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Background. Insufficiently controlled stocking compromises the high diversity of wild trout stocks of Serbia. Na-
tive brown trout, Salmo cf. trutta Linnaeus, 1758, and Macedonian trout, Salmo macedonicus (Karaman, 1924),
reveal remarkable diversity assessed using the mtDNA molecular markers, with the eight exclusive and several
more widely spread haplotypes found in them. Four alien trout species and strains and one strain of Macedonian
trout were introduced into the home areas of the native wild trout stocks in Serbia. In addition to them, wild tro-
ut stocks were also affected by farmed rainbow trout, Oncorhynchus mykiss (Walbaum, 1792), and brook trout
Salvelinus fontinalis (Mitchill, 1815), that regularly escape to streams, and from Ohrid trout, Salmo letnica (Ka-
raman, 1924), and Arctic charr, Salvelinus alpinus (Linnaeus, 1758), stocked into streams and reservoirs. Risk of
invasiveness that wild trout stocks are exposed to and their restoration were driving forces for this study.
Materials and methods. Trout specimens from the Jerma River sampled in 2013 were additionally analysed for
their mtDNA haplotype. The invasiveness potential of eleven alien trout species and strains introduced by stoc-
king into wild brown- and Macedonian trout stocks in Serbia were assessed with the Fish Invasiveness Screening
Kit (FISK).

Results. Five of introduced trout species and strains were classified as having a high risk (sensu lato) and two of
them as having a high risk (sensu stricto) of being (or becoming) invasive.

Conclusion. Progressively rising and insufficiently controlled fishing and management with stocking of non-in-
digenous trout in wild brown trout stocks are the main current threats to the original diversity. Alien brown trout
strains cross breed with native brown trout and incorporate into their stocks. Currently, feral rainbow-, brook-,
and Ohrid trout reveal great invasive potential by naturalization in waters heavily stocked with them. The fishe-
ries measures aiming to control and/or to eradicate alien strains of brown trout involve the restriction of stocking,
landing of trout suspected as of alien strain or species, as well as the stringent control of stocking material used for
the restorative stocking. They are mandatory, regarding the conservational dependence of wild brown trout stocks.
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INTRODUCTION

In the last ten years, the investigation of wild brown
trout Salmo cf. trutta Linnaeus, 1758 stocks in Serbia
(Fig. 1) has indicated high diversity in the watersheds of
all three seas occurring in the region (Black-, Aegean-,
and Adriatic seas). Mari¢ et al. (2004) reported for the first
time the occurrence of Macedonian trout, Salmo macedon-
icus (Karaman, 1924), as a native species in tributaries of
the Dragovistica River (i.e., Struma River drainage area
of the Aegean Sea basin). Three main clusters of Salmo
stocks appeared morphologically distinct and this finding

was consistent across their dispersal area (Simonovi¢ et al.
2005). Phylogenetic analysis (Simonovi¢ et al. 2007) con-
firmed the natural character of stocks by resolving them as
clades including brown trout from the Velika Morava River
drainage area and Macedonian trout from the Aegean Sea
drainage area. A distinct clade including Zeta trout, Salmo
cf. taleri (Karaman, 1933), from the Gradac Stream (a trib-
utary of the Kolubara River in the Sava River drainage area
in western Serbia, Black Sea basin) comprised also Atlantic
brown trout, Salmo trutta, which has hitherto been intro-
duced into Serbia for stocking purposes. Phylogenetic rela-
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tions reconstructed based on morphological characters were
concordant across the majority of clades with those inferred
using control region (D-loop) mtDNA analysis (Maric et al.
2006b), which proved to be a useful marker in the assess-
ment of the molecular diversity of brown trout stocks. Ac-
cording to this molecular marker, Bernatchez et al. (1992)
defined five main evolutionary lineages of brown trout: the
Danubian (Da), Atlantic (At), Adriatic (Ad), Mediterranean
(Me), and the marmoratus (Ma). Brown trout in streams of
Serbia were found to belong to three of those lineages: Da,
Ad, and At, each having several variants (haplotypes). In
addition to the widespread native (Dal, Adcs1, and Adcs11)
and introduced (Da2, Atcsl) mtDNA haplotypes, several
new, native haplotypes were discovered in all three drain-
age areas of Southern Serbia (Mari¢ et al. 2006a, Tosi¢ et
al. 2014). Some of them (Da-Vr, Da-Dz, and Ad-BoZ) were
found to be intermediate between the Danubian (Da) and
Adriatic (Ad) lineages (after Bernatchez et al. 1992). Also,
new and/or drainage-specific, native haplotypes of more ad-
vanced origin (Da-V1, Ad-Ti, Ad-Prz, and Ad-Pe) of wild
brown trout were recorded in south-western Serbia (Vlasi-
na River), southern Kosovo (Tisova and Erenik rivers),
and in the Metochia (Pecka and Prizrenska Bistrica rivers)
(Mari¢ et al. 2006a). Likewise, the tentatively vicariant
Da-s6 (Genbank accession code U18202) and Da22 haplo-
types, which were so far known only from the Caspian Sea
drainage area of Iran (Bernatchez 2001) and upper Danube
River basin in Austria (Duftner et al. 2003), respectively,
were reported for the Studenacka and Rosomacka rivers
in south-eastern Serbia. Finally, the last discovered native
mtDNA haplotype of wild brown trout was Da23c, which
Tosi¢ et al. (2014) reported as exclusive for eastern Serbia.

The exclusive occurrence of trout species of non-indig-
enous haplotypes in specific streams out of their native dis-
persal area (e.g., Adriatic trout, Salmo farioides Karaman,
1938, of the Ad-Prz mtDNA haplotype in the Tripusnica
River, Vardar drainage area; Macedonian trout of the Adcs1
haplotype in the Jerma River, Velika Morava drainage area)
(Table 1), points to the occurrence of stocking events into
either hitherto pristine streams (i.e., free of wild brown
trout), or streams holding wild brown trout of the Danu-
bian lineage, respectively. Also, Macedonian trout was re-
portedly stocked into the Jerma River about 15 years ago
(Mari¢ et al. 2006a), Lake Ohrid trout, Salmo letnica (Kar-
aman, 1924), was heavily and repeatedly stocked from a
hatchery into the Vlasina Lake in Southern Serbia in 1950s
and 1960s for commercial fishing purposes (Jankovi¢ and
Raspopovi¢ 1960).

In addition to translocated trout species and strains, al-
ien North American rainbow trout, Oncorhynchus mykiss
(Walbaum, 1792), and brook trout, Salvelinus fontinalis
(Mitchill, 1814), north European Arctic charr, Salvelinus
alpinus (Linnaeus, 1758), and the west-European Atlantic
strain of brown trout, Salmo trutta, of the Atcs] mtDNA
haplotype were also introduced into streams of Serbia by
stocking from hatcheries. Simonovi¢ et al. (2013) provided
an assessment of their invasiveness potential in the Balkans.

This paper aims to assess the susceptibility of wild
trout stocks holding native trout species to the poten-
tial risk posed by the introduction of alien trout species
and strains into the streams in Serbia. To this end, FISK
screening kit (Copp et al. 2005) was employed to esti-
mate the invasiveness potential of alien trout species and
strains listed as stocking material in Serbia (but also in
the broader Balkans region). By assessing stocking as a

Table 1
Alien haplotype proportions of resident trout in selected streams of Serbia
Stream n Natiye Native Introdgced Introduced A% References
species haplotype species haplotype

Recka 3 S.cf trutta Da23c S. cf. trutta Dal 33 Maric et al. 2006b
Crni Timok 26 S. cf. trutta Da23c S. cf. trutta Da2 48  Tosi¢etal. 2014
Gradac 3 S.cf taleri Dal S. cf. trutta Da2 33 Mari¢ et al. 2006b
Zmajevac 3 S.cf taleri Dal S. cf. trutta Da2 66  Maric et al. 2006b
Resava 2 S. cf. trutta Dal S. cf. trutta Da2 50  Maric et al. 2006b
Gradac 3 S.cf taleri Dal S. trutta Atesl 33 Mari¢ et al. 2006b
Gradac 3 S cf taleri Dal S. trutta Atcsl 33 Simonovi¢ et al. 2014
Rosomacka 3 S.cf trutta Dal S. cf. taleri Da22 33 Mari¢ et al. 2006b
Vrla 3 S.cf trutta Da-Vr S. macedonicus Adcsl 33 Mari¢ et al. 2006b
Lisina 2 S. macedonicus Ad-Boz S. macedonicus Adecsl 50  Mari¢ et al. 2006b
Dejan 3 S. macedonicus Ad-Boz S. macedonicus Adcsl 33 Mari¢ et al. 2006b
Brankovacka 2 S. macedonicus Ad-Boz S. trutta Atcsl 50  Mari¢ et al. 2006b
Pecka 8 S.farioides Ad-Pe S. farioides Adesll 50  Mari¢ et al. 2006b
Tripu$nica 5 — — S. farioides Ad-Prz 100 Mari¢ et al. 2006b
Jerma 4 S cf. trutta Dal S. macedonicus Adcsl 100  Maric¢ et al. 2006b
Jerma 4 S.cf. trutta Dal S. macedonicus Adcsl 100 Simonovi¢ unpublished
Jerma 11 S. cf. trutta Dal S. macedonicus Adcsl 36  This study
Jerma S. cf. trutta Dal S. trutta Atcsl 27  This study
Jerma S. cf. trutta Dal S. cf. taleri Da22 9  This study

n = number of analysed fish in a sample, A% percentage of trout with alien haplotype in the wild stock.
Y p p g plotyp
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vector of introduction of alien species and strains into
recipient waters and surveying how their native climate
and habitat features could match those of the recipient
area, management options are proposed for the streams
holding wild brown trout. Disengagement of stocking and
very exceptional restorative stocking with the hatchery
material originating from the locally adapted, domesticat-
ed brown trout strains as management options opposite to
the current fishery practice are proposed. They are to im-
prove the current status, both fishery and conservational,
of wild trout stocks that hold indigenous trout.

MATERIALS AND METHODS

Eleven trout species and strains alien to the recip-
ient brown trout streams of Serbia were assessed from
their recently recorded and previously known dispersal
areas. Trout species and strains originating from distant
zoogeographic regions (e.g., rainbow trout, brook trout,
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Fig. 1. Localities in Serbia, where original mtDNA haplo-
types in wild brown trout were recorded together with
those introduced by stocking; 1 = Recka Stream, 2 =
Crni Timok River, 3 and 6 = Gradac River, 4 = Zmaje-
vac Stream, 5 = Resava River, 7 = Rosomacka Stream,
8 = Vrla River, 9 = Lisina River, 10 = Dejan Stream, 11
= Brankovacka River, 12 = Pec¢ka River, 13 = Tripusni-
ca Stream, 14 = Jerma River; Solid black line close to
the bottom of the map delimits Black Sea (north), Adri-
atic Sea (south-western) and Aegean Sea (south-east-
ern) drainage areas

Arctic charr, and the Atlantic strain of brown trout) were
considered to be introduced following Richardson et al.
(2000), whose definitions were used throughout the pres-
ently reported study. Species native to and introduced
from streams of the Balkans area (e.g., of Dal, Da2, and
Da22 haplotypes of brown trout; Adcsl1 and Ad-Prz of
Adriatic trout; Adcs1Macedonian trout; and Ohrid trout
of unknown haplotype) were regarded as translocated.
The proportion of trout holding alien haplotypes for each
stream (Table 1) was calculated from records of geno-
typing (Mari¢ et al. 2006a, Tosi¢ et al. 2014) and from
records for the Jerma River as provided in the presently
reported study. Eleven trout individuals from the Jerma
River sampled in 2013 by fly fishing were additionally
analysed for their mtDNA haplotype using the meth-
odology for DNA extraction and D-loop amplification
described in ToS$i¢ et al. (2014). The amplified D-loop
region of the mtDNA was analysed using Alul and Satl
endonucleases. Alul cuts DNA exclusively between AG
and CT in a sequence. In trout of Adriatic lineage, Alul
cuts D-loop at three places, producing four segments (of
lengths of 563, 464, 37, and 4 bp) that show two bands
of appropriate position in the run (notably, the last two
fragments are too small for visualization on gel). In trout
of Danubian lineage, the same endonuclease cuts D-loop
at four places, producing five segments (of lengths 464,
311, 252, 37, and 4 bp) that display as three bands. Satl
endonuclease cuts DNA only between GC and NGC in
a sequence. In brown trout of Atlantic lineage, it cuts
D-loop at one place and gives two fragments (390 and
690 bp), whereas in brown trout of Danubian lineage it
does not cut D-loop and the whole D-loop of 1080 bp is
visualized on the gel. Amplified D-loop of each fish in the
sample was sequenced in Macrogen Inc. (Order number
141014FN-168).

The potential impact of non-native trout species and
strains to the native brown trout stocks was assessed us-
ing the FISK (Fish Invasiveness Screening Kit) protocol
originally developed for the UK by Copp et al. (2005).
This protocol consists of 49 questions about life-history
traits in two sections. Thirteen questions are related to
alien fish species biogeography and history of introduc-
tion, and 36 questions to their biology and ecology. All
questions are grouped into categories related to certain
sectors most likely to be affected by invasive alien fish
species. The ‘aquacultural/fisheries’ and ‘environmental’
categories contain eight questions each, the ‘nuisance’
category contains two questions, and category ‘com-
bined’ contains 31 questions shared with the categories
‘aquacultural/fisheries’ and ‘environmental’. Scoring be-
low the zero value assigns the “no invasiveness” status,
whereas the positive values determine alien species as
invasive with the low, medium, or high risk of invasive-
ness. The lowest possible score is —15 and the highest
possible score is 57 (Lorenzo Vilizzi personal commu-
nication).

Species and strains of trout were classified a priori as
either invasive or non-invasive (Table 2) following assign-
ment in the Invasive Species Specialist Group database® and
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FishBase (Froese and Pauly 2014). For translocated trout
species across the region (i.e., Macedonian-, Ohrid-, and
brown trout), the a priori assignment used in Simonovi¢ et
al. (2013) was followed. Because classification of invasive-
ness for brown trout strains of the Danubian lineage was
not available, they were categorized a priori as invasive.
The a priori invasiveness assignment was accomplished for
computation of Receiver Operating Characteristic (ROC)
curve analysis (Bewick et al. 2004), and the conservation
status available for particular trout species was followed
from IUCN (Anonymous 2014b). All eleven trout species
and strains were assessed by the first author (PS).

ROC analysis served to assess the predictive ability of
FISK to discriminate between invasive and non-invasive
species (Copp et al. 2009). Statistically, a ROC curve is a
graph of sensitivity vs. 1— specificity or, alternatively, sen-
sitivity vs. specificity), where in the present context sensi-
tivity and specificity will be the proportion of invasive and
non-invasive fish species, respectively, that are correctly
identified by the FISK tool as such. A measure of the accu-
racy of the calibration analysis is the Area Under the ROC
Curve (AUC). If the AUC is equal to 1.0 (i.e., the ROC
‘curve’ consists of two straight lines, one vertical from 0.0
to 0.1 and the other horizontal from 0.1 to 1.1), then the test
is 100% accurate because both sensitivity and specificity
are 1.0 and there are neither false positives (i.e., non-inva-
sive species categorized as invasive), nor false negatives
(i.e., invasive species categorized as non-invasive). Con-
versely, if the AUC is equal to 0.5 (i.e., the ROC ‘curve’ is

a diagonal line from 0.0 to 1.1), then the test is 0% accurate
as it cannot discriminate between true positives (i.e., actual
invasive species) and true negatives (i.e., actual non-inva-
sive species). Typically, the AUC will range between 0.5
and 1.0, and the closer the AUC to 1.0 the better the ability
of FISK to differentiate between invasive and non-inva-
sive species. ROC analysis was implemented with package
‘PROC’ for R™ using the 2000 default bootstrap replicates
(DeLong et al. 1988).

The best FISK threshold, that is the cut-off value that
maximizes the probability of correct classification of a spe-
cies as invasive whilst minimizing that of incorrect classi-
fication as non-invasive, was determined using both Youd-
en’s J statistics (Youden 1950) and the method of DeLong
(DeLong et al. 1988). Youden’s index J captures the perfor-
mance of the ROC analysis and is calculated as:

J = max{Sensitivity + Specificity — 1}

and it is the probability of an informed decision, as op-
posed to a random guess. Whereas, the DeLong method is an
exact means to evaluate asymptotically the uncertainty of an
AUC by determining the point closest to the top-left part of
the plot with perfect sensitivity or specificity. It is typically
faster than bootstrapping and pROC will choose the DeLong
method by default whenever possible. Optimality criteria for
threshold were modified as proposed by Schisterman et al.
(2005) and Perkins and Schisterman (2006).

Table 2

FISK assessment of particular nominal species and strains (mtDNA haplotypes) of trout (Salmonidae) alien
for streams holding brown trout stocks in Serbia

Score &

Species orstrain HPL INV IUCN  Outcome Score partition Questions answered Sector affected  Certainty
OUT Score BIO UAT ECO BIO UAT ECO Total AQA ENV NSC Factor
g;ﬁ;ghymh“s 2 4+ NE H 30 19 5 6 10 12 24 46 19 21 3 085
Salvelinus fontinalis ? + NE MH 22 12 4 6 10 12 24 46 16 20 2 0.83
Salvelinis alpinus ? - LR/LC M 16 12 3 1 10 10 20 40 11 13 2 0.85
Salmo trutta Atcsl  + NE H 28 18 7 3 9 11 24 44 16 21 3 0.88
Salmo cf. trutta Dal n/a LR/NT MH 18 11 6 1 8 12 24 44 12 11 3 0.83
Salmo cf. trutta Da2 n/a LR/NT MH 20 13 4 3 10 12 24 46 17 15 1 0.88
Salmo cf. trutta Da22 n/a LR/NT M 7 3 3 1 7 12 24 43 4 6 1 0.87
Salmo macedonicus Adesl - DD MH 22 15 4 3 10 12 24 46 17 15 3 0.87
Salmo farioides Adesll - NE M 9 4 4 1 8 12 24 44 5 8 1 0.85
Salmo farioides Ad-Prz - NE M 6 5 2 -1 8 11 22 41 4 7 0 0.91
Salmo letnica Ad,? - DD MH 18 14 3 1 10 12 23 45 7 14 3 0.80

HPL = haplotype, INV = A priori invasiveness, [UCN = IUCN status (Anonymous 2014), OUT = user defined outcome, BIO = biogeography,
UAT =undesirable attributes, ECO = biology/ecology, AQA = aquacultural, ENV= environmental, NSC = nuisance; ? = unknown haplotype;
+ = invasive, — = non-invasive, n/a = not available yet but considered invasive for the purpose of ROC analysis; DD = data deficient, LR = lower

risk, LC = least concern, NT = near threatened. NE =not evaluated; H =

“ http://www.issg.org

high sensu stricto, MH = medium high, M = medium.

** R Core Team 2014. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. http://www.r-project.org
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As each response in FISK for a given species is allo-
cated a certainty score (1 = very uncertain, 2 = mostly un-
certain, 3 = mostly certain, 4 = very certain), a ‘certainty
factor’ (CF) was computed as:

Y(CQ)-(4-49)"1 (=1, ...,49)

where CQ, is the certainty for question i, 4 is the max-
imum achievable value for certainty (i.e., ‘very certain’),
and 49 is the total number of questions comprising the
FISK tool. The CF therefore ranges from a minimum of
0.25 (i.e., all 49 questions with certainty score equal to 1) to
a maximum of 1 (i.e., all 49 questions with certainty score
equal to 4).

RESULTS

Contrary to expectation based on previous findings for
the Jerma River, restriction analysis with two endonucleas-
es revealed that trout in that river belong to three phyloge-
netic lineages (i.e., Adriatic, Danubian, and Atlantic) identi-
fied by Bernatchez et al. (1992) (Fig. 2). D-loop sequencing
revealed that four of eleven trout were of the Adcs1 haplo-
type, whereas one of the eleven trout individuals analysed
was of the Da22 haplotype and three of them of the Atcsl
haplotype. The sample also held three trout of the Dal hap-
lotype, most likely a native individual from the catchment.

FISK assessment of eleven introduced and translocat-
ed nominal trout species and haplotype strains resulted in
scores ranging from 6 (Adriatic trout of the Ad-Prz haplo-
type) to 30 (rainbow trout; Table 2; Appendix 1). The AUC
for the ROC curve (Fig. 3) was 0.7667 (0.3375-0.8014 95%
CI), hence proving the ability of FISK to distinguish relia-
bly between non-invasive and invasive trout species. ROC
analysis revealed eight actually positive and three actually
negative (i.e., brown trout of haplotypes Dal and Da22;
Macedonian trout of haplotype Adcsl) occurrences out of
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Fig. 2. Electrophoretic image of RFLP analysis of the Con-
trol Region in trout from the Jerma River using the Satl
(on the left half) and Alul (on the right half of the gel)
endonucleases; Two bands from the restriction using
Satl endonuclease reveal that trout denoted J7 and J13
on their mtDNA haplotype belong to the Atlantic lin-
eage, whereas a “slower” band (or only two of them
in total) in trout denoted J1, J2, J4, and J11 from the
restriction using Alul endonuclease reveals they hold a
haplotype of the Adriatic lineage
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Fig. 3. Fitted (dashed line) and empirical (solid line) Re-
ceiver Operating Characteristic (ROC) curve for eleven
alien trout species and strains from the ROC Analysis
(Lower and Upper 95% Confidence Intervals of Sensi-
tivity shown in grey)

the eleven trout species and strains assessed. The threshold
value of 19 generated by both Youden’s and DeLong meth-
ods was used to distinguish between “medium risk” trout
species and strains with the FISK scores within the interval
[1, 19[, and “high risk sensu lato” trout species within the
interval [19, 57[ (Fig. 3). The latter were further categorized
(after Britton et al. 2010) as “moderately high risk” (inter-
val [19, 25]), except rainbow trout and Atlantic brown trout,
who were categorized as “high risk sensu stricto” (interval
[25, 30[) category. Finally, there were no trout species or
strains classified as either “low risk” or “very high risk”,
i.e., a scores in the intervals [-15, 1]) and [30, 57], respec-
tively (Table 2). The mean certainty in assessor responses
for all species was 3.49 £ 0.031 SE (i.e., above the category
‘mostly certain’), and the mean CF was 0.85 £+ 0.010 SE.
Overall, six trout species and strains were regarded
as medium risk, and five of them as high risk sensu lato
(Fig. 4). In the latter group, rainbow trout and brown trout
of the Atlantic strain were categorized as high risk sensu
stricto. These were followed by brook trout, Macedonian
trout and brown trout Da2 haplotype which achieved the
highest scores in trout from the group of medium-high risk
category. The assessment criterion that contributed the ma-
jority to the high-score records for these trout species and
strains was Biogeography, whilst traits of Biology/Ecology
and Aquaculture and Environmental sectors were mostly
responsible for the differences between those categories.

DISCUSSION

Balkans (including Serbia) holds native brown trout
stocks with numerous taxa and strains that are still not
explained in taxonomical sense, but which doubtlessly re-
veal the prominent diversity of this group of fishes. Inva-
siveness assessment in such areas is difficult to achieve. In
this respect, the ability of brown trout strains to interbreed
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Fig. 4. Mean scores (+ standard error and n) for eleven trout
species and strains assessed by FISK in Serbia and cat-
egorized according to their a priori assigned invasive-
ness and conservation status (Table 2); Thresholds are:
<1 (Low risk) and > 19 (High risk), with Medium risk
trout species and strains in between; Risk categories
are: Low = [-15, 1[, Medium = [1, 19[, High sensu lato
= [19, 57]; Subcategories in the category High sensu
lato: Moderately high = [19, 25[ and High sensu stric-
to = [25, 30[ are here in concern (none of species was
categorized into the highest one, Very high = [30, 57])

is well documented. Given the absence of reproductive
isolation between distant brown trout strains, molecular
markers facilitate the tracing of introgression of genetic
material of stocked strains into the native wild brown trout
stocks. Until a resolution of the taxonomic ambiguity of
brown trout species complex in the Balkans is achieved, it
is argued that native (= wild) stocks of brown trout and re-
lated trout species can be investigated in conservation and
fishery studies based on independent concept of the Evo-
lutionary Significant Unit (ESU) of Crandal et al. (2000)
and Fraser and Bernatchez (2001). That concept recogniz-
es the uniqueness (in terms of genetic differentiation) of
any population valuable enough to deserve distinct status
and conservational efforts required for its preservation.
Notably, this conservation practice in trout management
has already been applied in Norway, Denmark, and Fin-
land (Taylor and Lightfoot 2003).

Despite the possibility of distinguishing brown trout
of Da lineage from that of At lineage on coloration pattern
(Fig. 5), it is not possible to distinguish positively on sight
particular haplotypes within lineages, or hybrids. There-
fore, the discovery of alien brown trout strains had to wait
for their detection by molecular methods. Many streams
and rivers holding brown trout attractive for fishing were
subject to a “put-and-take” fisheries management. It was
accomplished by heavy stocking with the hatchery-reared,
domesticated and usually non-native brown trout strains.
The earliest introduction of the Lake Ohrid trout dates from

late 1950s (Jankovi¢ and Raspopovi¢ 1960). The last re-
corded introduction and translocation of brown trout strains
of the Atcs1 and Da2 mtDNA haplotypes, respectively into
wild brown trout stocks of Serbia were accomplished by
stocking in the period 20002003 (Simonovi¢ et al. un-
published”). Recent screening revealed further stocking in-
troduced Atlantic and Danubian brown trout of Atcs1 and
Da22 mtDNA haplotypes into Jerma River. Stocked strains
of trout accompanied alien Macedonian trout of the Adcsl
mtDNA haplotype. Few survivors of Danubian brown trout
of the native Dal mtDNA haplotype were also detected in
the Jerma River. Occurrence of brown trout of alien hap-
lotype Da22 that is native in very distant areas of Western
Balkans (Skraba et al. unpublished) and Austria (Duftner
et al. 2003) supports the conclusion about the unrecorded
stocking events.

Application of the FISK protocol (Copp et al. 2005) on
alien and translocated trout species and strains of brown
trout in Serbia (Table 2, Appendix 1) revealed that highly
domesticated rainbow trout and brown trout of Atcs1 hap-
lotype have the greatest potential for invasiveness, followed
by brook trout and brown trout of the Da2 haplotype. Those
results deviate from the results of assessment presented in
Simonovié et al. (2013). Discrepancy between the results
of two assessments accomplished in the short time period
came both from more narrow scope of this assessment in
compare to the previous one and from new facts learnt in the
meantime about the naturalization of rainbow trout, brook
trout and Arctic charr in the Balkans. The new data cov-
ered such countries as Montenegro (Danilo Mrdak personal
communication), Croatia (Marina Piria personal commu-
nication), Slovenia (Povz and Gregori 2014), Bulgaria and
Greece (Apostolos Apostolidis personal communication).
New data are also available on the plasticity of life-history
traits of Lake Ohrid trout, and the wider dispersal area of
brown trout of the Atlantic lineage in Serbia (Table 1).

Justification for the distinct assessment of trout species
and strains comes from the narrow and specific ecological
demands and habitats to which this natural group of fishes
is confined. That more narrowly focused assessment de-
creased the range of scoring, in compare to the range ob-
tained by screening all alien fish species in the assessment
area (Simonovi¢ et al. 2013). Such assessment resulted in
distribution of invasiveness scores different from that ob-
tained assessing all alien fish species in particular assess-
ment area. Change in distribution of invasiveness scores
impacted the calculation of the threshold value, which re-
markably rose in compare to the one ascertained previously.
The reliability of the new threshold value is proved by the
same value on its calculation using both (Youden’s statistics
and DeLong method) available approaches. The higher new
threshold value had an influence on the change of the actu-
al invasiveness status for individual alien trout species and
strains. The raise of risk of invasiveness in compare to that
assessed in Simonovi¢ et al. (2013) was ascertained for par-
ticular trout species, e.g., from medium high to high sensu
stricto for rainbow trout, from medium to medium high for

“ Simonovi¢ P., Nikoli¢ V., Mari¢ S. 2003. Srednjoro¢ni program upravljanja ribarskom podru¢jem ,,Timok* u periodu 2003-2007. godine. [Mid-term fisheries management
plan for the Timok Fisheries District in the 2003—2007 period.] Univerzitet u Beogradu - Bioloski fakultet i Organizacija Sportskih Ribolovaca Timocka krajina, Zajecar.
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Fig. 5. Overall appearance of brown trout of Danubian- (top), Atlantic- (middle), and Adriatic- (i.e., Macedonian trout)
mtDNA lineages in streams of Serbia; Typical brown trout of Danubian lineage have sparse and moderate-to-tiny
black spots on back and sparse bright-red ones on flanks; Typical brown trout of Atlantic lineage have only few mod-
erate bright-red spots on back and flanks, and dense and large black spots on flanks and head that form almost regular
reticulate pattern in large adult fish; Typical Macedonian trout of Adriatic lineage have very large, deeply dark-purple
spots; The basic body colour in all three lineages can vary greatly

brook trout, from low to medium high for Arctic charr, from
medium high to high sensu stricto for brown trout of Atlan-
tic strain and from medium to medium high for Ohrid trout.
Their domestication in aquaculture and massive production
for marketing and stocking purposes augment the impact
that alien (e.g., rainbow and brook trout) and translocat-
ed, hatchery-produced trout (e.g., Ohrid trout) and brown
trout strains already have, or might have to the wild stocks
of brown trout. This impact is favoured by their climate
matching which made them scoring highly in the category
of Biogeography, as well as by their similarity in environ-
mental demands and by their plasticity of life-history in the

ecosystem that originally was occupied exclusively by wild
brown trout strains, which both lead to the high scoring in
the Environmental sector affected (Table 2, Appendix 1).
Gowan and Fausch (1996), Peterson and Fausch (2003),
and Kennedy et al. (2003) showed that non-native brook
trout are potent invaders, because they have flexible life his-
tories and high growth rate of populations. Fausch (2007)
notified the FAO FIGIS data base announced that rainbow,
brook and brown trout hold third, 12th, and 13th place in
their list of the most widely introduced fish species, since
they have been introduced into 97, 49, and 42 countries
worldwide, respectively (Welcomme 1992). Because of
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their effect to the native fish fauna, the World Conserva-
tion Union Global Invasive Species Program listed rainbow
and brown trout as among 100 World’s Worst Invasive Al-
ien Species (Lowe et al. 2004). That imposes the ultimate
precaution in handling with alien trout species and strains
in Serbia and justifies the prohibition of stocking with alien
fish species already issued in the Fishery Act (Anonymous
2014a). Since water temperatures suitable for brown trout
are also suitable for rainbow trout (Coutant 1977), it is to
expect that rainbow trout, especially where heavily stocked
over the decades, might eventually establish in recipient
trout streams, as occurred in Slovenia (Povz and Gregori
2014). In contrast to certain fisheries in the region, stocking
of trout streams with rainbow trout in Serbia was very lim-
ited. Recently, rainbow trout recorded in trout streams are
only feral ones that escape from trout farms.

Arctic char was introduced into the Kokin Brod Res-
ervoir (Sava River drainage, Black Sea Basin) about three
decades ago, and now it is an important angling fish there.
Despite reported introduction into the Lisina Reservoir
(Dragovistica River drainage, Aegean Sea basin), there are
no records about its establishment. Apparently, its spread-
ing and acclimatization depends on stocking.

The introgression of alien Atcsl and translocated Dal
and Da2 strains into the gene pool of wild brown trout in the
recipient headwater streams without any effective control
increases the risk for their establishment, as revealed for the
Gradac (Simonovi¢ et al. 2014) and Jerma rivers (this pa-
per), as well as for the middle Danube River in the areas up-
stream of (Mari¢ et al. 2012) and within the DPerdap Gorge
(Iron Gate) area (Tosic et al. unpublished). In contrast to At-
lantic brown trout stocked into the River Gradac that were
introduced from Bosnia and Herzegovina in 2000, it is not
possible to determine the origin of Atlantic brown trout oc-
curring in the Danube River. Likewise, the origin of brown
trout hatchery reared stocking material of the Dal and Da2
haplotypes recorded in the Crni Timok drainage area (Tosi¢
et al. 2014) also remained unknown, so far.

Macedonian trout of the domesticated Adcs1 haplotype
was stocked both into the Lisina Reservoir and into the low-
er section of the Jerma River (Mari¢ et al. 2006a) for fish-
ery purposes. It spread upstream into headwaters and easily
naturalized there.

It seems that originally lacustrine Ohrid trout easily ac-
climatizes to stream-dwelling life style, due to its plasticity.
Its late autumn and winter spawning season matches that of
wild, stream-dwelling native brown trout (Zoran Spirkovski
personal communication). Although there are no available
records about its introgression into the native, wild brown
trout stock, the easy domestication and availability at the
hatchery in the Hydrobiological Institute in Ohrid impose
the permanent risk of transfer into new waters.

The invasiveness potential of brown trout of the Da22
haplotype, of Macedonian trout of the Adcs11, and of Adri-
atic trout of the Ad-Prz haplotypes was assessed as moder-
ate. That was mainly due to their narrow dispersal area, iso-
lation from other brown trout stocks, and lack of data about
any kind of impact they might have. The closest known area
with brown trout of the Da22 haplotype is the upper Una

River in western Bosnia (Skraba et al. unpublished). Stock-
ing of streams in Southern Serbia with Adriatic trout native
to headwaters of the Beli Drim River in Metohia (Mari¢ et
al. 2006a) is to be considered a single case with no long-
term events, as yet.

Uncontrolled introductions and translocations of
non-native trout species and strains of brown trout do not
impact only the original diversity, but also the original ge-
netic structure of wild trout populations by introgression,
as revealed both worldwide (Laikre and Ryman 1996,
Laikre et al. 1999) and locally (Mari¢ et al. 2006b, Raz-
pet et al. 2007, Simonovi¢ et al. 2014, Tosic¢ et al. 2014).
Decrease in the amount of the intraspecific diversity,
i.e., heterozygosity was recorded both in North America
(White 1989) and Europe (Ryman et al. 1995, Laikre and
Ryman 1996, Ferguson 2006). In addition, the possibility
of hybridization between the stocked-, hatchery reared-,
and native brown trout led to the loss of the co-adapted
gene complexes created through the long-term adaptation
of aboriginal brown trout strain in its native habitat (Tem-
pleton 1986). Several kinds of impact by stocked brown
trout strains on the native ones were recognized also in the
UK (Anonymous 2003b), e.g., competition and predation
by stocked fish (Nehring 1993), stimulation of influx of
predators, stimulation of fishing effort and thus an exces-
sive exploitation of wild stocks (Frost 1974), introduction
of diseases (Nehring et al. 1998), and change in genetic
composition of wild stocks due to interbreeding (Hansen
2002). The better fitness, faster growth, and earlier matu-
ration (features being considered “enhancing” by common
brown trout fisheries management practice) of stocked
alien strains of brown trout due to greater versatility for
various environmental conditions might also augment the
loss of original diversity of wild brown trout.

That happened in the drainage areas of the Nisava and
BozZica rivers, where alien trout spread rapidly throughout
the drainage area, though by two different mechanisms.
In the Nisava River drainage area, downstream spread-
ing of alien trouts was facilitated by release of the cold
hypolimnial water from reservoirs situated in the mid-
dle stretch that improved the water quality of tailwaters,
creating the favourable habitat for trouts. The spreading
success implies that annual temperature regime, i.c., the
growing season degree days (GSDD) of Fausch (2007),
was favourable enough to provide adequate recruitment to
sustain a population. The invasive effect of Atlantic brown
trout and Macedonian trout of the Atcsl and Adcsl hap-
lotypes, respectively is obvious from the suppressing of
wild brown trout of the Danubian lineage and likely by
hybridization with it throughout the middle Nisava Riv-
er drainage area. The other mechanism has acted in the
headwater stretch of the Bozica River, which formerly
held exclusively wild Ad-Boz haplotype, presumably im-
portant for the resolving of the phylogeny of brown trout
complex in general (Mari¢ et al. 2006a). It was invaded by
stocked Macedonian trout of the Adcs1 mtDNA haplotype
from the Lisina Reservoir. Adverse effects that stocking
of highland reservoirs with alien trout species and strains
makes to the indigenous brown trout stocks strongly ques-
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tion the justification of stocking with them, having in mind
the vulnerability of native trout stocks in headwater sec-
tions upstream of reservoirs. In Montana, USA, the trout
fishery management, that relied on stocking, was aban-
doned in 1974. That was set after widespread losses of the
original west-slope cutthroat trout, Oncorhynchus clarkii
(Richardson, 1837), and Arctic grayling, Thymallus arcti-
cus (Pallas, 1776), populations, due to early hatchery in-
troductions of rainbow and brown trout (McMillan 2014).
The resilience of the indigenous strains of native trout spe-
cies to environmental challenges was revealed by Vincent
(1979), who showed that streams in Montana were capa-
ble of supporting the native, wild trout populations, with
no need for hatcheries and necessity of stocking to provide
high quality angling opportunities.

The rising impact from recreational fishery on the
wild brown trout diversity by stocking imposes the ne-
cessity for the conservation of genetic variability inherent
to the aboriginal brown trout stocks and preservation of
their viability. The need for conservation is even greater
concerning the recent climate changes. The majority of
brown trout streams in Serbia are already scarce in water,
especially during the dry summer period. Many of them
are used for water supply of local communities and irriga-
tion. That, together with the pronounced deforestation in
headwater areas makes their water regime even harsher,
doing wild trout stocks more susceptible to various kinds
of threats, including introduction of alien trout species
and strains. Balanced water capturing and timber utili-
zation enhance the restoration of habitat, which enables
an attainment of maturity in native brown trout at greater
body size (Simonovi¢ and Nikoli¢ 2007). Improvement of
the population structure regarding the increase in age and
size (i.e., average individual weight) adds to the resilience
of stream-dwelling wild brown trout stocks and raises the
fishery attractiveness, as well.

The preservation of the aboriginal diversity of wild
brown trout stocks in Serbia that are still not affected by in-
troduction of alien trout strains imposes the actions in trout
fishery management that strictly fosters either conditional
(i.e., landing regime balanced to the natural production),
or unconditional “Catch-and-Release” (C&R). Several
streams in Southern Serbia (Vrla, DZepska, Bozicka, and
Ljubatska rivers and other streams in their vicinity) hold in
their headwaters ancestral strains of brown and Macedonian
trout (Mari¢ et al. 2006a). They are small freestone creeks,
with only small-size, still pure, native trout. The manage-
ment with streams holding only native trout (Vrla, DZepska,
and Ljubatska rivers) would rely on stringent control of the
ban of landing (i.e., on the unconditional C&R) that should
be issued. Such way of management allows the fishery uti-
lization with no need for any stocking. That minimizes the
risk of introduction of alien trout strains and preserves in-
digenous trout.

Alternatively, in many highly productive streams with
large and numerous brown trout of the aboriginal and exclu-
sive haplotype (e.g., Crni Timok River and its headwaters
with Da23c haplotype) (Tosi¢ et al. 2014) that sustain the
strong fishing pressure, there is already introduced brown

trout of the non-indigenous (e.g., Dal and Da2 mtDNA)
haplotypes. Considering that introduced brown trout are
not clearly distinguishable from native ones on sight, Crni
Timok River should be stocked heavily and persistently
with the 1+ hatchery reared brown trout fry of the native
Da23c haplotype that came from the wild, locally adapt-
ed brood material, as recommended by Giles et al. (2004).
Nehring (1993) showed that it was possible to restore the
original rainbow trout stock and to suppress the introduced
brown trout in streams in Colorado (USA) by stocking with
the locally adapted strain, in combination with issuing of
special angling regulations. That stocking material with
the sufficient level of heterozygosity (Taylor and Lightfoot
2003) would be able to overcompete brown trout of alien
strains, to outnumber and eventually extirpate them.

Easy distinguishing between alien Atlantic and Mace-
donian trout on the one, and native Danubian brown trout
on the other side by bare eye (Fig. 5) enables the compul-
sory taking out of landed fish of alien trout species. Resto-
ration of native Danubian brown trout stock that involves
retaining of landed alien fishes would be more effective
in combination with the stocking with native brown trout.
Similar management should be applied also in all streams
where brown trout of the Atlantic strain were stocked,
since it is easy to distinguish them on sight from those of
Danubian strains (Fig. 5). The currently fashionable all-
around application of the unconditional C&R in streams
and rivers holding the alien brown trout strains should
be discouraged by all means during the restoration of the
indigenous wild stock. Management that involves the in-
crease of harvest limits of alien trout has already been ap-
plied in the Yellowstone National Park in the Wyoming,
USA, where every landed rainbow-, lake-, and brown
trout must be removed, or killed in waters where they co-
exist with native cutthroat trout and fluvial Arctic grayling
(Anonymous 2013).

Only the brood fish from the locally adapted wild stocks
of Danubian brown trout should be used for the restorative
purposes. Their wild status should be certified after the is-
sued and enforced procedure for their marking, genotyp-
ing and verification of their aboriginality, as in Denmark,
Finland, and Switzerland (Taylor and Lightfoot 2003). As-
sessment of the status of each brood fish is quick and easy
by RFLP (Restriction Fragment Length Polymorphism)
technique on PCR amplified Control Region (CR) of the
mtDNA. The characterization of Danubian, Adriatic, and
Atlantic brown trout lineages using Alul and Satl restriction
endonucleases that cut Control Region (D-loop) at charac-
teristic profiles of mtDNA (Mari¢ et al. 2006b, Simonovié¢
et al. 2014) can provide the preliminary sorting out to lin-
eages. Then, the sequencing of the Control Region of the
mtDNA in brood fish that doubtlessly belong to the Dan-
ubian lineage would reveal their haplotype. Both activities
should be proscribed in the fishery legislative by fisheries
authorities. Verification and marking of brood fish used for
the restorative purpose should be implemented in the ad-
ministrative management of trout waters in each registered
brown trout hatchery in all catchments in the country. It
must be controlled in a due time interval, e.g., before the
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autumn stocking season. Setting of this brood trout assess-
ment system should be initially granted by fisheries author-
ities. Afterwards, it must be updated on the preparation of
the fishery management plans at the each trout catchment.
The finances for this are to be provided from the taxes that
state fishery administration already collects from the fisher-
ies concessionaires.
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