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Introduction
Brown trout (Salmo trutta L.) is a frequently stud-
ied species, especially in molecular studies using 
mitochondrial DNA (mtDNA) control region (CR) 
as a main marker (Bernatchez 2001; cortey & 
García-Marín 2002; DellinG 2003; Duftner et al. 
2003; horvath et al. 2014). Mitochondrial DNA CR 
is often used in combination with other molecular 
markers (e.g., cytochrome b, some nuclear genes 
and microsatellites) in resolving phylogeographic 
(Bernatchez 2001; cortey et al. 2002, 2004; zhanG 

& hewitt 2003) as well as conservational, man-
agement and stocking problems (apostoliDis et al. 
2008; vera et al. 2010b; Kohout 2012; Kohout et 
al. 2013). Based on mtDNA data, Bernatchez et al. 
(1992) and Bernatchez (2001) recognised five ma-
jor groups within the brown trout complex: Atlantic 
(AT), Danubian (DA), Mediterranean (ME), mar-
moratus (MA) and Adriatic (AD) lineages. In ad-
dition, the new mtDNA lineage in the Duero River 
Basin (DU) has been recently proposed (suárez et 
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al. 2001; cortey & García-Marín 2002). It is en-
demic to this river basin and probably diverged from 
other Atlantic populations during the Pleistocene 
(vera et al. 2010a).

The Balkan Peninsula is considered a 
hotspot in the evolution of many European spe-
cies (Conservation International 2004). This is 
also reflected in the numerous nominal trout taxa 
(e.g., Salmo obtusirostris hecKel, 1851, S. taleri 
KaraMan, 1932, S. farioides, S. labrax pallas, 1814 
and S. macedonicus KaraMan, 1924) that have been 
described for the region by early studies. The status 
of the majority of these nominal trout taxa is still 
uncertain. The faunal distinctness of this area re-
sulted both from geotectonic events that separated 
the Mediterranean and Pontian drainages during the 
Tertiary, and from climatic events occurring in the 
beginning of the Quaternary that made the Balkan 
Peninsula a refuge area during that period (hewitt 
1999). Although brown trout is considered to be a 
component of the northern fish fauna, populations 
from non-glaciated refuge areas have persisted much 
longer than those in recently re-colonised northern 
areas after the glacial retreat, about 13,000 years BC 
(ferGuson 1989).

In order to clarify the phylogeography of brown 
trout in the Balkan region, variability of external 
morphological (hecKel & Kner 1858; KaraMan 
1927, 1932, 1933, 1938; KaraKousiset et al. 1991; 
DellinG 2002, 2003; Simonović et al. 2007) and var-
ious molecular characters have been studied. Studies 
on brown trout stocks in the Danubian lineage em-
ploying molecular markers are hitherto numerous 
(Duftner et al. 2003; JuG et al. 2004; sušniK et al. 
2005; marić et al. 2006; hasheMzaDeh et al. 2012; 
Kohout et al. 2013; Tošić et al. 2014). They all re-
vealed a great number of mtDNA haplotypes. The 
most distinct ones in the Western Balkans area are 
Da*Vr and Da*Dž (marić et al. 2006), as they differ 
from other Danubian haplotypes by two to five mu-
tations (Marić et al. 2006). However, relationships 
reconstructed between brown trout stocks employ-
ing either mtDNA or several informative microsatel-
lite markers did not lead yet to any sound taxonomic 
inference. Hence, the still unresolved taxonomy 
(Kottelat 1997) of brown trout stocks in the Danube 
River Basin remains their prominent feature.

In the Danube River Basin of the Western 
Balkans and their adjacent regions, snoJ (2004) re-
ports seven CR mtDNA haplotypes in brown trout 
of the Danubian and one haplotype of the Atlantic 
lineage in Slovenia. Further, MrDaK (2011) re-
ports only two (Da1 and Da2) widely dispersed 
CR mtDNA haplotypes and the same Atlantic hap-

lotype for brown trout in Montenegro. A high level 
of haplotype polymorphism with eight different CR 
mtDNA haplotypes has been found in the drainage 
area of the Danube River of Serbia. Four of them, 
i.e. Da*V1, Da*Dž, Da*Vr and Da23c, were novel 
for the Danubian lineage (marić et al. 2006; Tošić 
et al. 2014). JaDan (2007) reported Da2 haplotype 
for the upper section of the Gacka River in Western 
Croatia, in the drainage area of the Adriatic Sea 
Basin. In addition to these Danubian haplotypes, 
throughout Europe the introgression of brown trout 
of the Atcs1 haplotype is evident (snoJ 2004; MrDaK 
2011; marić et al. 2012; Simonović et al. 2014). 
Their hatchery origin in the Western Balkans area 
was clearly proved by marić et al. (2010).

Data for brown trout stocks in streams of the 
Danube River basin in the Bosnia and Herzegovina 
are not hitherto available. Brown trout is the prime 
target fly fishing species. The main fishery manage-
ment measure that hitherto compensated the fishing 
pressure on brown trout and their taking out has been 
stocking. It has been badly controlled, as proved by 
the introduction and translocation of many non-
native brown trout strains and haplotypes into the 
streams attractive for fishing. The purpose of this 
study is to present for the first time the variation in 
brown trout CR mtDNA that occur in the Una River 
drainage area as the westernmost part of the Danube 
River Basin in Bosnia and Herzegovina. This study 
would provide the starting point for greater conser-
vational efforts of the fisheries management with the 
wild brown trout stocks in the area.

Materials and Methods 
Studies of brown trout stock in the upper and 

middle sections of the Una River (a tributary of the 
Sava River) and its tributaries were accomplished at 
five sites (Fig. 1). The upper part of the Una River 
comprises the section close to Martin Brod with trib-
utaries (Krka River) and is isolated from the down-
stream section by the Great and Љtrbac Waterfalls 
which are 54 and 24 m high, respectively. That river 
section approximately matches the northern bound-
ary of the Una National Park. The downstream 
section of the Una River is further fragmented by 
Kostela Waterfalls situated about seven kilometres 
downstream of the city of Bihać, with approximately 
the same height as the Štrbac Waterfall.

Brown trout sampling was conducted in the ear-
ly autumn of 2012 and 2013, by electrofishing, using 
either an engine-powered electrofishing gear Suzuki-
Bosch™ (220 V DC, I = 6 A max) or battery-powered 
portable electrofishing gear AquaTech™ IG200/1® 
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(380 / 600 V DC, I = 15A max). Anal fin clip samples 
of brown trout collected from 43 brown trout were 
analysed: 28 samples from the Krka River, four sam-
ples from the Una River at Martin Brod, four samples 
from the Una River at Loskun, three samples from the 
Krušnica River and four samples from the Svetinja 
River at Bosanska Krupa (Fig. 1). After the fin clips 
were taken, fish was released into the water.

Total DNA was extracted from the tissue sam-
ples with the size of approximately 4 mm2 preserved 
in 96% ethanol, using the High Salt Extraction 
technique (Miller et al. 1988). Amplification of 
the CR was carried out using primers 28RIBa (5’-
CACCCTTAACTCCCAAAGCTAAG-3’; snoJ et 
al. 2000) and HN20 (5’-GTGTTATGCTTTAGT-
TAAGC-3’; Bernatchez & DanzMann 1993) un-
der the following conditions: initial denaturation 
(95oC, 5 min) followed by 30 cycles of strand de-
naturation (94oC, 45 s), primer annealing (52oC, 
45 s) and DNA extension (72oC, 2 min; the last ex-
tension prolonged to 5 min) in the programmable 
MultiGene® Thermo Cycler TC9600-G-230V™ 
(Labnet International, Inc.®). Each PCR reaction 
within volume of 30 μl contained 10 μM of each 

primer (Thermo Scientific®), 10 mM dNTP, 10X 
PCR buffer with MgCl2 (Kapa Biosystems®), 1U 
of Taq polymerase (Kapa Biosystems® and Thermo 
Scientific®) and 100 ng (i.e. 1 μl) of genomic DNA. 
Amplified DNA fragments were run on a 1 % agar-
ose gel using Applichem® SYBR Green™ for visual-
isation. Samples with PCR products were sequenced 
and purified at MACROGEN® Europe. Sequencing 
reactions were performed in a DNA Engine Tetrad 
2 Peltier Thermal Cycler (BIO-RAD) using the ABI 
BigDye® Terminator v3.1 Cycle Sequencing Kit 
(Applied Biosystems), following the protocols sup-
plied by the manufacturer by single-pass sequencing 
on each template using forward (28RIBa) primer that 
revealed the complete CR sequence. Sequences were 
aligned using program ClustalX2 with those from 
the GenBank (larKin et al. 2007). Haplotype diver-
sity in all localities was calculated using Arlequin 
3.5 software package (excoffier 2015).

Results
As a result of sequencing, each individual for a CR 
in a length of 1080 bp we detected three CR mtDNA 

Fig. 1. Circles denote sampling sites from the Una River drainage area in Bosnia and Herzegovina 
(1 - Krka River, 2 –Una River at Martin Brod, 3 –Una River at Loskun, 4 –Krušnica River, 5 –Svetinja 
River). Squares denote hatcheries (1 – Martin Brod hatchery, 2 – Klokot hatchery, 3 – Krušnica hatchery). 
Rectangles denote waterfalls (A – Martin Brod waterfall, B – Štrbac waterfall, C – Kostela waterfall)
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haplotypes in total: two CR mtDNA haplotypes from 
the Danubian lineage (Da2 and Da22) and one from 
the Atlantic lineage (Atcs1; Table 1). The overall 
haplotype diversity of brown trout in the Una River 
was H = 0.0303 (Fig. 2). In the uppermost section, 
all 28 brown trout specimens from the Krka River, 
four of them from the upper Una River at Martin 
Brod and four from the Una River at the downstream 
locality Loskun, were fixed for the Da22 haplotype. 
In the downstream section of the Una River, in the 
tributary Svetinja River one brown trout was of the 
Da22 haplotype (25%), one of the Da2 haplotype 
(25%) and two brown trouts of the Atcs1 haplotype 
(50%), whereas in the Krušnica River two brown 
trout were of the Da22 (67%), and one of the Atcs1 
(33%) haplotypes. Haplotype diversity of brown 
trout in the Svetinja River was H = 0.5208 and in 
the Krušnica River H = 0.2963, whereas the pooled 
haplotype diversity for both downstream localities 
was H = 0.4373.

Discussion
Considering its dispersal and frequency of oc-

currence, Da22 haplotype is the most likely aborigi-
nal haplotype in the drainage area of the Una River 
, as it is in the Lohnbach and Daglesbach streams 
in Austria (Duftner et al. 2003). This discovery of 
Da22 as a native CR mtDNA haplotype is the first 
one for the Balkans, as well as for the area southern 
of the Alps. The impassable natural obstacles that the 
Љtrbac, Martinbrod and Kostela Waterfalls present 
to the upstream spreading of brown trout favour pre-
vention of upstream spreading of other haplotypes 
that are recorded in tributaries of the downstream 
section of the Una River.

The occurrence of Atcs1 haplotype in the lower 
section of the drainage area of the Una River implies 
its introduction there. Atcs1 haplotype was hitherto 
recorded throughout the Western Balkans (marić et 
al. 2006; JaDan 2007; MrDaK 2011; Simonović et al. 
2015). Its domestication for the hatchery rearing has 
long history but it also reveals apparent adverse ef-
fects of the strong introgression into the wild brown 
trout stocks in the streams where Atcs1 haplotype 
was stocked. Simonović et al. (2014, 2015) revealed 

its very strong invasive potential in trout streams in 
the area. That is a clear and unequivocal warning 
for the risk Atcs1 haplotype poses to the wild brown 
trout stocks.

Occurrence of the Da2 haplotype in trout 
streams joining the Una River in its middle sec-
tion also implies its introduction into the wild trout 
stock by stocking. This haplotype was first reported 
by Bernatchez et al. (1992). marić et al. (2006) 
recorded it from several localities in streams of 
the Danube River drainage area of Serbia together 
with the Da1 haplotype, as well as with the drain-
age-specific haplotype Da23c (Tošić et al. 2014), 
exclusive for the drainage area of the Crni Timok 
River (Danube River drainage area, Eastern Serbia) 
in streams known to be subject to stocking. MrDaK 
(2011) reported its occurrence in 18% of the brown 
trout specimens from the Tara River in Montenegro, 
together with brown trout of the Da1 and At1 hap-
lotypes. He also reported the Da2 haplotype occur-
ring alone in brown trout from the Vrijeka River in 
the Fatničко karst field, Herzegovina. JaDan et al. 
(2007) reported brown trout of the Da2 haplotype 
in the Gacka River in the Lika karst field, Western 
Croatia, where it occurred together with the stocked 
brown trout of the Atlantic lineage. The remarkably 
lower frequency of occurrence of brown trout of the 
Da2 haplotype as compared to that of Da1 in streams 
of Serbia suggests that brown trout specimens of 
Da2 haplotype were introduced there by stocking as 
demonstrated by Simonović et al. (2015). However, 
JaDan (pers. comm.) considers the status of brown 
trout of the Da2 haplotype indigenous. 

Table 1. Haplotype distribution for each sampling point according to Figure 1

Haplotype Krka River Una River at Martin 
Brod

Una River at 
Loskun Krušnica River Svetinja River

Da22 28 4 4 2 1
Da2 - - - - 1
Atcs1 - - - 1 2

Fig. 2. Participation of brown trout CR mtDNA 
haplotypes in the Una River drainage area
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In the study area there are hatcheries and trout 
farms: one each on the upper stretch of the Una 
River at Martin Brod, as well as on the Klokot and 
Krušnica Rivers that join the Una River in its mid-
dle section (Fig. 1). Those hatcheries mainly spawn 
and rear rainbow trout Oncorhynchus mykiss, but 
also brown trout and grayling Thymallus thymallus 
for stocking purposes. Considering that the biggest 
fish farm at the city of Martin Brod is in the area of 
the still wild brown trout stock, ultimate precautions 
are necessary to avoid introduction of brown trout of 
any non-indigenous haplotype there. In addition, it 
seems that brown trout of the Da22 haplotype have 
already been domesticated in hatcheries and reared 
for stocking purposes. marić et al. (2006) recorded 
brown trout of the Da22 haplotype in the Rosomačka 
River, while Simonović et al. (2015) recorded them 
in the Jerma River (Južna Morava River drainage 
area), both of them certainly being subject to stock-

ing since 2008 and likely even before. To the best of 
our knowledge, currently none of the streams in the 
Western Balkans holds that brown trout haplotype as 
a native one.

The preliminary findings reveal the introgres-
sion (75% in total) of two alien strains of brown 
trout into the stocks of the Svetinja River, and of 
brown trout of Atlantic lineage (33%) in the brown 
trout stock of the Krušnica River, which confirms 
the high invasion potential of these haplotypes as 
demonstrated by Simonović et al. (2015) and the risk 
they pose to the wild brown trout stock.
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