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Abstract:

Sabanejewia romanica was recorded for the first time on the territory of Serbia in three direct tributaries of

the Danube River (Recka River, Slatinska River and Zamna River). This is the first record of the species
outside Romania, the westernmost point of its occurrence and the first verified record of the species from
the right tributaries of the Danube River. Genetic characterisation of the Serbian specimens showed that
they are the most related to the Romanian S. romanica, with a high recorded net evolutionary divergence
between them. Further studies with included populations from the whole geographical range of S. romanica
should provide an accurate picture of genetic diversity and phylogenetic relations within the species.
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Introduction

The genus Sabanejewia Vladykov, 1929 (golden
loaches) includes small freshwater fishes distributed
in the Ponto-Caspian basins and some river systems
in the Baltic, Aegean and North Adriatic Sea basins.
From eight species recognized in Europe (KOTTELAT
& FreEYHOF 2007), four inhabit the Danube drain-
age: Balkan golden loach Sabanejewia balcanica
(Karaman, 1922), Bulgarian golden loach Sabane-
Jjewia bulgarica (Drensky, 1928), Romanian golden
loach Sabanejewia romanica (Bacescu, 1943) and
Eastern Carpathian golden loach Sabanejewia val-
lachica (Nalbant, 1957). Among listed species, S.
balcanica has the widest distribution in the Danube
drainage, mainly in the middle and upper parts of
medium-sized rivers. On the other hand, S. bulgari-
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ca inhabits the main riverbed of the middle and low-
er Danube and the lowermost parts of its tributaries.
Sabanejewia vallachica and S. romanica are Roma-
nian endemics. Sabanejewia vallachica occurs in
lalomita and the Siret river systems. In contrast, S.
romanica, with its type locality in the Bratia River
(Arges river system), also occurs in Vedea, Olt, Jiu,
Topolnita and Mures river systems (BANARESCU
1964, KOTTELAT & FREYHOF 2007, MARESOVA et al.
2011). Moreover, in its Romanian distribution area,
S. romanica lives in the mountain and hill rivers in
the grayling fish zone. It occurs with the Mediterra-
nean barbel Barbus petenyi Heckel, 1852, common
nase Chondrostoma nasus (Linnaeus, 1758) as well
as chub Squalius cephalus (Linnaeus, 1758). Addi-
tionally, S. romanica rarely occurs downstream to
the barbel fish zone. Instead, it occurs in the parts
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of the rivers with the sandy and gravel substrate
(BANARESCU 1964).

So far, the most extensive phylogenetic study
of Sabanejewia based on the mtDNA data (PERD-
ICEs et al. 2003) identified six main monophyletic
lineages inside the genus: Sabanejewia larvata, S.
romanica, Sabanejewia aurata, Sabanejewia cau-
casica, Sabanejewia kubanica, Sabanejewia baltica
and the Danubian-Balkanian complex consisting of
six sublineages with a dominant position of S. bal-
canica within them (KrIZEx et al. 2020). However,
one common deficit of the performed studies was that
they did not include samples from type localities for
all the examined species. Moreover, in the region of
Central Europe and the Balkans, the taxonomic status
of Sabanejewia populations in the Danube basin is
still uncertain (EROs et al. 2003, AHNELT & MIKSCHI
2004, KovAC 2015, SALy 2019, KriZex et al. 2020).

Of the listed Sabanejewia species, two have
been recorded in Serbia to date: S. balcanica in the
Black Sea and the Aegean Sea basin (SIMONOVIC
2001) and S. bulgarica in the main riverbed of the
Danube River and lower part of the Nera River
(BAMMER et al. 2015, MILJANOVIC et al. 2016).

This work presents the first record of the Ro-
manian golden loach S. romanica in Serbia.

Materials and Methods

Sample collection and identification

The sampling sites were located at Recka River
(44°29°23.7°N  22°26°01.0”E), Slatinska River
(44°24°29.2”N 22°26°33.5”E) and Zamna River
(44°19°60.0”N 22°24°12.7”E). All three rivers flow
into the Danube from 871 to 883.5 rkm (Fig. 1).
Since sampling sites were stationed between
the Djerdap I and Djerdap II Hydropower Plants,
in order to determine the potential distribution of
S. romanica in the broader area of Danube drain-
age in Serbia, additional field trips were performed.
Upstream of the Djerdap I Hydropower Plant, inves-
tigation sites were in the Pek River, Brnjicka River
and two sites in the Porecka river system. Further
four sites were in the Timok river system, down-
stream of the Djerdap II Hydropower Plant (Fig. 1).
Fish sampling was performed with electrofish-
ing appliance type SEN. The length of individuals
was taken using a measuring tape to the nearest
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Fig. 1. Distribution of Sabanejewia romanica. Green circles represent the S. romanica populations recorded in Serbia.
With violet, blue and light and dark grey circles are marked investigation sites in Serbia, where the species was not
found. The light orange area represents the distribution of this species in Romania based on literature data.
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millimetre, while the weight was measured using a
digital balance scale to the nearest gram. Sex was
determined by dissection. Sampled specimens were
photographed using Nikon digital camera. Voucher
specimens were deposited in the ichthyological col-
lection of Sasa Mari¢ at the Faculty of Biology, Bel-
grade, Serbia (Catalogue ID: S/2021/1-5).

Two female and one juvenile specimen of S.
romanica were caught in the Slatinska River (Fig.
2, 3, 4), while in each Zamna and Recka rivers, one
female specimen was caught on August 31st, 2021.
For comparison purposes, five and four specimens
of S. balcanica were sampled from the Slatinska
and Porecka rivers, respectively. Fin clips of S. ro-
manica and S. balcanica specimens were preserved
in 96% ethanol for subsequent molecular analysis.

The identification was performed using keys to
the species of the genus Sabanejewia (BANARESCU
1964, IvaNOVA & DoBROVOLOV 1999, KOTTELAT &
FrREYHOF 2007). In order to avoid misunderstanding
of the count of the dorsal and anal fin branched rays,
the two last branched rays, which are articulated on
a single pterygiophore, were counted as separate.

Genetic characterisation of specimens

Genomic DNA was extracted with the Geneaid™
DNA Isolation Kit (Tissue) (Geneaid Biotech).

Individuals were genotyped by sequencing
part of the mitochondrial marker cytochrome b (cyt
b). A fast mutation rate and the number of informa-
tive sites make it a reliable and informative marker,
widely used in the population, phylogenetic and
taxonomic studies.

Amplification was performed in a total vol-
ume of 25 ul by a commercial kit (PPP Master Mix;
Top-Bio). Cyt b was amplified with the primers
BarbusCTb-intF (5’-GGCTCYTAYCTBTAYAAR-
GAAAC-3") and ThrR (MACHORDOM & DOADRIO
2001) under the conditions described in SANDA et
al. (2008). Sequencing reactions were performed by
Macrogen Inc with the use of primer BarbusCTb-
intF. Sequences were edited and aligned by hand
using programs Chromas 2.6.5° Technelysium Pty.
Ltd and AliView (LARssON 2014).

Additional cyt b sequences representing six
main evolutionary Sabanejewia mtDNA lineages and
the Danubian—Balkanian complex were taken from
GenBank (Appendix 1) and used as reference data.

In the MEGAL11 software (TAMURA et al. 2021),
the net evolutionary divergence over sequence pairs be-
tween Sabanejewia taxa sequences (Appendix 1) was
estimated using the Kimura-2-parameter model (Kmvu-
RA 1980). The rate variation among sites was modelled
with a gamma distribution (shape parameter = 1).

Results

The identification of the species was determined by
distinctive external morphological characters. The
morphological character not observed in any other
species of the genus Sabanejewia is a thin black dot-
ted line along the flank, positioned between the head
and the caudal base. Elliptical or rounded blotches
situated on the dotted line in the mediolateral row
(10-13) and rectangular blotches on the back row
(12-13) were observed (Appendix 2). On the back of
the head, there were two dark bands that are ended
with V-form. Adipose crests on the caudal peduncle
were weakly developed, and two dark semi-circular
spots at the caudal base are hardly visible. The num-
ber of rays in the fins: D [-11 6-7; AI-11 5-6; P17; V
15-7; C111-12 1. All mentioned characters are di-
agnostic for S. romanica except the number of rays
in D, A, and V fins, which slightly differed in the
number of unbranched rays compared to literature
data (Appendix 2; BANARESCU 1964, IvaNOVA & Do-
BROVOLOV 1999). However, the count of fin rays did
not contain useful information for discrimination
between S. romanica and S. balcanica specimens.
There were recorded minor differences between in-
dividuals but also an overlap between the two spe-
cies on the population levels (Appendix 2).

A total of 776 bp of the cyt b gene were resolved
with sequence analysis in 14 individuals. Identifica-
tion of ¢yt b haplotypes showed that five specimens
from the Recka, Slatinska and Zamna rivers carried
haplotypes mostly related to the S. romanica from Ro-
mania (Arges river system), with an estimated 0.039
net evolutionary divergence between them (Table 1).
The remaining nine individuals carried S. balcanica
haplotypes. Furthermore, considering S. balcanica
and Serbian S. romanica specimens, discrimination
was evident with the detected high net evolutionary
divergence value (0.148). The overall net evolution-
ary divergence between Sabanejewia species ranged
from 0.001 (S. balcanica and S. bulgarica) to 0.196
(S. larvata and S. romanica specimens from Serbia)
(Table 1), with the notable high values between Ser-
bian and Romanian S. romanica in comparison to the
other Sabanejewia taxa (Table 1).

In the investigated remaining part of the border
area between Serbia and Romania, which mostly in-
cluded direct tributaries of the Danube River in Ser-
bia, S. romanica was not recorded (Fig. 1).

In the Serbian part of its distribution, S. ro-
manica occurred with chub, spirlin A/burnoides cf.
bipunctatus (Bloch, 1782), Danube barbel Barbus
balcanicus Kotlik, Tsigenopoulos, Rab & Berrebi,
2002, stone loach Barbatula barbatula (Linnaeus,
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Fig. 3. Representative specimens of Sabanejewia balcanica from the Svrljiski Timok (a), Sabanejewia romanica from
the Slatinska River (b) and Sabanejewia romanica from the Cibin River, Olt river system, Romania (c).
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Fig. 4. Representative specimens of Sabanejewia balcanica (a, b, ¢) and Sabanejewia romanica (d, e, f) from the Sla-

tinska River after preservation in 96% ethanol.

the species’ phenotypic plasticity as well as the geo-
graphical isolation of the newly-recorded popula-
tions (NORTON et al. 1995, VELICKOVIC et al. 2020).

Mitochondrial DNA ¢yt b gene analyses
showed that the Serbian specimens are the most re-
lated to Romanian S. romanica, with the high val-
ues of evolutionary divergence implying the high
diversity within the group. However, the informa-
tion regarding the position of the newly recorded
Serbian specimens should be considered as prelimi-
nary. The main difficulty for conclusions is the lack
of coverage of the entire area of species occurrence.
Previously analysed locations in Romania are in the
Arges river system, the most eastern part of its dis-
tribution (BANARESCU 1964, FREYHOF & KOTTELAT
2008; Fig. 1), while the newly identified popula-
tion in Serbia is in its most western part. Additional
sampling and appropriate coverage of the species
geographical range from the central and western
part of its occurrence in Romania (Vedea, Olt, Jiu,
Topolnita and Mures river systems), would provide
an accurate picture of genetic diversity and phyloge-
netic relationships within the species.

Moreover, since the heterogeneous European
Sabanejewia taxa have an origin that cannot be traced
back to a single event, especially within the Danube
drainage (PERDICES et al. 2003), the detailed phylo-
genetic inference would further provide information
whether S. romanica is a species complex rather than
a single homogeneous entity within Sabanejewia.
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New information provided in this work regard-
ing areas of S. romanica occurrence is important for
knowing both its actual distribution in Serbia and its
global distribution, especially considering that the
systematic status of some populations of the genus
Sabanejewia in Central Europe and the Balkans is
still ambiguous (KRIZEK et al. 2020).

Moreover, S. romanica has been listed as a Near
Threatened (NT) in the [IUCN Red List (FREYHOF &
KotteLar 2008). However, the species may have an
even more threatened status in Serbia because it in-
habits only three localities, of which a very poor hy-
drological status characterises the Zamna and Recka
rivers. Furthermore, due to the great droughts, these
two rivers did not have a continuous flow at the time
of sampling and the species abundance was very
low in them.

To determine and implement future conserva-
tion measures, it is necessary to conduct more de-
tailed investigations to assess the population size
and threats. In Serbia, the most abundant population
of S. romanica is recorded in the Slatinska River,
where it is about ten times rarer than S. balcanica,
with which it may potentially hybridise. Further-
more, hybridisation can occur even among different
genera of the family Cobitidae. VASIL’EVA & VASIL’EV
(2019) demonstrated that hybridisation occurred
between Cobitis and Sabanejewia. Therefore, this
could be an additional threat for S. romanica and,
therefore, a subject of future investigation. Addi-
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tionally, the identified populations are isolated from
the main group of populations in Romania and need
special management and conservation measures.

Future research should include phylogenetic
and population genetic studies to access the genetic
diversity of the populations in Serbia. A particular
emphasis should be on the inclusion of reference
Romanian populations to determine potential colo-
nisation routes and population ancestry as well as to
provide information regarding whether S. romanica
is a species complex or a single entity.
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Appendix 1. Sequences of Sabanejewia cyt b mitochondrial haplotypes retrieved from the NCBI base (National Center for Bio-
technology Information) (SAYERs et al. 2022), including the new haplotypes described in this work (marked with an asterisk).

Haplotype Taxa A;lc:;fls)ieorn Haplotype Taxa ic:lens;ie(;n
SR1* Sabanejewia romanica ON866527 Timisl Sabanejewia balcanica AY 059346
SR2* Sabanejewia romanica ON866528 Neral Sabanejewia balcanica AY 059345
55SAB Sabanejewia romanica AF263095 Petrinjcical Sabanejewia balcanica HQ291797
61SAB Sabanejewia romanica AF263096 Petricnjica2 Sabanejewia balcanica HQ291798
G74 Sabanejewia romanica AF499196 Petricnjica3 Sabanejewia balcanica HQ291799
G23 Sabanejewia romanica AF499197 S. bulgarica Sabanejewia bulgarica AF499188
213CRO Sabanejewia romanica AY 059337 H43 Sabanejewia bulgarica MN149894
A1857 Sabanejewia romanica EF508595 H44 Sabanejewia bulgarica MN149895
SB1* Sabanejewia balcanica ON866529 H45 Sabanejewia bulgarica MN149896
SB2* Sabanejewia balcanica ON866530 H46 Sabanejewia bulgarica MN149897
SB3* Sabanejewia balcanica ON866531 218CRB Sabanejewia bulgarica AY 059353
Isolate 1 Sabanejewia balcanica AF499171 2¢ Sabanejewia montana AF499199
Isolate 2 Sabanejewia balcanica AF499172 282 Sabanejewia montana AF499175
2b Sabanejewia balcanica AF499194 453G Sabanejewia doiranica AY 059354
3b Sabanejewia balcanica AF499195 467G Sabanejewia doiranica AY 059355
H13 Sabanejewia balcanica MW239636 436CRR Sabanejewia radensis AY 059360
Hapl6 Sabanejewia balcanica HQ291803 459CRR Sabanejewia radensis AY 059357
Hapl18 Sabanejewia balcanica HQ291804 1775G Sabanejewia thrakica AY 059363
Hap19 Sabanejewia balcanica HQ291805 1776G Sabanejewia thrakica AY 059364
Hap20 Sabanejewia balcanica HQ291806 127CRU Sabanejewia vallachica AY 059365
Hap21 Sabanejewia balcanica HQ291807 173CRU Sabanejewia vallachica AY 059371
Hap22 Sabanejewia balcanica HQ291808 Isolate 1 Sabanejewia kubanica AF499182
Hap23 Sabanejewia balcanica HQ291809 Isolate 3 Sabanejewia kubanica AF499184
Hap24 Sabanejewia balcanica HQ291810 Isolate 1 Sabanejewia aurata AF499186
Hap25 Sabanejewia balcanica HQ291811 245 Sabanejewia aurata AF499189
Hap26 Sabanejewia balcanica HQ291812 257MO Sabanejewia caucasica AY 059338
Hap36 Sabanejewia balcanica HQ291822 260MO Sabanejewia caucasica AY059339
Hap37 Sabanejewia balcanica HQ291823 265 Sabanejewia baltica AF499177
KOS51 Sabanejewia balcanica MT543261 266 Sabanejewia baltica AF499178
DRA1 Sabanejewia balcanica EF605341 41TA Sabanejewia larvata AY 059335
CrniTimok1* Sabanejewia balcanica HQ291818 49TA Sabanejewia larvata AY 059336
Usoral Sabanejewia balcanica HQ291836
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Sabanejewia romanica (Bacescu, 1943) (Actinopterygii: Cobitidae), a New Species for the Ichthyofauna of Serbia

Appendix 2. Comparative review of the key characters of the Sabanejewia balcanica and Sabanejewia romanica
specimens from the present study and those described by previous authors (BANARESCU 1964, IvaANOvVA & DOBROVOLOV
1999, KoTTELAT & FREYHOF 2007).

Sabanejewia romanica Sabanejewia balcanica
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@ = @ A =
Standard length | g | oo | 50 | 63 | 59 | <105 | 58 | 59 | 54 | 53 |52 | 76 | 73 | 63 | 63 | <90
(SL; mm)
Weight (g) 7 154139 52|44 - 43 | 42 1393737626151 52 -
Number of rays
. 16 | 17 |16 |17 |17 |[IHII7-9|16 | 16 | 17 |17 |17 |16 | 16 | 17 | 17 |I-1I16-9
in dorsal fin (D)
Number of rays
; m5| 15|15 |15 |16 | 158 |14 |15 |15 |15 | 14|15 |15 |15 | I5 |I-II4-6
in anal fin (A)
Numberofrays |y | yo | 17| g | 17| 1599 |15 16|17 |17 |17 |111 18|18 18| 1629
in pectoral fin (P)
Number of rays
; 16 | I5 | 15|15 15| 167 | 15|15 |15 |16 |16 |ISI|ISI|I51| 16 1156
in ventral fin (V)
Number of rays 11y ly oy p o g2 10121 110-121 112011201 1211141113 1112111211121 / | 1312)1
in caudal fin (C)
Number of
blotches on the 311 1 15 0 || osgs |12 13 10| 13 | 12| 9 |15 12| 12| 1020
dotted line in
mediolateral row
Number of
blotchesonthe | 13 | 13 | 12 | 12 | 12 | 9-14 11110 ] 15|15 9 |12 ] 11| 11 | 10-14
back row
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