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A b s t r a c t

The knowledge of the genetic variability and structure of Salmo trutta population is needed for
effective protection of the species and rational management of the resources. A number of marker
systems have been introduced to evaluate the genetic variability of trout populations. Among them,
the most often used are the RAPD and SSR markers. Both marker systems are classified as type II
markers (O’BRIEN 1991, LERCETEAU-KÖHLER and WEISS 2006).

In this study, the genetic variability of the Salmo trutta m. fario and Salmo trutta m. trutta
populations from the Rega river, and the three watercourses Sitna, Słopica and Bagnica of the Drawa
river catchment area, were analysed. One stream, the Chojnówka (located outside the catchments of
the above streams), was used as an extra study area.

Based on two marker systems, different results were obtained. In the case of RAPD analysis, all
loci were polymorphic in all populations. The use of these marker systems permitted the construction
of UPGMA similarity trees. The trees revealed a division of the analysed populations into two groups:
one group from the Słopica river and the other group from the remaining watercourses. In the second
similarity group, two subgroups can be distinguished: one comprising the population of the sea trout
from the Rega river and that of the brown trout from the Sitna river (60.7%), and the other consisting
of the parr trout populations from the Chojnówka, Bagnica and Sitna (50.3–79.4%). Between the
analysed populations, 100% polymorphism was found. The results indicate a high genetic variability
of the studied populations. In the case of SSR analysis, 9 microsatellite loci isolated from five trout
populations were described. The number of alleles at these loci ranged from 1 to 5 with an average of
2.8 alleles per locus. The expected heterozygosity ranged from 0.07 to 0.66, with an average of 0.35.
The results indicate high genetic variation of the populations studied.
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A b s t r a k t

W pracy badano zmienność między populacjami Salmo trutta m. fario i Salmo trutta m. trutta
pochodzącymi z Regi oraz trzech cieków zlewni Drawy: Sitnej, Słopicy i Bagnicy na podstawie analizy
RAPD i SSR. Do analizy dodano jedną populację – Chojnówkę zlokalizowaną poza zlewnią Drawy.

Na podstawie dwóch systemów markerowych otrzymano zróżnicowane wyniki. W przypadku
analizy RAPD wszystkie loci były polimorficzne we wszystkich populacjach. Drzewo UPGMA
przedstawia podział analizowanych populacji na dwie grupy: do pierwszej należy jedynie populacja
Słopicy, a do drugiej wszystkie pozostałe. W pracy stwierdzono także występowanie 100% polimor-
fizmu między analizowanymi populacjami. W przypadku analizy SSR badano 9 loci mikrosatelitar-
nych w 5 populacjach. Drzewo UPGMA na podstawie tego systemu markerowego przedstawia podział
badanych populacji na dwie grupy podobieństwa: jedną złożoną z populacji z Regi i drugą, do której
należą pozostałe populacje. Populacja dorosłych oraz troci w stadium parr z Sitnej tworzą odrębną
podgrupę podobieństwa.

Otrzymane wyniki wskazują na bardzo duże zróżnicowanie genetyczne badanych ryb.

Introduction

The data on the genetic structure of fish species or populations are needed
for the identification of taxa, implementation of rearing programmes and
preservation of the genetic variability of the species. The evaluation of genetic
variability in fish is performed based on morphological criteria (ANDERSON et
al. 1993), allozymes (CAGIGAS et al. 1999, MITH et al. 1997), RFLP (HALLERMAN

and BECKMANN 1988), minisatellite and microsatellite sequences (TAGGART

and FERGUSON 1990), and RAPD markers (DERGAM et al. 1998, LIU et al. 1999,
NADIG et al. 1998).

The preservation of biodiversity at the genetic level in water ecosystems,
including watercourses, has been an object of concern for many years in Poland
and all over the world. A particular object of concern in this aspect were
salmonids (ACHORD et al. 2007, CZERNIAWSKI et al. 2010, DOMAGAŁA and
BARTEL 1997, 1999, MCNEIL 1991), whose population is seriously threatened
because of high mortality rate of the larvae introduced, problems with migra-
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tion, poaching or irresponsible stocking with individuals from different popula-
tions (BARTEL 2001, BROWN 2002, JONSSON and JONSSON 2006, SALVANES et al.
2001). The latter procedure can lead to the breaking up of the genetic
continuity of indigenous fish and, finally, to the population weakening (SKUZA

et al. 2009). Therefore, evaluation of the similarity of local fish populations at
all levels of biodiversity, including the genetic level, is needed.

The great geographical diversity of the brown trout was described first on
the basis of morphological data, and then on the basis of isoenzyme analyses
(OSINOV 1984, PRESA et al. 1994, GIUFFRA et al. 1996) and mitochondrial DNA
analyses (BERNATCHEZ et al. 1992, GARCIA-MARIN and PLA 1996). Recently,
microsatellite sequences have been widely studied for the evaluation of
genomic changes in Salmonidae (FRITZNER et al. 2001, LARGIADER and SCHOLL

1996). Random amplification of polymorphic DNA fragments, the RAPD
method, has been used for the preliminary assessment of genetic diversity
within a single species or population (ALI et al. 2004, BIELAWSKI and PUMO

1997, CACCONE and 1997, DERGAM and 1998, LIU et al. 1999, NADIG et al. 1998,
FOO et al. 1995, POSTELTHWAIT et al. 1994). RAPD markers are inherited as
Mendelian markers in a dominant manner, and RAPD band is produced by
either homozygotes or heterozygotes, and though band intensity may differ,
variations in PCR efficiency make scoring of band intensities problematic. It is
difficult to determine whether the bands represent different loci or alternative
alleles of a single locus, thus the number of investigated loci can be assessed
erroneously. The polymorphism obtained by means of this method is a result of
mutations within the sequences complementary to the primer sequences
(BRYLIŃSKA 2000). The main advantage of the PCR-RAPD method is the fact
that it uses a universal set of primers. In view of the practically infinite
number of different ten-nucleotide primer sequences, this method is particu-
larly useful in the search for markers of important characteristics, in the
construction of genetic maps and in the evaluation of the genetic similarity of
taxa (ALI et al. 2004). Microsatellite DNA sequences are short tandem repeti-
tions of 1–5 nucleotides occurring in the genomes of eukaryotic organisms with
a high frequency and a relatively uniform distribution every 6–10 kbp
(BECKMANN and WEBER 1992). The polymorphism of microsatellite markers
and the fact that the sequences flanking them are specific for certain DNA
regions are useful diagnostic characteristics for genome mapping, coupling
analysis, population genetics, as well as phylogenetic and evolutionary studies.

Earlier isoenzyme and cytogenetic studies have revealed the small genetic
diversity of the sea trout populations from, e.g., the Rega river, related to the
past mixing of these populations (ŁUCZYNSKI and BARTEL 1997, ŁUCZYNSKI et
al. 2000). Analyses based on microsatellite sequences have revealed great
diversity of the fish populations from Polish rivers located close to the Baltic
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Sea (WAS and WENNE 2002). The genetic variability of Salmo trutta from the
Rega river was compared with that of the parr trout and the adult brown trout
from small watercourses in the Drawa river catchment area: Sitna, Słopica and
Bagnica, and from the Chojnówka river (extra stream). This comparison was
made in view of the supposition that these watercourses had been stocked with
the stocking material of trout (Salmo trutta) from the Rega river. The analysis
was based on microsatellite sequences and RAPD markers.

Experimental procedure

Research subject. For the study, we used adults individuals of the brown
trout (Salmo trutta m. fario) from the Sitna and Słopica streams located in the
buffer zone of Drawieński National Park (DPN) and stocked parr individuals
of the sea trout (Salmo trutta m. trutta) from the Sitna and Bagnica streams
(also located in the buffer zone of DPN), as well as the Chojnówka used as an
extra stream flowing in the Beech Forest within the administrative boundaries
of Szczecin City (Figure 1). The above fish were compared with spawning
individuals of the sea trout from the Rega river. The trout from the Słopica
stream are a local herd, while the Bagnica and Sitna streams, many years ago,
were stocked with the brown trout derived from individuals from the Rega
river. The Chojnówka stream in previous years were stocked with the brown
trout coming from the Rega, which now is the settled form and reproduces in
the watercourse. The Rega river is the major river of Western Pomerania
inhabited by the trout. The stock material was derived from the spawners from
the river. All the fish were captured in autumn 2009 with electric fish gear.
A sample from each population consisted of 10 fish, except the Chojnówka from
which 4 fish were examined. The Salmo trutta species belongs to salmonids. It
is divided into either purely freshwater populations: Salmo trutta morpha fario
and S. trutta morpha lacustris, or the anadromous population of S. trutta
morpha trutta, known as the sea trout. Each population has the same initial
development stages in the first year of life: newly hatched larvae – alevins, fry
and parr.

Isolation of genomic DNA. The DNA was extracted from 0.2 g muscle
tissues of particular individuals of investigated fish population. The tissues
was put in 1.5 ml microtubes and 1 ml extraction buffer was added (100 mM
Tris-HCl, 200 mM NaCl, 0.2% SDS, 5 mM EDTA and 100 μg/ml proteinase K).
Mixture was incubated for 12 h at 55oC in a heating block and centrifuged at
6000 rpm for 15 min. Supernatant was transferred to a 1.5 ml microcentrifuge
tube and 700 μl of isopropanol was added. The preparations were spined at
6000 rpm for 15 min. After precipitation the DNA was washed with 400 μl 70%
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ethanol. The phases were separated by centrifugation at 6000 rpm for 5 min.
Supernatant was thrown out and the pellet was allowed to dry. The pellet was
dissolved in 20 μl TE buffer and stored at -20oC. Quantify and purity of DNA
was analysed by spectrophotometer SmartSpecTMPlus (BioRad, USA).

Fig. 1. Study area. The names of rivers from which the fish were sampled are in the frames

PCR-RAPD analysis. All DNA preparations extracted from muscle tis-
sues used in the reaction were diluted to 120 ng μl–1. Among 10 RAPD primers
(10 bases-long) tested only 5 gave good quality results (C-02 GTGAGGCGTC,
C-04 CCGCATCTAC, C-06 GAACGGACTC, C-11 AAAGCTGCGG, C13
AAGCCTCGTC). The reaction volume of 25 μl was composed of 120 ng μl–1 of
DNA, 1xGreen GoTaqTM Reaction Buffer (Promega, USA), 2 mM MgCl2, 2 mM
dNTP (Fermentas, Lithuania), 0.2 mM primer (Operon Technologies, USA),
0.2 U GoTaqTM DNA Polymerase (Promega, USA). The reaction profile was as
follows: a) preliminary denaturation at 95oC for 2 min; b) 40 cycles of
denaturation at 94oC for 1 min, annealing at 36oC for 1 min, elongation at 72oC
for 2 min; c) final elongation at 72oC for 10 min. Amplification was done by
Thermal Cycler MJ Mini (BioRad, USA). Reaction products were separated by
electrophoresis in 1.5% agarose gels in 1 × TBE at 80 V. Gels were stained with
ethidium bromide (0.35 μg ml–1), and documented in GelDoc XR apparatus.
The sizes of amplification products were determinated by comparison with
molecular weight standard GeneRuler (Fermentas, Lithuania).
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Table 1
Primer microsatellite sequences used in this study

Primer Repeat motif Primer sequences References

Str15INRA CT 5’-TGCAGGCAGACGGATCAGGC-3 (ESTOUP et al. 1993)
5’-AATCCTCTACGTAAGGGATTTGC-3’

Str60INRA GT 5’-CGGTGTGCTTGTCAGGTTTC-3’ (ESTOUP et al. 1993)
5’-GTCAAGTCAGCAAGCCTCAC-3’

Str73INRA GT 5’-CCTGGAGATCCTCCAGCAGGA-3’ (ESTOUP et al. 1993)
5’-CTATTCTGCTTGTAACTAGACCTA-3’

Str79INRA GT 5’-GGAAGGGGGGTGTATCAGC-3’ (PRESA

5’-GGGATTTGGCCTGTATCCG-3’ and GUYOMARD 1996)

Str85INRA CT 5’-GGAAGGAAGGGAGAAAGGT-3’ (PRESA

5’-GGAAAATCAATACTAACAA-3’ and GUYOMARD 1996)

Ssa197 GTGA (+GT) 5’-GGGTTGAGTAGGGAGGCTTG-3’ (O’REILLY et al. 1996)
5’-TGGCAGGGATTTGACATAAC-3’

Str543INRA CT 5’-ATTCTTCGGCTTTCTCTTGC-3’ (PRESA

5’-ATCTGGTCAGTTTCTTTATG-3’ and GUYOMARD 1996)

Str591INRA CT 5’-CTGGTGGCAGGATTTGA-3’ (PRESA

5’-CACTGTCTTTCGTTCTT-3’ and GUYOMARD 1996)

BS131 GT 5’-CACATCATGTTACTGCTCC-3’ (O’REILLY et al. 1996)
5’-CAGCCTAATTCTGAATGAG-3’

T3-13 GT 5’-CCAGTTAGGGTTCATTGTCC-3’ (ESTOUP et al. 1998)
5’-CGTTACACCTCTCAACAGATG-3’

Str43INRA GT 5’-GTTGTGGGCTGAGTAATTGG-3’ (ESTOUP et al. 1998)
5’-CTCCACATGCATCTTACTAACC-3’

Strutta 58 GT 5’-AACAATGACTTTCTCTGAC-3 (POTEAUX 1995)
5’-AAGACTTGAAGGACGAC-3’

Strutta 12 GT 5’-AATCTCAAATCGATCAGAAG-3’ (POTEAU 1995)
5’-AGCTATTTCAGACATCACC-3’

Ssa 171 GTGA(+GTP) 5’-TTATTATCCAAAGGGGTCAAAA-3’ (O’REILLY et al. 1996)
5’-GAGGTCGCTGGGGTTTACTAT-3’

Ssa 85 GT 5’-AGGTGGGTCCTCCAAGCTAC-3’ (O’REILLY et al. 1996)
5’-ACCCGCTCCTCACTTAATC-3’

OmyFgt1TUF GT 5’-AGATTTACCCAGCCAGGTAG-3’ (SAKAMOTO et al. 1994)
5’-CATAGTCTGAACAGGGACAG-3’

SsoSL417 GT 5’-TTGTTCAGTGTATATGTGTCCCAT-3’ (SLETTAN et al. 1995)
5’-GATCTTCACTGCCACCTTATGACC-3’

SsoSL438 GT 5’-GACAACACACAACCAAGGCAC-3’ (SLETTAN 1995)
5’-TTATGCTAGGTCTTTATGCATTGT-3’

PCR-SSR analysis. Sixteen microsatellites sequences were studied
(Table 1), including one tetra-necleotide loci, and of those successfully amplify-
ing, nine were selected for analysis: Str85INRA Ssa197 Str60INRA,
Str43INRA, Strutta 12, BS131, Strutta 58, Ssa85 and SsoSL417. Each amplifi-
cation reactions were carried out in a final volume of 20 μl containing
120 ng μl–1 of DNA, 1x PCR buffer (Promega, USA), 2.5 mM MgCl2, 0.2 mM
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of dNTPs (Fermentas, Lithuania), 0.5 mM primer (IBB PAN, Poland) and
0.2U GoTaqTM DNA Polymerase (Promega, USA). DNA amplifications for
individual primers were performed in a Thermal Cycler MJ Mini (BioRad,
USA) with an initial denaturation of 4 min at 95oC, followed by 30 cycles of
denaturation DNA for 30 s at 95oC, annealing at 55oC (Str85INRA) or 60oC
(Ssa197) for 45 s, elongation at 72oC for 2.5 min and a final 5 min extension at
72oC. PCR products were analysed for length variation on 6% polyacrylamide
gels containing 7 M urea and documented in GelDoc XR apparatus. To check
consistency of the results from gels, series of rerun sessions were made.

Statistical analysis

The results were documented in the Bio-Rad gel documentation system and
analysed in Quantity-One® software (BioRad, USA).

RAPD analysis. The products of amplification that were repeatable,
intensive and differed in length from the neighbouring fragments were
analysed. The presence or absence of products were treated as individual
feature and recorded as 1 or 0. Similarity index was estimated using the Dice
coefficient of similarity (DICE 1945). Dice coefficient = (x,y) = 2P(x, y)/(P(x)
+ P(y); were P(x) and P(y) is the probability of events x and y setting together.
The dendrogram was constructed by unweighted pair group method with
arithmetic averages (UPGMA; Diversity database; BioRad, USA).

SSR analysis. The number of individual (N) and number of effective
alleles (Ne) of SSR loci in each population as well as for all populations
simultaneously were calculated. Variability for each locus was measured using
the polymorphism information content (PIC) (ANDERSON et al. 1993).

n

PIC = 1 – Σpi
2

i

where:
pi is the frequency of the ith allele.

The number of different alleles across nine SSR loci in populations (Na),
observed heterozygosity (Ho), expected heterozygosity (He), were estimated.
The data of microsatellite allele frequency were applied to calculate the
unbiased genetic distance and genetic identity estimates by employing Nei
genetic distance (NEI et al. 1983). Pairwise genetic distance between individ-
uals as well as between populations were estimated from proportion of shared
alleles approach (O’BRIEN 1991). Basing on calculated coefficients individuals
as well as populations were grouped hierarchically using the unweighted pair
group method of arithmetic means (UPGMA). The relationship among popula-
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tions were presented in the form of a dendrogram. The resulting SSRs markers
were used as input to a bootstrap procedure. SSRs were block-bootstrapped,
with each SSR-locus representing one block. UPGMA-clusters were calculated
for each of the 1000 bootstrap re-samples and a consensus tree was drawn.

Results

RAPD results. The number of bands (586) included the polymorphic loci.
The number of fragments amplified by a single primer varied from 6 in C02 to
57 in C13, with the mean of 83.7 polymorphic products per primer. The
percentage of polymorphic products ranged from 23.89% in the trout parr
population from the Chojnówka to 45.39% in the trout parr from the Sitna
stream (Table 2). As a result of reactions performed with the DNA of the brown
trout and the sea trout, 100% polymorphic products were obtained. This result
indicates a very high genetic variability of the trout populations studied. Based
on the RAPD results, a similarity matrix was constructed and a tree of genetic
similarity was drawn (Figure 2). The results of the RAPD analysis permitted
the evaluation of genetic similarity between the investigated populations, with
the results varying from 47.3% between the brown trout populations from the
Słopica and Sitna streams to 88.1% between the sea trout parr from the
Bagnica and those from the Sitna (Table 3). The UPGMA dendrogram reveals
a division of the investigated populations into two similarity groups: the first
group contains only the population of the brown trout from the Sitna, while
the second group contains all the other populations. The second group is

Table 2
Characteristics of the RAPD markers polymorphism in parr sea trout, adult brown trout and adult

sea trout from Bagnica, Słopica, Chojnówka, Rega i Sitna

Number
of fragments

Number of polymorphic fragments

Primer Słopica Rega Sitna Sitna
adult adult adult parr
brown sea brown sea
trout trout trout trout

Bagnica
total polymorphic parr sea

trout

Chojnówka
parr sea

trout

C02 81 81 22 29 16 32 6 27

C04 60 60 29 24 25 38 17 20

C06 99 99 45 54 21 29 15 57

C11 70 70 44 38 7 15 25 41

C13 91 91 44 36 29 57 20 38

Total 401 401 184 181 98 171 83 183

Polymorphic bands [%] 38.90 40.27 23.89 43.34 27.47 45.39
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Numbers at the nodes indicate the percentage of similarity
Fig. 2. Dendrogram (UPGMA) showing the genetic relationships between analysed populations based

on RAPD polymorphism, constructed based on the Dice coefficient of similarity

Table 3
Genetic similarity matrix (UPGMA) of the investigated population based on the PCR-RAPD analysis

Chojnówka
River and individuals parr sea

trout

Bagnica parr Słopica adult Rega adult Sitna adult
sea trout brown trout sea trout brown trout

Słopica adult brown trout 84.9 – – – –

Chojnówka Parr sea trout 77.0 68.0 – – –

Rega adult sea trout 79.8 69.6 85.8 – –

Sitna adult brown trout 54.4 47.3 71.6 69.2 –

Sitna parr sea trout 88.1 83.2 79.1 83.7 57.3

subdivided into two subgroups: one consisting of the population of the sea
trout from the Rega and the trout parr from the Chojnówka, while the other
consisting of the brown trout populations from the Słopica and the trout parr
from the Bagnica and Sitna streams.

SSR results. In the analysed populations, 25 alleles in 9 microsatellite loci
were described. The number of alleles per locus ranged from 1 to 5, with
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a mean of 2.8 alleles over all loci (Table 4). The polymorphic information
content (PIC) of the SSR loci ranged from 0.439 to 0.921, with a mean of 0.815
over the nine loci. The observed heterozygosity per locus ranged from 0.02 to
0.78, with a mean of 0.37 over the nine loci (Table 4).

Table 4
Locus, allels number, PIC and expected and observed heterozygosity

Expected Observed
heterozygosity heterozygosity

Locus No. alleles PIC

Strutta 12 5 0.656 0.66 0.78

Str85INRA 4 0.792 0.59 0.57

Str60INRA 3 0.898 0.42 0.53

BS131 2 0.881 0.31 0.22

Strutta 58 4 0.873 0.47 0.47

Ssa197 1 0.921 0.09 0.12

Str43INRA 1 0.439 0.07 0.02

Ssa 85 3 0.970 0.33 0.36

SsoSL417 2 0.901 0.23 0.25

Mean 2.8 0.815 0.35 0.37

The percentage of polymorphic loci in the analyzed populations ranged
from 44.44% to 100.00% in the Rega (Table 5).

The tree (Figure 3) revealed a division of the investigated populations into
two groups: one from the Rega river and the other from the remaining
watercourses. The Sitna adult brown trout and parr trout made one subgroup.

Table 5
Percentage of Polymorphic Loci

Population % of P

Bagnica parr sea trou 44.44

Słopica adult brown trout 66.67

Chojnówka parr sea trout 55.56

Rega adult sea trout 100.00

Sitna adult brown trout 66.67

Sitna parr sea trout 66.67

Mean 66.67

SE 7.59
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Fig. 3. Dendrogram (UPGMA) showing the genetic relationships between analysed populations based
on SSR polymorphism; the 1000 bootstrap re-samples

Discussion

An important problem in the studies of fish populations is the
recognition of the range of occurrence, as well as the intra- and
interpopulation variability which can be affected by environmental
conditions and/ or selection pressure. The relevant data are obtained
with the help of different marker systems. We attempted to compare
the genetic variability of the populations of Salmo trutta m. fario and
Salmo trutta m. trutta from three watercourses in the Drawa river
catchment area: Sitna, Słopica and Bagnica, and from the Rega and
Chojnówka rivers, using a method based on the analysis of microsatel-
lite sequences and RAPD-PCR. The genetic variability of the brown
trout was evaluated earlier on the basis of morphological and, subse-
quently, isoenzyme studies (GIUFFRA et al. 1996, OSINOV 1984, PRESA and
GUYOMARD 1996), as well as mtDNA analysis (FRITZNER et al. 2001, HANSEN et
al. 2000, LAIKRE et al. 2002, LARGIADER and SCHOLL 1996). Recently, the
genetic structure of populations (OLSEN et al. 1998, TESSIER and BERNATCHEZ

1999) or the size of populations and changes in allele frequencies (BOWCOCK et
al. 1997) have been increasingly often studied by microsatellite sequences (FOO

et al. 1995, FRITZNER 2001, RUZZANTE et al. 2001). Moreover, the RAPD-PCR
analysis has been often used for the determination of genetic variability and
the degree of similarity of fish species (HATANAKA and GALETTI 2003), as well
as for the differentiation of geographically isolated fish populations and for the
verification of locally fitted populations of species potentially resulting from
genetic selection under environmental pressure or genetic drift (FUCHS et al.
1998, SKUZA et al. 2009).
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The RAPD analysis revealed different grouping and genetic similarity
relations between the investigated Salmo trutta populations. The most geneti-
cally distant group was that of the brown trout from the Sitna, while all the
other fish populations formed another, second group. In this second group, the
greatest similarity, varying from 83.2 to 88.1%, was noted between the trout
parr from the Sitna and Bagnica, and the brown trout from the Słopica, which
can be explained partially by the location of these watercourses in the same
catchment area of the Drawa river or by a common origin. Such a high genetic
similarity between fish from different watercourses has been reported by
GARCI-MARIN and PLA (1996) and by DUNNER et al. (2000) for the indigenous
Spanish population of the brown trout. These groups also used the RAPD-PCR
method to determine the genetic variability related with the geographic
localisation of Salmo trutta L. in three rivers in Spain (DUNNER et al. 2000).
High similarity was also observed between the sea trout from the Rega and the
trout parr from the Chojnówka (85.8%), which may very probably be due to
a common origin of these two populations. The lowest similarity of only 47.3%
was noted between the brown trout from the Słopica and the brown trout from
the Sitna. This fact can be surprising, taking into account the small distance of
about 10 km between these two watercourses. However, as mentioned above,
the watercourse Słopica could be occupied by a local population. Besides, the
Słopica joins the Drawa river at the section, which satisfies the needs of the
salmonids that can freely migrate, while the Sitna joins Lake Adamowo that is
a limnetic reservoir.

The analysis of the results obtained with the SSR primers indicated a high
genetic popumorphism between the Rega population and the rest of the
investigated populations (Figure 3). The values of the level of polymorphism
(Table 2) and the heterozygosity (Table 4) were quite high. The same results
were been reported by PRESA et al. (1994). In comparison with the results by
ROLLINS et al. (2009), the mean number of alleles per locus is quite low.

The unaccounted for high genetic variability established in our study can
be also related with the influence of ecological, evolutionary or historical
factors. For instance, the polymorphism of Barbus neumayeri was explained by
oxygen selective pressure (CZERNIAWSKI et al. 2010), high genetic differences
observed between two populations of Oncorhynchus nerka, related with dwell-
ing in different environmental conditions (HENDRY et al. 2000).

The study can be helpful in the concept of conservation of these species.
Streams flowing into the Drava River before the construction of the dam in
Głusk were a natural habitat of the trout. The streams, as some of the very few
watercourses, still meet the living conditions required by salmonids. Among
the existing resources are the fish populations in the buffer zone of DPN, not
exploited to date because of their are small size and protected status. We could
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not establish from which of the parents came the fry. Oral information
received from fishermen confirmed the possibility of restocking individuals
within several decades. To conclude, the presented results imply that the
investigated fish species coming from the majority of watercourses show some
genetic similarity with a high probability, therefore, it cannot be excluded that
they could originate from the stocking material from the Rega river.

Translated by KAROL BOCIEK
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