
SJJ INXHZXXNTSX, XYFYX, FSI FZYMTW UWTKNQJX KTW YMNX UZGQNHFYNTS FY: MYYUX://\\\.WJXJFWHMLFYJ.SJY/UZGQNHFYNTS/350530140

First data on the structure of the vertebral column in Gobio and Romanogobio

species (Actinopter\gii, C\priniformes, Gobionidae) from Ohrid Lake and the

Vardar River basin

ArYicleddinddAHYF IHMYM^TQTLNHF EY PNXHFYTWNF { MFWHM 2021

DOI: 10.3897/FNJU.51.63489

CI9A9IONS

0
READS

115

5 aZYhors, NSHQZINSL:

Some of Yhe aZYhors of Yhis pZblicaYion are also \orking on Yhese relaYed projecYs:

BFHYJWNFQ FSI UFWFXNYNHFQ HTRRZSNYNJX TK HMZG FX NSINHFYTWX TK JS[NWTSRJSYFQ XYFYZX J]UTXJI YT RNSNSL FHYN[NYNJX ;NJ\ UWTOJHY

:UIFYJ TK YMJ PWJXUF LFPJ <FYJWXMJI MFSFLJRJSY PQFS - :NDP RFP 29/2015, 00083375 RJXYTWFYNTS TK YMJ PWJXUF LFPJ EHTX^XYJR ;NJ\ UWTOJHY

AWXT[XPF JZQNOFSF

SX. C^WNQ FSI MJYMTINZX :SN[JWXNY^ NS SPTUOJ

31 P:BLICA9IONSddd15 CI9A9IONSddd

SEE PROFILE

MNQNHF RNXYT[XPF

SX. C^WNQ FSI MJYMTINZX :SN[JWXNY^ NS SPTUOJ

40 P:BLICA9IONSddd254 CI9A9IONSddd

SEE PROFILE

PWJIWFL SNRTST[Nć
:SN[JWXNY^ TK BJQLWFIJ

159 P:BLICA9IONSddd1,621 CI9A9IONSddd

SEE PROFILE

;FXNQ KTXYT[

SX. C^WNQ FSI MJYMTINZX :SN[JWXNY^ - ISXYNYZYJ TK ASNRFQ SHNJSHJ

103 P:BLICA9IONSddd428 CI9A9IONSddd

SEE PROFILE

AQQ HTSYJSY KTQQT\NSL YMNX UFLJ \FX ZUQTFIJI G^ PWJIWFL SNRTST[Nć TS 04 AUWNQ 2021.

9MJ ZXJW MFX WJVZJXYJI JSMFSHJRJSY TK YMJ IT\SQTFIJI KNQJ.



First data on the structure of the vertebral column in Gobio 
and Romanogobio species (Actinopterygii, Cypriniformes, 
Gobionidae) from Ohrid Lake and the Vardar River basin
Julijana ARSOVSKA1, Milica RISTOVSKA1��3UHGUDJ�6,02129,ý2,  
Vasil KOSTOV3��9DOHQWLQD�6/$9(96.$�67$0(1.29,ý1

1 Ss. Cyril and Methodius University in Skopje, Faculty of Natural Science and Mathematics, Institute of Biology, North Macedonia
2 University of Belgrade, Faculty of Biology, Belgrade, Serbia
3 Ss. Cyril and Methodius University in Skopje, Institute of Animal Science, Department of Fishery, North Macedonia

http://zoobank.org/9E90122B-9D37-4F79-B518-B24183C99AB9

Corresponding author: Julijana Arsovska (julyarsovska@gmail.com)

Academic editor: Jan Kotusz  i  Received 31 July 2020  i  Accepted 9 December 2020  i  Published 31 March 2021

Citation:�$UVRYVND�-��5LVWRYVND�0��6LPRQRYLþ�3��.RVWRY�9��6ODYHYVND�6WDPHQNRYLþ�9��������)LUVW�GDWD�RQ�WKH�VWUXFWXUH�RI�WKH�
vertebral column in Gobio and Romanogobio�VSHFLHV��$FWLQRSWHU\JLL��&\SULQLIRUPHV��*RELRQLGDH��IURP�2KULG�/DNH�DQG�WKH�9DUGDU�
River basin. Acta Ichthyologica et Piscatoria 51(1): 37–45. https://doi.org/10.3897/aiep.51.63489

Abstract
7KH�YDOLGLW\�RI�IRXU�JXGJHRQ�VSHFLHV�NQRZQ�IRU�WKH�LFKWK\RIDXQD�RI�1RUWK�0DFHGRQLD�KDV�EHHQ�D�PDWWHU�RI�GLIIHUHQW�WD[RQRPLF�GLV-
SXWHV��H[FHSW�IRU�Gobio ohridanus�.DUDPDQ���������5HFHQWO\��D�UHVWRUDWLRQ�RI�WKH�VSHFLHV�VWDWXV�ZDV�SURSRVHG�IRU�Gobio balcanicus 
'LPRYVNL�HW�*UXSþH�������DQG�Romanogobio banarescui� �'LPRYVNL�HW�*UXSþH���������6R� IDU��Romanogobio stankoi (Karaman, 
�������KDV�QRW�EHHQ�D�SDUW�RI�DQ\�UHFHQW�LQYHVWLJDWLRQ�DQG�LW�LV�VWLOO�FRQVLGHUHG�DV�D�MXQLRU�V\QRQ\P�RI�Romanogobio elimeius (Kat-
toulas, Stephanidis et Economidis, 1973) or R. banarescui�GXH�WR�WKH�ODFN�RI�GLVWLQFWLYH�PRUSKRORJLFDO�FKDUDFWHUV��7KH�RVWHRORJLFDO�
FKDUDFWHUV�LQ�WKH�VWUXFWXUH�RI�WKH�YHUWHEUDO�FROXPQ��KDYH�VLJQLILFDQFH�WR�WKH�V\VWHPDWLFV�RI�WKH�JXGJHRQV��HVSHFLDOO\�LQ�HOHYDWLRQ�RI�
Romanogobio�DW�WKH�OHYHO�RI�JHQXV��7R�FRQWULEXWH�WR�UHVROYLQJ�WKH�WD[RQRPLF�VWDWXV�LQ�WKHVH�JXGJHRQ�VSHFLHV��WKH�JRDO�RI�WKLV�SDSHU�
LV�WR�LGHQWLI\�GLVWLQFWLYH�FKDUDFWHUV�E\�SUHVHQWLQJ�DQG�DQDO\]LQJ�WKH�VWUXFWXUH�RI�WKHLU�YHUWHEUDO�FROXPQ��6DPSOHV�ZHUH�LQVSHFWHG�IURP�
WKH�ILVK�FROOHFWLRQV�LQ�WKH�,QVWLWXWH�RI�%LRORJ\��G. ohridanus���WKH�,QVWLWXWH�RI�$QLPDO�6FLHQFH��G. balcanicus), and the Macedonian 
0XVHXP�RI�1DWXUDO�+LVWRU\��ERWK�Romanogobio�VSHFLHV���)LVK�VDPSOHV�ZHUH�;�UD\HG�DV�ZHOO�DV�FOHDUHG�DQG�GRXEOH�VWDLQHG��2EWDLQHG�
GDWD�RQ�WKH�QXPEHU�RI�YHUWHEUDH�ZHUH�SUHVHQWHG�WKURXJK�WKH�YHUWHEUDO�IRUPXOD�IROORZLQJ�1DVHND���������0XOWLSOH�&RUUHVSRQGHQFH�
$QDO\VLV��0&$��ZDV�XVHG�WR�FKHFN�WKH�LQWHUUHODWLRQ�EHWZHHQ�WD[D�DQG�WKH�QXPEHU�RI�YHUWHEUDH�LQ�DOO�XQLWV�RI�WKH�YHUWHEUDO�FROXPQ��
G. balcanicus�LV�GLVWLQJXLVKHG�IURP�G. ohridanus mainly in the predorsal and preanal subregion (10 vs. 11 vertebrae and 1 vs. 0 
YHUWHEUDH��UHVSHFWLYHO\���ZKLOH�R. stankoi�GLVWLQJXLVKHV�IURP�R. banarescui�E\�WKH�QXPEHU�RI�YHUWHEUDH�LQ�WKH�SUHDQDO�DQG�SRVWDQDO�
VXEUHJLRQ����YV����YHUWHEUDH�DQG����YV�����YHUWHEUDH��UHVSHFWLYHO\���7KH�VWUXFWXUH�RI�YHUWHEUDO�FROXPQ�RIIHUV�GLVWLQFWLYH�PRUSKRORJLFDO�
FKDUDFWHUV�IRU�WKH�IRXU�JXGJHRQ�VSHFLHV�IURP�2KLUG�/DNH�DQG�WKH�9DUGDU�5LYHU�EDVLQ�

Keywords
*XGJHRQV��0&$�DQDO\VLV��YHUWHEUDH��YHUWHEUDO�FROXPQ��YHUWHEUDO�IRUPXOD

Introduction
$OWKRXJK� WKH�PRQRSK\O\�RI� WKH� IDPLO\�*RELRQLGDH� �IRU-
PHUO\�LQ� WKH�IDPLO\�&\SULQLGDH�� LV�ZHOO�VXSSRUWHG��<DQJ�

et al. 2006; Tang et al. 2011), its systematics still contains 
XQUHVROYHG� LVVXHV� WKDW�GHHP�WD[RQRPLF�FKDOOHQJH�GXH� WR�
ongoing speciation (Takács et al. 2014) and the applica-
WLRQ�RI�GLIIHUHQW�VSHFLHV�FRQFHSWV��.XOODQGHU�������/XVN�
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DQG�âOHFKWD�������1RZDN�HW�DO������E���������1HZ�GDWD�
WR� PDNH� DQ� DGYDQFH� LQ� WKH� WD[RQRP\�� V\VWHPDWLFV�� DQG�
SK\ORJHQ\�RI�*RELRQLGDH�LV�VWLOO�UHTXLUHG��1DVHND��������
DQDO\]HG�WKH�VWUXFWXUH�RI�WKH�*RELRQLQH�YHUWHEUDO�FROXPQ��
SURSRVLQJ�D�YHUWHEUDO�IRUPXOD�IRU�HDFK�JHQXV�DQG�VSHFLHV��
*HQXV�Gobio Cuvier, 1816 (type species G. gobio��IRUPHUO\�
included subgenera Romanogobio�%ăQăUHVFX�����²W\SH�
species R. kessleri²DQG� Rheogobio� %ăQăUHVFX�� ����²
type species Romanogobio uranoscopus (Agassiz, 1828). 
7KH�VWUXFWXUH�RI�WKH�YHUWHEUDO�FROXPQ��DPRQJ�RWKHU�PRU-
phological characters, gave recognition to Romanogobio 
DV�D�GLVWLQFW�JHQXV��1DVHND�������EDVHG�RQ�DQDO\VLV�RI�Ro-
manogobio kesslerii��'\ERZVNL���������Romanogobio al-
bipinnatus (Lukasch, 1933), Romanogobio ciscaucasicus 
�%HUJ���������DQG�Romanogobio persus� �*�QWKHU���������
/DWHU��1DVHND�DQG�)UH\KRI��������V\QRQ\PL]HG�VXEJHQXV�
Rheogobio�ZLWK� WKH�DFFHSWHG�Romanogobio reevaluating 
WKH�VWDWXV�RI����VSHFLHV��VHH�1DVHND�������.RWWHODW�������
in Romanogobio� EDVHG� RQ� WKH� H[WHUQDO� PRUSKRORJ\�� DV�
ZHOO�DV�YHUWHEUDO�FROXPQ¶V�IHDWXUHV��7KHQ��WKH�SUHVHQFH�RI�
WZR� QDWLYH� JHQHUD� LQ� (XURSH��Gobio and Romanogobio, 
EHFDPH�ZLGHO\�DFFHSWHG��/XVN�DQG�âOHFKWD�������.RWWHODW�
DQG�)UH\KRI�������1DVHND�DQG�%RJXWVND\D�������1RZDN�
et al. 2008a, 2011). On the other hand, some authors, based 
on osteological analyses including the vertebral column, 
SURSRVHG�UHVWRUDWLRQ�RI�Rheogobio�DQG�UHTXLUHG�UHYLVLRQ�
RI�DOO�JXGJHRQ�VXEVSHFLHV�WKDW�ZHUH�SUHYLRXVO\�XQGHU�WKH�
species name uranoscopus (Talabishka 2014).

)RXU� QDWLYH� JXGJHRQ� VSHFLHV� WKDW� FXUUHQWO\� EHORQJ� WR�
genera Gobio and Romanogobio� DUH�NQRZQ� IRU� WKH� LFK-
WK\RIDXQD�RI�1RUWK�0DFHGRQLD��([WHQVLYHO\�VWXGLHG�LQ�WKH�
past, one gudgeon species–Gobio ohridanus Karaman, 
����±ZDV�GHVFULEHG�IRU�WKH�ROG�WHFWRQLF�2KULG�/DNH��ZKLOH�
WKH�RWKHU�WKUHH�ZHUH�GHVFULEHG�IRU�WKH�9DUGDU�5LYHU�GUDLQ-
age. Gobio balcanicus�'LPRYVNL�HW�*UXSþH�������LV�ZLGH-
ly distributed throughout the Vardar River and its tribu-
taries. Romanogobio banarescui� �'LPRYVNL� HW� *UXSþH��
������ZDV�GHVFULEHG�IRU�WKH�PLGGOH�DQG�ORZHU�FRXUVH�RI�
the Vardar River, and Romanogobio stankoi (Karaman, 
������ �DV� LQWHUSUHWHG� E\� 'LPRYVNL� DQG� *UXSþH� ����D��
IRU�IDVW�IORZLQJ�XSSHU�FRXUVHV�RI�WKH�9DUGDU�5LYHU��DQG�LWV�
WULEXWDULHV�/HSHQHF��%UHJDOQLFD��&UQD��DQG�7UHVND�ULYHUV�

7KH� YDOLGLW\� RI� WKHVH� VSHFLHV� �H[FHSW� WKDW� RI� WKH�
G. ohridanus��KDV�EHHQ�D�PDWWHU�RI�GLIIHUHQW� WD[RQRPLF�
GLVSXWHV� LQ� ZKLFK� WKH� QHHG� IRU� FRQWHPSRUDU\� PRUSKR-
ORJLFDO�GHVFULSWLRQ�ZDV�RIWHQ�HPSKDVL]HG��'LPRYVNL�DQG�
*UXSþH� �����E�� VKRZHG� GLIIHUHQFHV� EHWZHHQ� R. stan-
koi and Romanogobio elimeius (Kattoulas, Stephanidis 
HW� (FRQRPLGLV�� ������ IURP� WKH�$OLDNPRQ� 5LYHU�� /DWHU��
both R. stankoi and R. banarescui�ZHUH�VXJJHVWHG�WR�EH�
junior synonyms to R. elimeius (see Economidis et al. 
������.RWWHODW�DQG�)UH\KRI��������2ZLQJ�WR�WKH�ODFN�RI�
FRPSDUDWLYH� PRUSKRORJLFDO� GDWD�� .RWWHODW� DQG� )UH\KRI�
(2007) suggested that G. balcanicus should be a synonym 
RI�Gobio bulgaricus Drensky, 1926. Conversely, recent 
VWXGLHV�EDVHG�RQ�PROHFXODU�GDWD��*HLJHU�HW�DO��������-HOLþ�
HW�DO��������)ULHGULFK�HW�DO��������SURSRVHG�UHVWRULQJ�WKH�
WD[RQRPLF�VWDWXV�RI�G. balcanicus and R. banarescui as 
FOHDUO\� GLVWDQW� IURP�G. bulgaricus and R. elimeius, re-

VSHFWLYHO\��6R� IDU��R. stankoi� IURP� WKH� W\SH� ORFDOLW\�KDV�
not been subject to recent studies and is still considered 
HLWKHU�D�V\QRQ\P�RI�R. banarescui��RU�RI�R. elimeius (see 
%DQDUHVFX�������.RWWHODW�DQG�)UH\KRI��������,Q�WKLV�SD-
per, the name R. stankoi�LV�XVHG�IRU�PDWHULDO�IURP�WKH�W\SH�
ORFDOLW\� DLPLQJ� WR� FRQWULEXWH� WR� WKH� FODULILFDWLRQ� RI� WKH�
WD[RQRPLF�VWDWXV�RI�WKLV�WD[RQ�

+DYLQJ� LQ� PLQG� WKDW� DPELJXLWLHV� LQ� VSHFLHV� GHOLQ-
eations seriously hamper the conservation measures 
(Kottelat 1998, 2013; Economou et al. 2007; Kottelat and 
)UH\KRI�������DQG�WKDW�JXGJHRQ�VSHFLHV�DUH�YHU\�LPSRUW-
ant to both conservation and ecology (Lusk and Šlechta 
������7HOFHDQ�DQG�&XSúD�������&XUWHDQ�%ăQăGXF�HW� DO��
�������LW�LV�RI�XUJHQW�PDWWHU�WR�FODULI\�WKH�WD[RQRPLF�VWD-
WXV�RI�DOO�JXGJHRQ�WD[D�IURP�WKH�%DONDQ�3HQLQVXOD��,Q�WKLV�
FRQWH[W�� WKH�JRDO�RI�WKLV�SDSHU�LV�WR�DQDO\]H�DQG�SUHVHQW�
LQ�GHWDLO��IRU�WKH�ILUVW�WLPH��WKH�YHUWHEUDO�IRUPXOD�LQ�JXG-
JHRQV�IURP�1RUWK�0DFHGRQLD�IROORZLQJ�1DVHND¶V��������
PHWKRGRORJ\�WR�VKHG�OLJKW�RQ�WKH�WD[RQRPLF�SRWHQWLDO�RI�
WKH�VWUXFWXUH�RI�WKH�YHUWHEUDO�FROXPQ�

Material and methods
)RU� WKLV� VWXG\�� WKH�PDWHULDO� IURP� WKH� FROOHFWLRQV� RI� WKH�
0DFHGRQLDQ�0XVHXP�RI�1DWXUDO�+LVWRU\��WKH�,QVWLWXWH�RI�
%LRORJ\��DQG�WKH�,QVWLWXWH�RI�$QLPDO�6FLHQFH�IURP�6NRSMH�
ZDV�XVHG��Romanogobio banarescui and R. stankoi�ZHUH�
DQDO\]HG� IURP� WKH� W\SH�PDWHULDO�� FROOHFWHG� E\�'LPRYV-
NL� DQG�*UXSþH� IURP������ WR������DQG�GHSRVLWHG� DW� WKH�
0DFHGRQLDQ�0XVHXP� RI� 1DWXUDO� +LVWRU\�� 7KH� PDWHULDO�
RI�G. balcanicus�ZDV�FROOHFWHG�LQ������IURP�WKH�9DUGDU�
5LYHU� DQG�GHSRVLWHG� DW� WKH� ,QVWLWXWH�RI�$QLPDO�6FLHQFH��
ZKLOH�WKH�PDWHULDO�RI�G. ohridanus�ZDV�FROOHFWHG�LQ������
IURP�2KULG�/DNH�DQG�VWRUHG�DW� WKH� ,QVWLWXWH�RI�%LRORJ\��
7KH�VSHFLPHQV�RI�G. ohridanus (n = 22), G. balcanicus 
(n = 16), R. banarescui (n = 36), and R. stankoi (n = 36) 
ZHUH�;�UD\HG�DV�ZHOO�DV�FOHDUHG�DQG�GRXEOH�VWDLQHG�DF-
FRUGLQJ�WR�WKH�SURWRFRO�RI�+DQNHQ�DQG�:DVVHUVXJ��������

7KH� VWUXFWXUH� RI� WKH� YHUWHEUDO� FROXPQ�ZDV� DQDO\]HG�
IROORZLQJ�1DVHND� ��������1DPHO\�� WR�SUHVHQW� WKH�YHUWH-
EUDO� IRUPXOD�� VHYHQ� FKDUDFWHUV� RI� WKH� YHUWHEUDO� FROXPQ�
ZHUH�DQDO\]HG��WRWDO�QXPEHU�RI�YHUWHEUDH��T), abdominal 
QXPEHU�RI�YHUWHEUDH��A���FDXGDO�QXPEHU�RI�YHUWHEUDH��C), 
SUHGRUVDO�QXPEHU�RI�YHUWHEUDH��a1), intermediate number 
RI�YHUWHEUDH��i���SUHDQDO�QXPEHU�RI�YHUWHEUDH��c1) and pos-
WDQDO�QXPEHU�RI�YHUWHEUDH��c2���7KH�YHUWHEUDO�IRUPXOD�LV�
FRPSRVHG�RI�WKH�PHDQ�YDOXHV�RI�WKHVH�FKDUDFWHUV��$GGL-
WLRQDOO\��WKH�QXPEHU�RI�YHUWHEUDH�ZDV�FRXQWHG�LQ�WKH�GLV-
WDQFH�EHWZHHQ�WKH�RULJLQ�RI�WKH�GRUVDO�ILQ�DQG�WKH�RULJLQ�
RI�WKH�DQDO�ILQ��'±$�GLVWDQFH���DV�ZHOO�DV�LQ�WKH�GLVWDQFH�
EHWZHHQ�WKH�RULJLQ�RI�WKH�GRUVDO�ILQ�DQG�ILUVW�FDXGDO�YHUWH-
brae (D–C1 distance). The last D–A and D–C1 distances 
DUH�QRW�SDUW�RI�WKH�YHUWHEUDO�IRUPXOD��EXW�ZHUH�FRXQWHG�DV�
DGGLWLRQDO�H[SORUDWLYH�FKDUDFWHUV�

The Multiple Correspondence Analysis (MCA) is a 
PXOWLYDULDWH�DQDO\VLV�WKDW�LV�XVHG�WR�H[DPLQH�WKH�UHODWLRQV�
EHWZHHQ�PRUH�WKDQ�WZR�FDWHJRULFDO�YDULDEOHV��6RXULDO�HW�
DO��������'L�)UDQFR�������� ,Q� WKLV�SDSHU��0&$�ZDV�DS-
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SOLHG�WR�H[SORUH�WKH�LQWHUUHODWLRQV�EHWZHHQ�WD[D�DQG�D�FHU-
WDLQ�QXPEHU�RI�YHUWHEUDH�LQ�GLIIHUHQW�XQLWV�RI�WKH�YHUWHEUDO�
FROXPQ��$V�HDFK�XQLW�RI�WKH�YHUWHEUDO�FROXPQ�ZDV�FRQVLG-
HUHG�DV�D�FKDUDFWHU��WKH�QXPEHU�RI�YHUWHEUDH�REVHUYHG�LQ�LW�
ZDV�FRQVLGHUHG�DV�D�FKDUDFWHU�VWDWH��7KH�FKDUDFWHUV�RI�WKH�
vertebral column (T, A, a1, i, C, c1, and c2��DQG�WD[D��JHQ-
era Gobio and Romanogobio and species G. balcanicus, 
G. ohridanus, R. banarescui, and R. stankoi��ZHUH�DQD-
lyzed as active variables. The distances D–A and D–C1 
ZHUH�SORWWHG�DV�VXSSOHPHQWDU\�YDULDEOHV��WKH\�GR�QRW�FRQ-
WULEXWH�WR�IRUPLQJ�RI�WKH�GLPHQVLRQV�LQ�0&$��WR�HQKDQFH�
WKH� LQWHUSUHWDWLRQ� RI� WKH� DQDO\VLV��0&$�ZDV� SHUIRUPHG�
XVLQJ�6WDWLVWLFDO�6RIWZDUH�IRU�([FHO±;/67$7�����������

Results
Vertebral formula

7KH� WRWDO� QXPEHU� RI� YHUWHEUDH� LQ�G. ohridanus ranges 
IURP����WR�����7DEOH�����7KH�DEGRPLQDO�YHUWHEUDH�����RU�
21) dominate over the caudal vertebrae (17 or 18) in all 
VSHFLPHQV��7KHUH�ZDV�QR�YDULDWLRQ�LQ�WKH�SUHGRUVDO�YHUWH-
EUDH�QXPEHU������LQ�DOO�H[DPLQHG�VSHFLPHQV��7KH�QXPEHU�
RI�LQWHUPHGLDWH�YHUWHEUDH�UDQJHG�IURP���WR����$Q�DEVHQFH�
RI�SUHDQDO�FDXGDO�YHUWHEUDH�ZDV�QRWHG�LQ�����RI�LQGLYLG-
XDOV� LQ� WKH�VDPSOH��7KH�QXPEHU�RI�SRVWDQDO�FDXGDO�YHU-
WHEUDH�UDQJHG�IURP����WR�����ZLWK�D�PRGH�RI����LQ�����
RI� WKH� VSHFLPHQV��7KH�'±$�GLVWDQFH�KDG�D�PRGH�RI����
YHUWHEUDH�� WKH� VDPH� DV� WKH�PRGH�RI� WKH�$±&��GLVWDQFH��
7KH�YHUWHEUDO�IRUPXOD�RI�G. ohridanus�ZDV��������������
20.45 (4.36) + (0.95) 17.73 (16.77).

7KH�WRWDO�QXPEHU�RI�YHUWHEUDH�LQ�G. balcanicus ranged 
IURP����WR�����7DEOH�����$OO�VSHFLPHQV�KDG�D�JUHDWHU�QXP-
EHU�RI� DEGRPLQDO�YHUWHEUDH� ����RU����� FRPSDUHG� WR� WKH�
QXPEHU�RI�FDXGDO�YHUWHEUDH����±�����7KH�SUHGRUVDO�VXEUH-
JLRQ�PRVW�RIWHQ�LQFOXGHG����YHUWHEUDH��7KH�UDQJH�RI�LQWHU-
PHGLDWH�YHUWHEUDH�ZDV�IURP���WR����7KH�QXPEHU�RI�SUHDQDO�
YHUWHEUDH�ZDV��±���DQG�WKH�DEVHQFH�ZDV�REVHUYHG�LQ�RQO\�
���RI�WKH�VSHFLPHQV��7KH�QXPEHU�RI�SRVWDQDO�YHUWHEUDH�
UDQJHG�IURP����WR����YHUWHEUDH��7KH�'±$�GLVWDQFH�KDG�D�
PRGH�RI����YHUWHEUDH��ZKLOH�'±&��GLVWDQFH�KDG�D�PRGH�
RI����YHUWHEUDH��7KH�YHUWHEUDO�IRUPXOD�RI�G. balcanicus 
ZDV�����������������������������������������������������

7KH�H[DPLQHG�VSHFLPHQV�RI�R. stankoi had a total num-
EHU�RI����RU����YHUWHEUDH� �7DEOH�����7KH�DEGRPLQDO�DQG�
caudal vertebrae had the identical range (19 or 20), but the 
PHDQ�YDOXH�RI�WKH�VSHFLPHQV�VKRZHG�D�GRPLQDQFH�RI�WKH�
FDXGDO�YHUWHEUDH��$�KLJKHU�QXPEHU�RI�FDXGDO�WKDQ�DEGRP-
LQDO�YHUWHEUDH��������DQG��������ZDV�REVHUYHG�LQ�WKH�PD-
MRULW\�RI�WKH�H[DPLQHG�VSHFLPHQV��7KH�QXPEHU�RI�DEGRP-
LQDO�YHUWHEUDH�ZDV�KLJKHU�LQ���VSHFLPHQV���������ZKLOH�DQ�
HTXDO�QXPEHU�EHWZHHQ�WKH�DEGRPLQDO�DQG�WKH�FDXGDO�YHU-
WHEUDH���������ZDV�REVHUYHG�LQ����VSHFLPHQV��7KH�QXPEHU�
RI�SUHGRUVDO�YHUWHEUDH�PRVW�RIWHQ�ZDV�����ZKLOH�WKH�LQWHU-
PHGLDWH�YHUWHEUDH�PRVW�RIWHQ�ZHUH����7KHUH�LV�D�PRGH�RI�
��SUHDQDO�FDXGDO�YHUWHEUDH��ZKLOH�WKH�QXPEHU�RI�SRVWDQDO�
FDXGDO�YHUWHEUDH�UDQJHG�IURP����WR�����7KH�'±$�GLVWDQFH�
KDG�D�PRGH�RI����YHUWHEUDH��ZKLOH�WKH�'±&��GLVWDQFH�KDG�
D�PRGH�RI���YHUWHEUDH��7KH�YHUWHEUDO�IRUPXOD�RI�R. stankoi 
ZDV�����������������������������������������������������

7KH�WRWDO�QXPEHU�RI�YHUWHEUDH�LQ�R. banarescui ranged 
IURP����WR�����7DEOH�����7KH�QXPEHU�RI�DEGRPLQDO�YHUWH-
EUDH�UDQJHG�IURP����WR�����ZKLOH�WKDW�RI�WKH�FDXGDO�YHU-
WHEUDH�UDQJHG�IURP����WR�����$�KLJKHU�QXPEHU�RI�FDXGDO�
YHUWHEUDH��RYHU�WKH�DEGRPLQDO�RQHV��ZDV�UHFRUGHG�LQ�WKH�
PDMRULW\� RI� WKH� H[DPLQHG� VSHFLPHQV�� ������ ����� ������
������DQG�������������7KH�QXPEHU�RI�DEGRPLQDO�YHUWHEUDH�
SUHYDLOHG���������LQ�RQH�VSHFLPHQ��ZKLOH�DQ�HTXDO�QXP-
EHU�RI�WKH�DEGRPLQDO�DQG�WKH�FDXGDO�YHUWHEUDH��������DQG�
�������ZDV�REVHUYHG�LQ���VSHFLPHQV��7KHUH�ZHUH���±���
SUHGRUVDO�YHUWHEUDH��ZKLOH�WKH�QXPEHU�RI�LQWHUPHGLDWH�YHU-
WHEUDH�UDQJHG�IURP���WR����7KHUH�ZHUH��±��SUHDQDO�FDXGDO�
YHUWHEUDH��ZKLOH�SRVWDQDO�FDXGDO�YHUWHEUDH�ZHUH�PRVW�RI-
WHQ�����7KH�PRVW�FRPPRQ�YDOXH�RI�'±$�GLVWDQFH�ZDV����
YHUWHEUDH�DQG�D�PRGH�RI���YHUWHEUDH�ZDV�FRXQWHG�IRU�WKH�
'±&�� GLVWDQFH��7KH� YHUWHEUDO� IRUPXOD� RI�R. banarescui 
ZDV�����������������������������������������������������

Multiple Correspondence Analysis

0&$�ZDV�XVHG�WR�LQYHVWLJDWH�WKH�WD[D�DV�D�IXQFWLRQ�RI�WKH�
YHUWHEUDO�FROXPQ�VWUXFWXUH��7KH�RYHUDOO�LQHUWLD�RI�WKH�VDP-
SOH�ZDV���������7KH�ILUVW�WZR�GLPHQVLRQV�DFFRXQWHG�IRU�WKH�
ODUJHVW�SDUW�RI�WKH�WRWDO�YDULDELOLW\��H[SODLQLQJ��������RI�WKH�
LQHUWLD��)LJ������7KH�ILUVW�GLPHQVLRQ��F1��DFFRXQWHG��������
RI�WKH�WRWDO�LQHUWLD�DQG�JURXSHG�VSHFLPHQV�DFFRUGLQJ�WR�WKHLU�

Table 1. )UHTXHQF\�WDEOH�RI�WKH�YHUWHEUDO�FROXPQ�RI�Gobio and Romanogobio species.

Ɍ Ⱥ ɚ1 i
Species 37 38 39 40 18 19 20 21 10 11 12 3 4 5
G. ohridanus 1 15 6 12 10 22 2 10 10
G. balcanicus 2 6 12 1 15 4 12 8 2 9 9
R. stankoi 21 15 18 18 33 3 5 23 8
R. banarescui 1 23 12 2 32 2 3 31 2 4 26 6

C c1 c2

Species 17 18 19 20 21 0 1 2 3 4 15 16 17 18 19
G. ohridanus 6 16 4 15 3 7 13 2
G. balcanicus 1 11 8 1 11 8 1 3 11 5
R. stankoi 7 25 4 12 22 2 3 22 11
R. banarescui 2 21 13 7 25 4 1 19 16

Abbreviations are given in Material and methods.
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genera. Thus, it can be called the generic dimension. Positive 
loadings on the F1�IHDWXUHG�JHQXV�Gobio�ZLWK�D�ORZHU�WRWDO�
QXPEHU�RI�YHUWHEUDH��D�KLJKHU�QXPEHU�RI�DEGRPLQDO�YHUWH-
EUDH��D�ORZHU�QXPEHU�RI�FDXGDO�YHUWHEUDH��D�ORZHU�QXPEHU�
RI�SUHDQDO�YHUWHEUDH��D�ORZHU�QXPEHU�RI�SRVWDQDO�YHUWHEUDH��
DQG�D�ORZHU�QXPEHU�RI�SUHGRUVDO�YHUWHEUDH��7DEOH����)LJ������
1HJDWLYH�ORDGLQJV�RI�WKH�ILUVW�GLPHQVLRQ��F1) represented ge-
nus Romanogobio�ZLWK�D�KLJKHU�WRWDO�QXPEHU�RI�YHUWHEUDH��
D�ORZHU�QXPEHU�RI�DEGRPLQDO�YHUWHEUDH��D�KLJKHU�QXPEHU�RI�
FDXGDO�YHUWHEUDH��D�KLJKHU�QXPEHU�RI�SUHDQDO�YHUWHEUDH��DQG�
D�KLJKHU�QXPEHU�RI�SRVWDQDO�YHUWHEUDH��7DEOH����)LJ�����

The second dimension (F2��DFFRXQWHG�������RI�WKH�WR-
WDO�LQHUWLD�DQG�JURXSHG�HDFK�VSHFLHV�ZLWK�FHUWDLQ�FKDUDFWHU�
VWDWHV�RI�WKH�YHUWHEUDO�FROXPQ��7KXV��WKLV�GLPHQVLRQ�FDQ�
EH�FDOOHG�WKH�VSHFLHV�GLPHQVLRQ��)LJ������3RVLWLYH�ORDGLQJV�
associated G. ohridanus�ZLWK����YHUWHEUDH�LQ�DEGRPLQDO�
UHJLRQ�DQG�ZLWK�WKH�DEVHQFH�RI�SUHDQDO�YHUWHEUDH��DQG�R. 
banarescui�ZLWK����DEGRPLQDO�YHUWHEUDH����DQG���SUHDQDO�
YHUWHEUDH��DV�ZHOO�DV����FDXGDO�YHUWHEUDH��1HJDWLYH�ORDG-
LQJV�RI�F2 associated R. stankoi�ZLWK�WKH�KLJKHVW�QXPEHU�
�����RI�SRVWDQDO�YHUWHEUDH�REVHUYHG� LQ�DOO� WD[D� �)LJ������
Gobio balcanicus�ZDV�DVVRFLDWHG�ZLWK�WKH�ORZHVW�QXPEHU�
RI�WRWDO�YHUWHEUDH�������WKH�ORZHVW�QXPEHU�RI�SRVWDQDO�YHU-
WHEUDH�������DQG� WKH�SUHVHQFH�RI����SUHGRUVDO�YHUWHEUDH��
7KHVH�FKDUDFWHU�VWDWHV�GLG�QRW�FRQWULEXWH�VLJQLILFDQWO\�WR�
WKH�IRUPLQJ�RI�WKH�VHFRQG�GLPHQVLRQ��EXW�WR�WKH�WKLUG�GL-
mension (F2) (Table 2).

7KH�'±$�GLVWDQFH�ZDV�QRW�FORVHO\�DVVRFLDWHG�ZLWK�DQ\�
RI�WKH�JHQHUD��VLQFH�LW�VLJQLILFDQWO\�FRQWULEXWHG�WR�WKH�FUH-
DWLRQ�RI�WKH�VHFRQG��VSHFLHV�GLPHQVLRQ��)LJ�����7DEOH�����
7KLV�ZDV�QRW�WKH�FDVH�ZLWK�'±&��GLVWDQFH��ZKHUH�ORZHU�
YDOXHV� ZHUH� DVVRFLDWHG� ZLWK� Romanogobio and higher 
YDOXHV�ZLWK�Gobio��)LJ�����7DEOH����

Discussion
The great variability in European gudgeon species that 
PDNHV�WKHLU�LGHQWLILFDWLRQ�GLIILFXOW�SHUSHWXDWHV�WKH�VFLHQ-
WLILF�LQWHUHVW�IRU�UHVROYLQJ�RI�WKHLU�WD[RQRP\��PRUSKRORJ-
ical and genetic diversity, and phylogenetic relations be-
WZHHQ�WKHP��)UH\KRI�HW�DO��������.RWWHODW�DQG�3HUVDW�������
Lusk et al. 2005; Mendel et al. 2008, 2012; Takács 2012; 
1RZDN�HW�DO��������������6]ODFKFLDN�DQG�1RZDN�������
=DQJO�HW�DO���������7KH�VWUXFWXUH�RI�WKH�YHUWHEUDO�FROXPQ�
RIIHUV�D�SRZHUIXO�WRRO�LQ�UHVROYLQJ�WD[RQRPLF�GLVWLQFWLRQ�
EHWZHHQ� JXGJHRQ� VSHFLHV� �1DVHND� ������ ������ 7DOD-
ELVKND��������7KH�WRWDO�QXPEHU�RI�YHUWHEUDH�LQ�JXGJHRQ�
species is usually provided as a meristic count, merely a 
FKDUDFWHU� XVHG� LQ� HLWKHU� GHVFULSWLRQ� RU� GLDJQRVLV� RI� WKH�
species (Karaman 1924; Drensky 1926; Kattoulas et al. 
������*UXSþH�DQG�'LPRYVNL�������'LPRYVNL�DQG�*UXSþH�
����������D���������6SHFLHV�ZLWKLQ�Gobio can have both 
ORZ��H�J�����±���LQ�Gobio maeandricus�1DVHND��(UN¶DNDQ�
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Figure 1.�5HVXOWV�RI�0XOWLSOH�&RUUHVSRQGHQFH�$QDO\VLV��0&$���6TXDUHV�UHSUHVHQW�FORVHO\�DVVRFLDWHG�FKDUDFWHU�VWDWHV�RI�WKH�YHU-
WHEUDO�FROXPQ�ZLWK�WKH�DQDO\]HG�VSHFLHV��7KH�QXPHULF�VX൶[HV�LQ�WKH�DFWLYH�YDULDEOHV�UHSUHVHQW�WKH�DFWXDO�QXPEHU�RI�YHUWHEUDH��WKH�
character state). Abbreviations: T – total vertebrae, A – abdominal vertebrae, C – caudal vertebrae, a1 – predorsal vertebrae, i – in-
termediate vertebrae, c1 – preanal vertebrae, c2 – pos tanal vertebrae.
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HW�.�o�N����������±���LQ�G. bulgaricus) and a high to-
WDO�QXPEHU�RI�YHUWHEUDH��H�J�����±���LQ�Gobio battalgilae 
1DVHND��(UN¶DNDQ�HW�.�o�N������ and G. gobio, 40–42 
in Gobio microlepidotus�%DWWDOJLO���������VHH�1DVHND�HW�
DO��������6]ODFKFLDN�DQG�=ąENLHZLF]��������7KH�DQFHVWUDO�
YHUWHEUDO� VWUXFWXUH� RI�*RELRQLGDH� KDV� D� ORZ� WRWDO� QXP-
EHU�RI� YHUWHEUDH� �1DVHND�� �������Romanogobio has un-
dergone a specialization by increasing the total number 
RI�YHUWHEUDH��KRZHYHU�� WKLV�FRXQW� ���±���� LV� ORZ�ZLWKLQ�
*RELRQLGDH��\HW�KLJKHU�WKDQ�Gobio (Naseka, 1996). The 
UHVXOWV�LQ�WKLV�VWXG\�VKRZHG�WKDW�WKH�WRWDO�QXPEHU�RI�YHU-

tebrae in R. stankoi (39–40) and R. banarescui (38–40) is 
higher than in G. balcanicus (37–39) and G. ohridanus 
���±����WKXV�FRQILUPLQJ�WKHLU�LQWHUJHQHULF�GLIIHUHQFH�VXJ-
JHVWHG�E\�1DVHND���������)LJ�����

$V�WKH�WRWDO�QXPEHU�RI�YHUWHEUDH�GRHV�QRW�UHIOHFW� WKH�
LQWHUQDO� VWUXFWXUH� RI� WKH� YHUWHEUDO� FROXPQ� �)RUG� �������
RQO\�UHFHQWO\�LW�KDV�EHHQ�DQDO\]HG�IRU�V\VWHPDWLF�SXUSRV-
HV�LQ�*RELRQLGDH��UHYHDOLQJ�WKDW�WKUHH�VWDWHV�RI�DEGRPL-
QDO±FDXGDO�UDWLR��$�&��FDQ�EH�QRWLFHG�ZLWKLQ�Romanogo-
bio and Gobio��DQ�HTXDO�QXPEHU�RI�DEGRPLQDO�DQG�FDXGDO�
YHUWHEUDH��$� �&���WKH�SUHYDOHQFH�RI�WKH�DEGRPLQDO�RYHU�
WKH�FDXGDO�YHUWHEUDH��$�!�&��DQG�SUHYDOHQFH�RI�WKH�FDX-
dal over the abdominal vertebrae (C > A) (Naseka 1996). 
7KH�ODWWHU�LV�WKH�V\QDSRPRUSK\�RI�Romanogobio that sup-
ported its re-evaluation as a distinct genus (Naseka 1996). 
7KH�OLWHUDWXUH�GDWD�IURP�RWKHU�VWXGLHV�PDLQO\�IROORZ�WKLV�
GLVWULEXWLRQ�SDWWHUQ�RI�$��&�UDWLR�ZLWK�IHZ�H[FHSWLRQV��VHH�
Table 3). G. balcanicus and G. ohridanus in this study 
VKRZ�RQO\�SUHYDOHQFH�RI�WKH�DEGRPLQDO�YHUWHEUDH��$�!�&��
�7DEOH�����ZLWK�WKH�DEGRPLQDO�UHJLRQ�RI�G. ohridanus be-
ing longer than in G. balcanicus��)LJ�����7DEOH�����7KLV�LV�
GXH�WR�WKH�KLJK�QXPEHU�RI�DEGRPLQDO�YHUWHEUDH������LQ�G. 
ohridanus��)LJ������DV�ZHOO�DV�WKH�ORZHU�QXPEHU�RI�SUHGRU-
sal vertebrae (10) in G. balcanicus (Tables 2, 4). On the 
other hand, even though both R. stankoi and R. banares-
cui� KDYH� DOO� WKUHH� VWDWHV� RI� DEGRPLQDO±FDXGDO� UDWLR�� WKH�
caudal region is relatively longer than the abdominal in 
ERWK�WD[D��)LJ�����7DEOHV��������EXW�ORQJHVW��XS�WR����YHU-
tebrae, in R. banarescui��)LJ�����7DEOHV��������7KH�UHVXOWV�
RI�WKHVH�VWXGLHV��RQFH�DJDLQ�FRQILUPHG�WKH�XVHIXOQHVV�RI�
WKH�$�&� UDWLR� LQ�GHWHUPLQLQJ� WKH� LQWHUJHQHULF�GLIIHUHQFH�
DQG�VKRXOG�EH�IXUWKHU�SXUVXHG�WR�XQORFN�LWV�WD[RQRPLF�SR-
WHQWLDO�ZLWKLQ�Gobio and especially Romanogobio species 
ZKHUH�GLIIHUHQW�$�&�UDWLRV�DUH�SUHVHQW�ZLWKLQ�RQH�VDPSOH�
RI�WKH�SRSXODWLRQ��7DEOH����

Table 2. 0&$�7HVW�YDOXHV�RI�DFWLYH�DQG�VXSSOHPHQWDU\�YDUL-
DEOHV�RI�WKH�¿UVW�WKUHH�GLPHQVLRQV��F1–F3��RI�Gobio and Roma-
nogobio species.

Variables/dimensions F1 F2 F3

G. balcanicus 5.2747 –2.4917 –6.0344
G. ohridanus 7.2362 3.0602 5.0598
R. banarescui –6.1045 6.6366 –2.1616
R. stankoi –4.3550 –7.1959 2.8035
Gobio 10.0791 0.5389 –0.6185
Romanogobio –10.0791 –0.5389 0.6185
T–37 2.5814 –1.0021 –1.9610
T–38 7.2024 1.3744 3.3163
T–39 –2.1713 0.8810 –6.6659
T–40 –5.1138 –1.9306 5.4694
A–18 –1.4083 2.9341 0.0652
A–19 –7.6140 3.7337 –1.5859
A–20 4.3842 –7.0118 0.6810
A–21 5.5227 3.6861 1.3550
a1–10 3.4333 –0.7142 –6.1559
a1–11 –2.2183 1.4762 5.4949
a1–12 –1.5473 –1.5629 –0.0443
i–3 –0.7498 –0.0191 1.2853
i–4 –3.6924 –0.8966 0.5179
i–5 4.5125 0.9844 –1.4389
C–17 4.7232 1.6875 2.2329
C–18 7.6394 1.5278 0.9230
C–19 0.9732 –4.9035 –4.6068
C–20 –6.1563 –0.8856 –0.6382
C–21 –4.7953 3.1625 2.8794
c1–0 3.1875 3.0305 1.3755
c1–1 5.4977 –3.5517 2.2954
c1–2 –1.4358 –4.3843 –1.2417
c1–3 –5.2658 6.0253 –2.2559
c1–4 –1.8533 3.1669 0.9649
c2–15 1.7473 –1.1717 –2.8202
c2–16 4.4425 0.4983 2.2279
c2–17 2.8343 4.9311 –2.6849
c2–18 –4.4188 –2.2599 –1.5547
c2–19 –2.3886 –4.5805 5.6978
D–A–9 –0.3529 –1.8554 –0.8431
D–A–10 –0.4792 –3.5798 3.7303
D–A–11 –0.1206 3.5399 –1.0774
D–A–12 1.1978 1.0468 –3.9830
D–C1–7 –2.0285 2.8691 0.2018
D–C1–8 –7.4095 2.0236 –0.7995
D–C1–9 2.5828 –4.4943 2.1404
D–C1–10 6.3905 1.2563 –0.7728
D–C1–11 2.3469 0.7953 –2.2733

Abbreviations and grouping are given in Material and methods. Values 
GLVSOD\HG�LQ�EROG�DUH�VLJQL¿FDQW�DW�WKH�OHYHO�DOSKD� ������

Table 3.�5HODWLYH�IUHTXHQF\�RI�DEGRPLQDO�FDXGDO�UDWLR�LQ�GLI-
IHUHQW�VSHFLHV�RI�Romanogobio and Gobio�LQFOXGLQJ�UHVXOWV�RI�
this study.

Species A = C A > C C > A
G. gobio [1] �� ����� ����
G. soldatovi [1] ����
G. delyamurei [3] ����
R. uranoscopus [1] ��� ��� ���
R. kesslerii [1] ��� �� ���
R. ciscaucasicus [1] ��� ��� ���
R. pentatrichus [4] ��� ��� ���
R. albipinnatus [2] �� ���
R. belingi [2] ��� �� ���
R. vladykovi [2] ��� �� ���
R. tanaiticus [2] ���
R. parvus [5] ��� ���
R. benacensis [6] ����
G. ohridanus (this study) ����
G. balcanicus (this study) ����
R. banarescui (this study) ���� ���� �����
R. stankoi (this study) ����� ����� ���

$EEUHYLDWLRQV�DUH�JLYHQ�LQ�0DWHULDO�DQG�PHWKRGV��6XSHUVFULSW�H[SODQDWLRQ��
>�@�1DVHND���������>�@�1DVHND���������>�@�)UH\KRI�DQG�1DVHND���������>�@�
1DVHND�HW�DO����������>�@�1DVHND�DQG�)UH\KRI���������>�@�-HOLþ�HW�DO���������
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In addition to the abdominal and caudal regions, the 
QXPEHU�RI�YHUWHEUDH�LQ�WKHLU�UHVSHFWLYH�VXEXQLWV�SOD\V�DQ�
LPSRUWDQW�UROH�LQ�WKH�WD[RQRPLF�GLVWLQFWLRQ�EHWZHHQ�Go-
bio and Romanogobio species (Naseka 2001; Naseka et al. 
������%RJXWVND\D�HW�DO���������7KH�LQFUHDVHG�QXPEHU�RI�
SUHDQDO�YHUWHEUDH��ZLWK�FRQVHTXHQW�LQFUHDVH�RI�WKH�FDXGDO�
vertebrae) is another synapomorphic character that dis-
tinguishes Romanogobio�IURP�Gobio (see: Naseka 1996). 
7KH�SUHDQDO�VXEUHJLRQ�KDV�LWV�H[WHUQDO�PRUSKRORJLFDO�UH-
IOHFWLRQ� LQ� WKH� SRVLWLRQ� RI� WKH� DQXV�� EHLQJ� FORVHU� WR� WKH�
DQDO�ILQ�LQ�Gobio�DQG�GLVWDQW�IURP�WKH�DQDO�ILQ�LQ�Roma-
nogobio��IDYRULQJ�LW�DV�DQ�LPSRUWDQW�WD[RQRPLF�NH\�FKDU-
DFWHU��1DVHND�������1DVHND�DQG�)UH\KRI�������.RWWHODW�
DQG�)UH\KRI�������%RJXWVND\D�HW�DO��������)ULHGULFK�HW�DO��
2018). Preanal vertebrae in some Romanogobio species 
(e.g., R. kessleri��FRPSULVH���±���RI� WKH� WRWDO�QXPEHU�
RI�YHUWHEUDH��ZKLOH�LQ�RWKHUV��H�J���Romanogobio tanait-
icus Naseka 2001, Romanogobio belingi (Slastenenko, 
1934), and R. albipinnatus) they are high in number up 
WR����±����RI�WKH�WRWDO�QXPEHU�RI�YHUWHEUDH��7DEOH�����
,W�LV�K\SRWKHVL]HG�WKDW�WKH�ORZ�YDOXH�RI�SUHDQDO�YHUWHEUDH�
(plesiomorphic characteristic) in R. uranoscopus� ���±
���RI�7�� �7DEOH� ��� LV� GXH� WR� LWV� VSHFLDOL]DWLRQ� WRZDUGV�
UDSLG�ZDWHUV�WKDW�PRYHV�WKH�DQDO�ILQ�IRUZDUG��HORQJDWLQJ�
WKH�FDXGDO�SHGXQFOH�DW� WKH�H[SDQVH�RI�SUHDQDO�YHUWHEUDH�
�7DODELVKND��������7KH�HORQJDWLRQ�RI�WKH�SRVWDQDO�VXEUH-
JLRQ��XS�WR�����RI�WKH�WRWDO�QXPEHU�RI�YHUWHEUDH���7DEOH�
����ZKLFK�ZDV�VHHQ�DV�HFRORJLFDO�DGDSWDWLRQ��LV�RQH�RI�WKH�
osteological peculiarities that Talabishka (2014) used to 
SURSRVH�D�UHYLVLRQ�RI�DOO�JXGJHRQ�VSHFLHV�SUHYLRXVO\�DV-
signed under the species name uranoscopus.

7KH�SUHVHQWO\�UHSRUWHG�VWXG\�RI�Romanogobio species 
VKRZHG�WKDW�R. banarescui has up to 4 preanal vertebrae 

WKDW� FRPSULVH� ���RI� WKH� WRWDO� QXPEHU� RI� YHUWHEUDH��2Q�
the other side, R. stankoi�KDV�D�ORZHU�QXPEHU�RI�SUHDQDO�
YHUWHEUDH�����RI�7���FRQWULEXWLQJ�WR�D�VLJQLILFDQWO\�KLJKHU�
QXPEHU�RI�SRVWDQDO�YHUWHEUDH������WKDW�FRPSULVH�����RI�
WKH�WRWDO�QXPEHU�RI�YHUWHEUDH��7DEOHV�������)LJ������&RQ-
cerning Gobio�VSHFLHV�H[DPLQHG�LQ�WKLV�VWXG\��WKH�SUHDQDO�
subregion in G. ohridanus�LV�RQH�RI�WKH�VKRUWHVW�����RI�WKH�
WRWDO�QXPEHU�RI�YHUWHEUDH���7DEOH����GXH�WR�WKH�IUHTXHQW�
FKDUDFWHU�VWDWH�RI�DEVHQFH�RI�SUHDQDO�YHUWHEUDH� �)LJ������
7KHUHIRUH��WKH�SUHDQDO�VXEUHJLRQ�LV�VKRUWHU�LQ�G. ohrida-
nus than in G. balcanicus, even though both species have 
LGHQWLFDO� YDOXHV� RI� UDQJH� ��±�� YHUWHEUDH�� DQG� PRGH� ���
YHUWHEUD���7DEOH�����0RUHRYHU��WKLV�VWXG\�VKRZHG�WKDW�WKH�
D–C1 distance in R. banarescui�ZDV�WKH�VKRUWHVW����YHU-
WHEUDH���ZKLOH�LQ�G. ohridanus�LW�ZDV�WKH�ORQJHVW����±���
YHUWHEUDH���)LJ������ZKLFK�LV�LQ�OLQH�ZLWK�WKH�KLJK�QXPEHU�
RI�SUHDQDO�YHUWHEUDH�LQ�WKH�ILUVW�VSHFLHV�DQG�WKHLU�DEVHQFH�
LQ�WKH�VHFRQG�RQH��)LJ�����7DEOH�����VWURQJO\�FRQILUPLQJ�
DJDLQ�WKH�LPSRUWDQFH�RI�WKH�QXPEHU�RI�SUHDQDO�FDXGDO�YHU-
WHEUDH�DV�D�NH\�WD[RQRPLF�FKDUDFWHU�LQ�*RELRQLGDH�

Conclusions
,Q�WKLV�SXEOLFDWLRQ��IRU�WKH�ILUVW�WLPH��WKH�YHUWHEUDO�IRUPXOD�
RI���JXGJHRQ�VSHFLHV� LV�SUHVHQWHG��DQG�DOVR� IRU� WKH� ILUVW�
WLPH�� WKH� VWUXFWXUH� RI� WKH� YHUWHEUDO� FROXPQ� LV� DQDO\]HG�
WKURXJK�0&$�DQDO\VLV��ZKLFK�HQDEOHV�GHILQLQJ�WKH�FORVH-
O\�DVVRFLDWHG�FKDUDFWHU�VWDWHV�ZLWK�WKH�DQDO\]HG�WD[D��7KH�
JHQHUD�KHUHLQ�IDOO� LQ� OLQH�ZLWK�WKH�DOUHDG\�NQRZQ�FRQGL-
WLRQV�RI�ORZ�WRWDO�YHUWHEUDH�DQG�GRPLQDQFH�RI�WKH�DEGRPL-
nal region in Gobio��DQG�WKH�KLJK�WRWDO�QXPEHU�RI�YHUWHEUDH�
ZLWK�WKH�GRPLQDQFH�RI�WKH�FDXGDO�UHJLRQ�LQ�Romanogobio. 

Table 4.�5HODWLYH�IUHTXHQF\�RI�PRGDO�QXPEHUV�LQ�YHUWHEUDO�FROXPQ�LQ�GL൵HUHQW�VSHFLHV�RI�Gobio and Romanogobio including re-
VXOWV�IURP�WKLV�VWXG\�

Characters/ Ⱥ� ɚ1� a1� L� L� &� c1� c1� c2� c2�
Species RI�7 RI�7 RI�$ RI�7 RI�$ RI�7 RI�7 RI�& RI�7 RI�&
G. gobio [1] 52 28 53 12 22 48 5 10 43 90
G. soldatovi [1] 53 28 53 11 21 47 3 6 44 94
G. coriparoides [1] 54 28 52 13 24 46 3 6 44 94
R. uranoscopus [1] 50 30 59 10 20 50 5 9 45 91
R. kessleri [1] 49 28 56 12 25 51 8 15 44 85
R. ciscaucasicus [1] 50 26 53 12 24 50 5 11 45 89
R. persus [1] 49 27 55 11 23 51 5 9 47 91
R. albipinnatus [2] 47 ² ² ² ² 53 11 21 42 79
R. tanaiticus [2] 46 ² ² ² ² 54 12 22 42 78
R. belingi [2] 48 ² ² ² ² 52 10 19 42 81
R. vladykovi [2] 50 ² ² ² ² 50 7 14 43 86
G. bulgaricus [3] 54 26 48 ² ² 46 4 8 ² ²
G. carpathicus [4] 51 25 49 8 16 49 5 11 44 89
R. uranoscopus [4] 49 25 52 9 18 51 4 7 47 93
R. kessleri [4] 44 25 57 9 21 54 9 16 46 84
R. vladykovi [4] 48 25 52 9 19 52 7 13 45 86
G. ohridanus [5] 54 29 54 11 21 46 2 5 44 95
G. balcanicus [5] 52 27 52 11 22 48 4 7 44 93
R. stankoi [5] 49 28 57 10 21 51 4 9 46 91
R. banarescui [5] 48 28 58 10 21 52 7 14 44 86

$EEUHYLDWLRQV�DUH�JLYHQ�LQ�0DWHULDO�DQG�0HWKRGV��6XSHUVFULSW�H[SODQDWLRQ��>�@�1DVHND���������>�@�1DVHND���������>�@�1DVHND�HW�DO�� ��������>�@�
Talabishka (2014); [5] this study.
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:LWKLQ�JHQXV�Gobio�� WKH� FKDUDFWHU� VWDWH�RI����SUHGRUVDO�
vertebrae in G. balcanicus contributes to this subregion 
being shorter than in G. ohridanus��ZKHUH� ��� YHUWHEUDH�
ZLWKRXW�YDULDWLRQ�DUH�SUHVHQW��7KH�DEGRPLQDO�UHJLRQ�RI�G. 
ohridanus��FORVHO\�DVVRFLDWHG�ZLWK����YHUWHEUDH��LV�ORQJHU�
WKDQ�WKDW�RI�G. balcanicus (20 vertebrae). Due to the char-
DFWHU�VWDWH�RI���SUHDQDO�YHUWHEUDH��PRUH�IUHTXHQWO\�QRWHG�LQ�
G. ohridanus, the preanal subregion is shorter than in G. 
balcanicus.�:LWKLQ�Romanogobio the preanal subregion is 
VLJQLILFDQWO\� ORQJHU� LQ�R. banarescui (closely associated 
ZLWK� �� DQG� �� YHUWHEUDH�� WKDQ� LQ�R. stankoi��$QG� ILQDOO\��
R. stankoi� LV� DVVRFLDWHG�ZLWK� ��� SRVWDQDO� YHUWHEUDH� GLV-
SOD\LQJ�HORQJDWLRQ�RI�WKH�SRVWDQDO�VXEUHJLRQ�FRPSDUHG�WR�
R. banarescui.�6R��EDVHG�RQ�WKH�VWUXFWXUH�RI�WKH�YHUWHEUDO�

column, R. stankoi and R. banarescui�FRQVLGHUDEO\�GLIIHU�
DQG�ZH�RIIHU�D�K\SRWKHVLV�WKDW�WKH\�DUH�QRW�FRQVSHFLILF±DQ�
RSLQLRQ�WKDW�VKRXOG�EH�IXUWKHU�LQYHVWLJDWHG�XVLQJ�PRUSKR-
logical, osteological, and molecular markers.
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