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Abstract: Osteological features are important to study the taxonomy and phylogenetic relationship 

of fishes. Since there is no information is available about osteological features of Squalius orientalis, 

therefore this study was aimed to provide a detailed description of the osteological features of this 

species from the Urmia lake basin of Iran and comparing it with population of S. orientalis from the 

Caspian Sea basin. For this purpose, the specimens were collected from Zarineh River of the Urmia 

lake basin and cleared and stained with alizarin red S and alcian blue for osteological examinations. 

Finally, a detailed osteological features of this species was provided and compared with those of the 

Caspian Sea basin. Based on the results, having a longer pre-vomer, dorsally oriented parasphenoid 

alar, longer ventral blade-shaped process of the orbitosphenoid, concaved masticatory plate, pointed 

ascending process of the palatine, concaved posterior margin of the opercle, and a small posterior 

process of the cleithrum can differentiate S. orientalis of the Urmia Lake basin from those of the 

Caspian Sea basin. In addition, the observed osteological difference suggest that both studied 

populations belong to same taxon. 

  
Introduction 

The genus Squalius Bonaparte, 1837 comprises 

medium-sized midwater fishes widely distributed in 

Europe and West Asia. The species of this genus 

were placed in Leuciscus Cuvier, 1816 (Coad, 2016; 

Turan et al., 2013), until morphological and 

molecular data showed that Leuciscus as earlier 

understood was paraphyletic (Bogutskaya, 1994; 

Zardoya and Doadrio, 1999; Coad, 2016). 

Approximately 45 species are recognized in this 

genus (Özuluğ and Freyhof, 2011) with 3 species, 

including S. lepidus, S. orientalis and S. cephalus 

reported from Iran (Jouladeh Roudbar et al., 2015a). 

The members of the genus Squalius were 

characterised by numerous total vertebrae 

(commonly more than 40, up to 48); increased 

number of sensory cephalic pores (up to 12-20 in the 

supraorbital canal) in most species; often fused and 

very expanded fourth and fifth infraorbitals; and 
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depressed neurocranium with a reduced interorbital 

septum. Other characters are a somewhat 

compressed body; moderate to large scales; a 

complete lateral line; no barbels; mouth terminal or 

subterminal; no notch in the upper jaw 

accommodating a tubercle on the lower jaw; thin lips 

with the lower one interrupted medially; a short 

dorsal fin without a thickened ray; a moderately long 

anal fin; long and hooked pharyngeal teeth in 2 rows 

(2,5-4,2, 2,5-5,2 or 3,5-5,3 modally) usually with 

hooked tips and spoon-shaped crowns; short gut; no 

keel on the belly; and short and relatively few gill 

rakers (Bogutskaya, 2002; Coad, 2016). 

The populations of the genus Squalius in Iranian 

part of the Caspian Sea basin was considered as 

S. orientalis (Esmaeili et al., 2014; Jouladeh 

Roudbar et al., 2015a). In addition, this species was 

reported from the Namak Lake, Urmia Lake and 

Dasht-e Kavir basins of Iran (Jouladeh Roudbar et 



216 
 

Vatandoust et al./ Osteology of Squalius orientalis from Urmia Lake basin, Iran 

al., 2015a, b; Ghasemi et al., 2015). Squalius 
orientalis described from Abkhazia, Georgia and 

S. turcicus described from Aras River at Erzurum, 

Turkey (Coad, 2016). Both species were given as 

subspecies of S. cephalus in previous studies (Kuru 

1975a, 1975b; Zengin et al., 2012). Both species 

have been listed as valid species by Turan et al. 

(2013). However, Coad (2016) put forward that 

S. orientalis and S. turcicus are synonym of 

S. cephalus. Therefore, this situation needs to be 

clarified. Since, the osteological characters are 

important diagnostic traits for interpreting 

systematics and phylogenetic relationships within 

Teleostei (Nybelin, 1973; Schultze and Arratia, 

1988; Arratia, 1999; Keivany and Nelson, 2004, 

2006). Hence, this study was conducted to provide a 

detailed descriptive osteology of S. orientalis from 

the Zarineh River, Urmia Lake basin and comparing 

it with those of S. orientalis from the Caspian Sea 

basin as well as to find out the taxonomic statue of 

those of the Urmia Lake basin. In addition, the 

results will provide a basis for further phylogenetic 

study of Iranian members of this genus based on 

osteological data. 

 

Materials and Methods 

Ten specimens of S. orientalis (Fig. 1), with a mean 

standard length of 97.2±13.5 (Mean±SD) mm, were 

collected from the Zarineh River (Near the Shahin-

Dezh town, western Azarbaijan Province, Iran) 

during summer 2013 by electrofishing device. The 

collected specimens were anaesthetized using 1% 

clove oil solution and fixed in 10% buffered 

formaldehyde. For osteological examination, the 

specimens were cleared and stained with alizarin red 

S and alcian blue according to Taylor and Van Dyke 

(1985) (Fig. 2). The cleared and stained specimens 

were studied under a stereomicroscope (Leica MC5); 

and different skeletal elements were dissected and 

scanned by a scanner equipped to a glycerol bath 

(Epson V600). Drawings of the skeletal elements 

were performed from obtained images using 

CorelDraw X6 software. Nomenclature and 

abbreviation of the skeletal elements were followed 

Rojo (1991) and Jalili et al. (2014 a, b and c). The 

detailed osteological features of S. orientalis from 

the Caspian Sea basin was provided by Jalili (2015).  

 

Results  

The anterior half of the neurocarnium is narrower 

and shallow. In the lateral view, three and four 

foramens present at the anterior and posterior half of 

the neurocranium, respectively. Six bony elements, 

including the supraethmoid-ethmoid, lateral 

ethmoid, pre-vomer, nasal, kine-ethmoid and pre-

ethmoid-I form the ethmoid region. The 

supraethmoid-ethmoid bears the horizontal and 

vertical parts; the horizontal part is wide with two 

developed posterior processes and the vertical poart 

has a triangular shape. The pre-vomer is V-shaped 

anteriorly and serrated posteriorly. The pre-ethmoid-

I can be bony or cartilaginous and is connected to the 

prevomer antero-laterally. Two long and narrow 

nasal bones were positioned at the lateral side of the 

supraethmoid-ethmoid (Fig. 3c). A small kine-

ethmoid is  situated  at  the  anterior  part  of  the  pre- 
 

Figure 1. Lateral view of Squalius orientalis from the Zarineh River of the Urmia lake basin. 
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Figure 2. The lateral view of the cleared and stained Squalius orientalis from the Zarineh River of the Urmia lake basin (Scale bare=2 mm). 

Figure 3. Lateral (a), ventral (b) and dorsal (c) views of the neurocranium of Squalius orientalis from the Zarineh River of the Urmia lake basin. 

Abbreviations: Boc: basioccipital; Epo: epiotic; Exo: exoccipital; Fr: frontal; Le: lateral ethmoid; Mp: masticatory palate; Nas: nasal; Orb: 

orbitosphenoid; Pa: parietal; Pe: preethmoid I; Pr-Pp: posterior pharyngeal process; Pro: prootic; Ps: parasphenoid; Pts: pterosphenoid; Pto: 

pterotic; So-cr: supraoccipital crest; So: supraorbital; Soc: supraoccipital; Sp: sphenotic; Se: supraethmoid; Pv: pre-vomer (Scale bar=3 mm). 
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vomer that its posterior margin is wider. The medial 

part of the lateral-ethmoid is the widest part of this 

bone and is connected to the orbitosphenoid, frontal 

and supraethmoid-ethmoid. There is a cartilaginous 

protuberance at the abdominal level of the lateral-

ethmoid (Fig. 3).  

The orbital regin comprises the frontal, 

parasphenoid, ptersphenoid, orbitosphenoid and 

circumorbital series. The anterior margin of the 

frontal is thin and its posterior part bears a postero-

lateral processes. The supraorbital canal goes around 

the lateral margin of the frontal. Two trapizoid-

shaped orbitosphenoids are connected and form a 

blade shape process connecting to the parasphenoid. 

There are two upward processes and two fossa in the 

middle portion of the parasphenoid; these two 

internal and external processes are attached to the 

ptersphenoid and pterotic, respectively. The anterior 

part of the parasphenoid is serrated and its posterior 

part is bifurcated (Fig. 3b). The lateral edge of the 

ptersphenoid is concaved and its abdominal is 

triangular in shape; there are a dorsal fossa and two 

protuberances on the middle part of this bone 

extending ventrally.  

The otic region of the neurocranium includes the 

prootic, epiotic, sphenotic, parietal and pterotic 

bones. The posterior edge of the parietal encloses the 

supratemporal canal. The sphenotics is a small bone 

with a lateral process bended posteriorly. The 

pterotic is triangulare in shape on dorsal view. The 

epiotic has a process posteriorly. There is a rounded 

process with some pores at the posterior and anterior 

parts of the prootic. The prootic possess a blade 

shape process tilted ventrally connectiong to the 

parasphenoid (Fig. 3). 

The occipital region consists of the 

supraoccipital, exoccipital and basioccipital. The 

posterior margin of the supraoccipital is pointed and 

its dorsal level has a developed crest. The exoccipital 

bears two dorsal and ventral processes. The  

basioccipital is trapizoid in shape and its posterior 

part is narrower. The posterior part of the 

basioccipital bears a pharyngeal process with a 

postero-ventral fossa; at the anterior portion of this 

process, there is a masticatory palate narrower than 

the width of the basioccipital (Fig. 3b).  

In the upper jaw, the maxillae has a mid-dorsal 

ascending protuberance bending anteriorly; this 

bone also has an anterior descending process. The 

premaxillae is L-shaped and its horizontal part is 

larger than the ventral part (Fig. 4a). The lower jaw 

includes the dentary, angular, retroarticular and 

coronomeckelian (Fig. 4b). The coronoid process of 

the dentary is short and bended posteriorly; its 

posterior part is wider overlapping with the angular; 

at the postero-ventral edge of the angular, a 

triangular-shaped retroarticular is present. The tiny 

and long coronomeckelian presents at the medial 

face of the angular and dentary.  

The opercle, preopercle, subopercle and 

interopercle form the opercular series (Fig. 5). The 

posterior margin of the opercle is concaved and bears 

a developed antero-dorsal process. The horizontal 

portion of the preopercle is longer than its vertical 

part. The subopercle has crescent shape with a wide 

anterior portion.  

The suspensorium includes the quadrate, 

symplectic, hyomandibular, endopterygoid, 

Figure 4. Upper (a) and lower (b) jaws of Squalius orientalis from the Zarineh River of the Urmia Lake basin. Abbreviations: An: Angular; Crb: 

coronoid process; Cm: coronomeckelian; Dn: dentary; Keth: kinethmoid; Ra: retroarticular; Mx: maxillary; Pmx: premaxillary; Mdip: maxillary 

descending process; Mip: maxillary mid-lateral ascending process; MSC: Mandibular Sensory Canal; Rap: rostral ascending process (Scale bar=3 

mm). 
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ectopterygoid, metapterygoid and palatine (Fig. 5). 

The anterior margin of the hyomandibular is thin and 

round. The symplectic is positioned ventral to the 

hyomandibular and posterior to the quadrate. This 

bone has the blade-shaped vertical and thickened 

horizontal portions, respectively. The endopterygoid 

has an anterior triangular-shaped process and some 

mid-lateral protuberances; and its posterior part is 

broader. The ventral part of the endopterygoid is 

thicker than its dorsal portion. The middle part of the 

palatine is narrow; there are three small process 

anteriorly. The long ectopterygoid is positioned 

ventral to the endopterygoid (Fig. 5).  

The branchial apparatus comprises three unpaired 

basibranchial, three paired hypobranchial, five 

paired ceratobranchial, four paired epibrancchial and 

two paired infrapharyngobranchial (Fig. 6a). The 

infrapharyngobranchials are semi-circular in shape 

and overlap each other. The epibranchial bears some 

pointed process posteriorly.  

The hyoid series possess the unpaired basihyal 

and urohyal, and paired epihyal, ceratohyal, 

hypohyal and interhyal and three paired 

branchiostegal rays (Fig. 6a). The urohyal has a 

blade shape portion perpendicular to the ventral part; 

the posterior portion of its ventral part is wider (Fig. 

6b). The anterior margin of the urohyal has a narrow 

groove ventrally. The anterior edge of the basihyal is 

wider. There is a protuberance at the anterior part of 

this bone. The hypohyal bears two dorsal and ventral 

parts.  

The pectoral girdle consists of eight bones 

including cliethrum, supracleithum, postcliethrum, 

coracoid, mesocoracoid, scapula, posttemporal, 

supratemporal and four radials (Fig. 7a). The 

cliethrum is L-shaped and its horizontal part has a 

lateral protuberance and its vertical part has a 

developed process. In addition, the dorsal margin of 

the vertical part is thin connecting to the 

supracleithum. There is a tiny supratemporal anterior 

to the posttemporal that is connected to the pterotic. 

The dorsal margin of the coracoid is broad with a 

protuberance connecting to the mesocoracoid. It is 

long and connected to the coracoid and scapula. The 

scapula bears a large foramen. The pectoral girdle 

possesses four radials. 

The paired pelvic bones, styloid and radials form 

the pelvic girdle (Fig. 7b). The anterior margin of the 

pelvic bone is bifurcated deeply and its posterior part 

has mid-lateral and posterior processes; the latter is 

weakly developed. There are three radials at the 

dorsal side of the pelvic bones. Two external radials 

are paired and the internal one is unpaired. Two long 

and thin styloid bone is located on the lateral side of 

Figure 5. Lateral view of the suspensorioum and opercular series 

of Squalius orientalis from the Zarineh River of the Urmia lake 

basin. Abbreviations: Ect: ectopterygoid; End: endopterygoid; 

Hy: hyomandibulare; Iop: interopercle; Mtp: metapterygoid; Op: 

opercle; Opp: opercular prominent process; Opj: opercular joint; 

P: palatine; Pop: preopercle; Q: quadrate; Sop: subopercle; Sym: 

symplectic (Scale bar=3 mm). 

Figure 6 Dorsal view of the hyoid arch and branchial apparatus 

(a) and urohyal bone (b) of Squalius orientalis from the Zarineh 

River of the Urmia lake basin. Abbreviation: Bhy: basihyal; Chy: 

ceratohyal; Epy: epihyal; Hhy: dorsal and ventral hypohyal; Ihy: 

interhyal; Uhy: urohyal; Bbr: basibranchial; Cbr: ceratobranchial; 

Ebr: epibranchial; Hbr: hypobranchial; Pbr: infrapharyngo-

branchial (Scale bar=3 mm). 
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the pelvic bone.  

There are 42 centra in the axial skeleton; the four 

anterior centra with tripus, intercalarium, scaphium 

and claustrum form the Weberian apparatus (Fig. 

Figure 7. Medial view of the pectoral (a) and pelvic (b) girdles Squalius orientalis from the Zarineh River of the Urmia lake basin. Abbreviations: 

Cl: cleithrum; Co: coracoid; Mco: mesocoracoid; Mlp: mid-lateral process; Pb: pelvic bone; Pcl: postcleithrum; Pop: posterior process; Ps: pelvic 

splint; R: radials; Sc: scapula (Scale bar=3 mm). 

Figure 8. Lateral view of the Weberian apparatus (a), dorsal (b), anal (c) and caudal (d) fins in Squalius orientalis from the Zarineh River of the 

Urmia lake basin. Abbreviations: C14-21: centrum 14-21; Dfs: dorsal fin spine; Dpt: distal pterygiophore; Epu: epural; FVC: first vertebra 

centrum; Hp 1-6: hypural plates 1-6; Hsp: hemal spine; Mtp: medial pterygiophore; NuA: neural arch; Ns: neural spine; Pr 4: pleural rib 4; Ppt: 

proximal pterygiophore; Ph: parhypurale; Pls: pleurostyle; Rna: rudimentary neural arch; Sun: supraneural; Sty: stay (Scale bar=3 mm). 
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8a). The dorsal fin has 3 unbranched and 8½ 

branched rays, 9 pterygoiphore and one small stay 

bones (Fig. 8b). The dorsal portion of the stay bone 

is bifurcated and thinner. The anal fin has 3 

unbranched, 9½ branched rays, 10 pterygoiphore and 

one stay bone (Fig. 8c). The first pterygoiphore of 

the dorsal and anal fins are located at the 14th and 

21st centra, respectively. The caudal fin is formed by 

6 hyporals, unpaired parhyporal, pleurstyle and 

paired uroneurals. The caudal fin has 10 dorsal and 

9 ventral procurrent rays and 19 caudal rays (Fig. 

8d).  

 

Discussion 

Intra-specific variation such as osteological 

characters are important in species delineation, as it 

is acknowledged that inadequate information on 

intra-specific geographic variation can lead to 

erroneous species descriptions (Ishihara, 1987; Irfan 

and Suneetha Gunawickrama, 2011). Osteological 

characters may also provide a major tool in 

examining variability within a species (Eastman, 

1980), since different populations of the same 

species, which share external appearance, may vary 

in skeletal structures (Hilton and Bemis, 1999). The 

results of the present study revealed some 

differences in osteology among the two geographic 

populations of S. orientalis in Iran. The observed 

differences were in the structures of the 

neurocranium, opercle, palatine and pectoral girdle.  

At the dorsal view of the neurocranium, the 

anterior portion of the pre-vomer is extended the 

supraethmoid-ethmoid in S. orientalis of the Urmia 

Lake basin population, whereas that of the Caspian 

Sea is almost at the level of the supraethmoid-

ethmoid (Jalili, 2015). The parasphenoid alar in the 

Urmia Lake basin population is banded dorsally 

versus laterally oriented one of the Caspian Sea 

specimens (Jalili, 2015). Also the ventral blade shape 

process of the orbitosphenoid in the Urmia Lake 

basin specimens is longer than that of the Caspian 

Sea specimens (Jalili, 2015). The two later characters 

are led a deeper neurocranium in the Urmia Lake 

basin specimens.  

According to Zhang (2005), the basioccipital is 

important character in cyprinids. In the examined 

population, the masticatory plate is concaved, 

whereas that of the Caspian Sea is flattened (Jalili, 

2015). The anterior ascending process of the palatine 

in the Urmia Lake basin specimens were pointed and 

well-developed versus short and weakly developed 

one of the Caspian Sea population (Jalili, 2015). The 

posterior margin of the opercle is concaved in the 

Urmia Lake basin population versus straight one of 

the Caspian Sea population (Jalili, 2015).  

Structure of the pectoral and pelvic girdles are 

important to identify the members of the subfamily 

Schizothoracine (Chen et al., 2001). In the pectoral 

girdle of the Urmia Lake basin specimens, the 

posterior process of the cleithrum is triangular in 

shape and small versus wide and well-developed one 

of the Caspian Sea specimens (Jalili, 2015).  

The results revealed that osteological characters 

including having a longer pre-vomer, dorsally 

oriented parasphenoid alar, longer ventral blade-

shaped process of the orbitosphenoid, concaved 

masticatory plate, pointed ascending process of the 

palatine, concaved posterior margin of the opercle, 

and a small posterior process of the cleithrum can 

differentiate S. orientalis of the Urmia Lake basin 

from that of the Caspian Sea basin. In addition, there 

is no variation in the bones forming the skull roof, 

postcranial and caudal fin skeletons of both 

populations. As conclusion, the results showed that 

bone arrangement seems to be a character for 

population differentiation in this species that can be 

caused under the influence of different 

environmental conditions. Additionally, the 

observed osteological differences suggest that both 

studied populations belong to same taxon. 

 

Acknowledgments 

The senior author was financially supported by 

Islamic Azad University, Babol Branch for a 

sabbatical period in Hacettepe University, Turkey. 

We would like to express our sincere thanks to 

H. Mousavi Sabet and S. Eagderi for providing 

specimens.  



222 
 

Vatandoust et al./ Osteology of Squalius orientalis from Urmia Lake basin, Iran 

References 
Arratia G. (1999). The monophyly of teleostei and 

stemgroup teleosts. In: G. Arratia, H.P. Schultze 

(Eds.). Mesozoic Fishes 2: Systematics and Fossil 

Record, Dr Friedrich Pfeil, Munich, Germany. pp: 

265-334. 

Bogutskaya N.G. (1994). A description of Leuciscus 
lepidus (Heckel, 1843) with comments on Leuciscus 

and leuciscine-aspinine relationships (Pisces: 

Cyprinidae). Annalen des Naturhistorischen Museums 

in Wien, 96B: 599-620. 

Bogutskaya N.G. (2002). Petroleuciscus, a new genus for 

the Leuciscus borysthenicus species group (Teleostei: 

Cyprinidae). Zoosystematica Rossica, 11(1): 235-237. 

Chen Z., Chen Y. (2001). Phylogeny of the specialized 

schizothoracine fishes (Teleostei: Cypriniformes: 

Cypriniae). Zoological Studies, 40: 147-157. 

Coad B.W. 2016. Fresh water fishes of Iran. Available at. 

www.briancoad.com. Retrieved 2/11/2016. 

Esmaeili H.R., Mousavi-Sabet H., Sayyadzadeh G., 

Vatandoust S., Freyhof J. (2014a). Paracobitis 
atrakensis, a new species of crested loach from 

northeastern Iran (Teleostei: Nemacheilidae). 

Ichthyological Exploration of Freshwaters, 25(3):237-

242. 

Esmaeili H.R., Brian W.C., Mehraban H.R., Masoudi M., 

Khaefi R., Abbasi K., Mostafavi H., Vatandoust S. 

(2014b). An updated checklist of fishes of the Caspian 

Sea basin of Iran with a note on their zoogeography. 

Iranian Journal of Ichthyology, 1(3): 152-184. 

Hilton E., Bemis W.E. (1999). Sketelal variation in short 

nose sturgeon (Acipencer brevirostrum) from the 

Connecticut River: implications for comparative 

osteological studies of fossils and living fishes. In: G. 

Arratia, H.P. Schultze (Eds.). Mesozoic Fishes: 

Systematics and Fossil Record, Dr. Friedrich Pfeil, 

Munich, Germany. pp: 69-94. 

Eastman J.T. (1980). The caudal skeletons of catostomid 

fishes. American Midland Naturalist, 103(1): 133-

148. 

Ishihara H. (1987). Revision of the Western North Pacific 

species of the genus Raja. Japanese Journal of 

Ichthyology, 34(3): 241-285. 

Irfan F.I., Suneetha Gunawickrama B. (2011). 

Osteological variation of the olive barb Puntius sarana 

(Cyprinidae) in Sri Lanka. Journal of the National 

Science Foundation of Sri Lanka, 39(2): 121-128.  

Jalili P., Eagderi S., Azimi H., Mousavi-Sabet H. (2015a). 

Osteological description of the southern king fish, 

Alburnus mossulensis from Iranian part of the Tigris 

River drainage. Animal Biology and Animal 

Husbandry, 7(2): 113-121. 

Jalili P., Eagderi S., Nasri M., Mousavi-Sabet H. (2015b). 

Descriptive osteology of Alburnus amirkabiri 
(Cypriniformes: Cyprinidae), a newly described 

species from Namak Lakebasin, Central of Iran. 

Bulletin of the Iraq Natural History Museum, 13 (4): 

51-62. 

Jalili P., Eagderi S., Nikmehr N. 2015c.  Descriptive 

osteology of Barbus cyri (Teleostei: Cyprinidae) from 

southern Caspian Sea basin. Iranian Society of 

Ichthyology, 2 (2): 105-112. 

Jalili P. (2015). Phylogeny of the genus of Iranian 

Cyprinids using osteological charactrestics in Iran 

using geometric morphometric and osteological 

methods. MSc Thesis, University of Tehran, Karaj, 

Iran. 

Ghasemi H., Jouladeh Roudbar A., Eagderi S., Abbasi K., 

Vatandoust S., Esmaeili H.R. (2015). Ichthyofauna of 

Urmia basin: Taxonomic diversity, distribution and 

conservation. Iranian Journal of Ichthyology, 2(3): 

177-19. 

Jouladeh-Roudbar A., Vatandoust S., Eagderi S., Jafari-

Kenari S., Mousavi-Sabet H. (2015a). Freshwater 

fishes of Iran; an updated checklist. AACL Bioflux, 

8(6): 855-909. 

Jouladeh Roudbar A., Eagderi S., Esmaeil H.R. (2015b). 

Fishes of the Dasht-e Kavir basin of Iran: an updated 

checklist. International Journal of Aquatic Biology, 

3(4): 263-273. 

Keivany Y., Nelson, J.S. 2004. Phylogenetic 

relationships of sticklebacks (Gasterosteidae), with 

emphasis on ninespine sticklebacks (Pungitius spp.). 

Behaviour, 141(11-12): 1485-1497. 

Kuru M. (1975). Dicle-Fırat Kura-Aras, Van Gölü ve 

Karadeniz Havzası tatlısularında yaşayan Balıkların 

(Pisces) Sistematik ve Zoocoğrafik Yönden 

İncelenmese. Docentliktezi-Basilmamis, Atatürk 

Üniversitesi, Erzurum. 

Nybelin O. (1973). Comments on the caudal skeleton of 

actinopterygians. In: P.H. Greenwood, R.S. Miles, C. 

Patterson (Eds.). Interrelationships of Fishes (eds.), 

Academic Press, London, UK. pp: 369-372. 

Özuluğ M., Freyhof J. (2011). Review of the genus 

Squalius in Western and Central Anatolia, with 

description of four new species (Teleostei: 



223 
 

Int. J. Aquat. Biol. (2016) 4(3): 215-223 

 
Cyprinidae). Ichthyological Exploration of 

Freshwaters, 22(2): 107-148. 

Rojo A.L. (1991). Dictionary of evolutionary fish 

osteology, CRC Press, Boca Raton, Florida. 273 p. 

Schultze H-P., Arratia G. (1988). Reevaluation of the 

caudal skeleton of certain actinopterygian fishes II. 

Hiodon, Elops and Albula. Journal of Morphology, 

195(3): 257-303. 

Taylor W.R., Van Dyke G.C. (1985). Revised procedures 

for staining and clearing small fishes and other 

vertebrates for bone and cartilage study. Cybium, 9: 

107-119. 

Turan D., Kottelat M., Doğan E. (2013). Two new species 

of Squalius, S. adanaensis and S. seyhanensis 
(Teleostei: Cyprinidae), from the Seyhan River in 

Turkey. Zootaxa, 3637(3): 308-324. 

Zardoya R., Doadrio I. (1999). Molecular evidence on the 

evolutionary and biogeographical patterns of 

European cyprinids. Journal of Molecular Evolution, 

49: 227-237. 

Zengin M., Yerli S.V., Dağtekin M., Akpınar İ.Ö. (2012). 

Changes in the fisheries of Çıldır Lake (Turkey) in the 

last twenty years. Eğirdir Journal of Fisheries, 8: 10-

24. 

Zhang E. (2005). Phylogenetic relationships of labeonine 

cyprinids of the disc-bearing group (Pisces: Teleostei). 

Zoological Studies, 44(1): 130-143. 


