bacher, B. (2014). A new and unique species of the genus 
Aphanius Nardo, 1827 (Teleostei: Cyprinodontidae) from 
Southern Iran: A case of regressive evolution. Zoologischer 
Anzeiger, 253(4), 327-337.  
https://doi.org/10.1016/j.jcz.2013.12.001  
 
Uğurlu, S., Polat, N. (2003). An investigation on fish fauna 
in Lake Simenit (Terme-SAMSUN). Science and Engineer-
ing Journal of Fırat University, 15(4), 485-494. 
 
Uğurlu, S., Polat, N., Kandemir, Ş. (2008). Fish fauna of 
lagoons within the Kızılırmak and Yeşilırmak Deltas (Sam-
sun-Turkey). Journal of FisheriesSciences.com, 2(3), 475-
483. 
 
Wildekamp, R.H. (1993). A world of killies. Atlas of the 
Oviparous Cyprinodontiform fishes of the World, Vol. 1. 
Mishawaka: American Killifish Association. ISBN: 
1883494036 
 
Yoğurtçuoğlu, B. (2010). Determination of reproduction and 
growth properties of killifish - Aphanius danfordii (Bou-
lenger, 1890) population in Hirfanli Dam Lake (Kirsehir-Tur-
key). Master’s Thesis, Hacettepe University, 70 pp, Ankara. 
 
Yoğurtçuoğlu, B., Ekmekçi, F.G. (2013). Life-history traits 
of Aphanius danfordii (Boulenger, 1890) (Pisces: Cyprino-
dontidae), endemic to Kizilirmak Basin (Turkey). Journal of 
Applied Ichthyology, 29(4), 866-871.  
https://doi.org/10.1111/jai.12036 
 
Yoğurtçuoğlu, B., Ekmekçi, F.G. (2017). New records of 
Kizilirmak toothcarp, Aphanius marassantensis from Central 
Yesilirmak River Basin (Turkey). Turkish Journal of Fisher-
ies and Aquatic Sciences, 17(1), 205-208.  
https://doi.org/10.4194/1303-2712-v17_1_22 
 
 
 
 
 
  

https://doi.org/10.3153/AR22022
https://doi.org/10.1016/S1055-7903(02)00203-8
https://doi.org/10.1186/1471-2148-10-265
https://doi.org/10.11646/Zootaxa.3887.5.4
https://doi.org/10.1007/s10750-021-04730-7
https://doi.org/10.1016/j.jcz.2013.12.001
https://doi.org/10.1111/jai.12036
https://doi.org/10.4194/1303-2712-v17_1_22

	Introduction
	Freshwater fish diversity and endemism are high in important biodiversity hotspots such as the Caucasus, Iran-Anatolia, and the Mediterranean basin (Perea et al., 2010). Türkiye has a rich diversity and endemism in terms of freshwater fish, because of...

