§ sciendo

PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B,

Vol. 75 (2021), No. 3 (732), pp. 211-219.

DOI: 10.2478/prolas-2021-0031

GENETIC STRUCTURE OF PERCH PERCA FLUVIATILIS (L.)
POPULATIONS IN LATVIAN RIVERS THAT ARE
FRAGMENTED (DAUGAVA) AND NON-FRAGMENTED
(LIELUPE) BY HYDROELECTRIC DAMS

Natalja ékute#, Jelena Oreha, Baiba Krivmane, and Arina Evarte

Institute of Life Science and Technology, Daugavpils University, 1A Parades Str., Daugavpils, LATVIA

# Corresponding author, natalja.skute @du.lv

Communicated by Isaak Rashal

Water ecosystems have an important role in maintenance of biological diversity and environ-
mental quality in Latvia. Fish resources are one of the most valuable biological resources in Lat-
via. To evaluate the influence of economic activity (anthropogenic influence of cities, hydroelectric
power stations) on freshwater ecosystems, the genetic structure of perch Perca fluviatilis (L.)
populations in Daugava River and Lielupe River was studied. The genetic structure of the perch
populations from Daugava River and Lielupe River was investigated using 9 DNA microsatellites
(Pfla L4, Pfla L10, Pfla L2, Pfla L6, YP111, YP78, YP60, Svi L10, Svi L7), and by genetic diver-
sity, the level of polymorphism, means of alleles per locus, observed and expected heterozygos-
ity, and population structuring. It was shown that the perch population in the Daugava River in the
territory of Riga was significantly different from the other populations and there was a lower level
of heterozygosity in this population. In the Daugava River, genetic differentiation was significant
for fish populations between Kegums Hydroelectric Power Plant (HPP) and Riga HPP reservoirs
due to the fragmentation of population by HPP dams.

Keywords: fish population genetics, microsatellites, dams, fragmentation, anthropogenic factors.

INTRODUCTION

Fish resources are one of the most valuable biological re-
sources in Latvia. Anthropogenic activity is diverse, but it
can, in fact, be reduced to a few main effects, like the devel-
opment of barriers in fish migration paths, transformation of
habitats and a reduction in water quality. Concerns over
habitat alterations and the subsequent effects on biodiversity
have received much scientific attention during the last few
decades. Particularly for aquatic diversity, conservationists
are concerned that dams may fragment and diminish natural
habitats in rivers (Dynesius and Nilsson, 1994; Khedkar et
al., 2014) and create environmental disparities (Ward and
Stanford, 1983) that can result in the loss of genetic diver-
sity, reduced population sizes and inbreeding (Ellstrand and
Elam, 1993; Lynch et al., 1995). Fish are in the highest po-
sitions of the food chain of aquatic ecosystems (Nfon ef al.,
2009). The anthropogenic influence of cities and navigable
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ports on rivers can affect the genetic structure of fish popu-
lations.

The Eurasian perch Perca fluviatilis (L.) is a freshwater,
predatory fish that belongs to the most diverse fish order of
Perciformes (Nelson, 2006). Perch is an anadromous spe-
cies that is adapted to various habitats and is a quite com-
mon fish species in Europe. This fish is often chosen as a
model species in many fish population investigations due to
its abundance and wide distribution, extended genetic re-
search, diploidy and no stocking effects (Behrmann-Godel
and Gerlach, 2008; Nurminen et al., 2010; Butkauskas et
al., 2012). Studies have been conducted on the conse-
quences of overexploitation and subsequent population re-
covery of Eurasian perch (Perca fluviatilis L.) populations
(Pukka et al., 2016), and the impacts of a nuclear power
plant on the genetic structure of perch populations as an in-
tensively exploited fish species (Ragauskas et al., 2014). It
was shown that genetic differences are not related to geo-
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graphical distances, but probably depend on ecological
characteristics (Fokina et al., 2015). Eurasian perch was
used for investigations on the relative importance of genetic
variation and plasticity on phenotypic variation (Svanbick
and Eklov, 2006).

Microsatellites are short tandemly repeat sequences with
high variability and rapid mutation rates, which are distrib-
uted throughout the genome and are co-dominant (Richard
et al., 2008). Microsatellites are the most popular DNA
markers in population research, due to their wide range of
applications, high levels of polymorphism, relatively
straightforward laboratory protocols and high repeatability
(Abdul-Muneer, 2014). Microsatellites can reveal genetic
structure over short geographical distances, including pan-
mixia (Dannewitz er al., 2005) and isolation by distance
patterns (O'Reilly et al., 2004), fragmentation of popula-
tions (Bahri-Sfar er al., 2000, Gouskov and Vorburger,
2016), and hybridisation (Gum et al., 2005). Microsatellite
genotypes are particularly helpful to detect genetic struc-
ture, regardless of whether they are in evolutionary equilib-
rium. In addition, microsatellite markers have been widely
used for non-model species, because it is possible to use
primers that have been developed for related species or gen-
era (Seeb et al., 2011; Skute and Oreha, 2016).

The aim of this study was to investigate the genetic struc-
ture of Eurasian perch Perca fluviatilis (L.) populations us-
ing microsatellite DNA markers in different areas of Lat-
vian rivers. The populations analysed were taken from the
two largest rivers in Latvia: in Daugava River — above and
below the Kegums dam, as well as in the Riga city, and in
the Lielupe River, which has no dam, in Jelgava city and the
Lielupe estuary.

MATERIAL AND METHODS

Object of research and areas of material collection. The
object of the research was populations of perch (Perca
Sfluvatilis (L.) living in different parts of the Daugava and
Lielupe Rivers. Tissue samples were collected in 2016 from
a total of 80 perch individuals from five different Daugava
and Lielupe River sites in Latvia: fish from the Daugava
River collected in the Riga Hydroelectric Power Plant
(HPP) (Tome), in Kegums HPP (Kegums), and near the es-
tuary in Riga city (Voleri), and fish from Lielupe River col-
lected near the estuary (Griva) and in Jelgava city (Fig. 1).
Perch individuals were caught by recreational anglers using
fishing rods. Sample tissues were stored at —20 °C.

Nuclear DNA extraction, DNA quantification, DNA
qualification. DNA was extracted from perch muscle tis-
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Fig. 1. The location of sampling sites of perch in Latvia.
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sues by the salt extraction method (Aljanabi and Martinez,
1997). DNA was quantified and qualified spectrophotomet-
rically on a BioSpec-nano spectrophotometer (Shimadzu).
DNA quality was estimated electrophoretically using 2%
agarose gel (Sigma) in TBE buffer (0.045 M Tris-borate
and 0.001M EDTA). The gels were stained with ethidium
bromide at final concentration 0.5 pg/ml. The size of the
DNA fragments was estimated by comparing them to mo-
lecular markers using pUC19 DNA/Mspl (Hpall) Marker
(Thermo Fisher Scientific) and VisionWorks LS Software.

Microsatellite genotyping. The genetic structure of the
perch populations was investigated using nine DNA micro-
satellite loci: Pfla L4, Pfla L10, Pfla L2, and Pfla L6 (Le-
clerc et al., 2000), YP111, YP78, and YP60 (Li et al., 2007).
These loci were previously developed for yellow perch
(Perca flavescens Mitchill) and Svi L10, Svi L7 (Wirth et
al., 1999) and walleye (Stizostedion vitreum. Mitchill). One
tetra-, two tri- and six dinucleotide microsatellite loci were
amplified by polymerase chain reactions (PCR). PCR am-
plifications were performed in a total volume of 12 pl, con-
taining 20-50 ng genomic DNA, 10x Taq Buffer with KCI,
1.5 mM MgCl,, 2mM dNTP mix, 0.05 U/ul Tag DNA poly-
merase, and 3 pmol/ul of each primer. PCR was performed
using an ABI 9700 thermocycler and the following thermal
cycling programme: initial denaturation at 95 °C for 3 min,
then five cycles were run with 95 °C for 45 s, 48 °C for 40
s, and 72 °C for 40 s and 22 cycles were run with 95 °C for
30 s, 52 °C for 40 s, and 72 °C for 40 s, followed by 2 min
extension at 72 °C and cooling at 4 °C. To assess the
reproducibility of the amplification of DNA fragments,
PCRs were repeated three times with each primer. In each
amplification series both positive and negative controls
were included. The investigated microsatellite markers have
a good representation in perch populations. The general
characterisation of these nine microsatellites primer pairs is

Table 1. Analysed microsatellite loci

shown in Table 1. The ABI PRISM® 310 genetic analyser
was used to identify the size of the amplified microsatel-
lites. The size of the amplified fragments was estimated us-
ing the size standard GeneScan™ 500 ROX® and the com-
puter software GeneMapper® 3.7 (Applied Biosystems).
All genotypes were manually inspected.

Statistical processing and analysis of the data. The ob-
tained data were processed and analysed using computer
softwares POPGENE 1.32 (Yeh et al., 1999) and GenAIEx
6.41 (Peakall and Smouse, 2006). Allele number per locus,
frequency, private alleles in each population, observed and
expected level of heterozygosity in polymorphic loci were
measured, and their differences and significance with Xz
criteria were calculated using POPGENE 1.32 and
GenAlEx 6.41 software. The software MICRO-CHECKER
was used to identify potential null alleles (Van Oosterhout
et al., 2004). The software MICRO-CHECKER aids in the
identification of genotyping errors due to no amplified al-
leles (null alleles), short allele dominance (large allele drop-
out) and the scoring of stutter peaks, and can also detect
other scoring errors. The genetic differentiation among the
populations was estimated by principal component analysis
(PCA) and pairwise Fgp values (Nei, 1987). Bottleneck
1.2.02 (Cornuet et al., 1997) was used to determine bottle-
neck effects in the studied populations. In order to estimate
and visualise the genetic structure and differentiation of the
studied perch populations STRUCTURE 2.3 (Hubisz ef al.,
2009) and STRUCTURE HARVESTER (Earl, 2012) were
used. The genetic relatedness of the populations was esti-
mated with the help of Nei's (Nei et al., 1983) index of ge-
netic distance (D) using the computer software Populations
1.2.32 (Langella et al., 2005). The dendrogram was created
using the Neighbor- Joining method with the computer soft-
ware TREVIEW (Page, 1996).

Species Locus Repeat type Primer sequence (5" - 3°) Label dye

Perca flavescens Pfla L10 (TG) 4 F: TCCACCCTTTGATAAGGGAC FAM
R: ACAAATCTCCTGTCAAACGC

Perca flavescens Pfla 1.2 (CA)ys F: GTAAAGGAGAAAGCCTTAAC FAM
R: TAGCATGACTGGCAAATG

Perca flavescens Pfla L6 (TG) 5 F: GCATACATATAAGTAGAGCC FAM
R: CAGGGTCTTCACTATACTGG

Perca flavescens Pfla L4 (TC)34 F: AAAGGGAAAAGGCTACGGTG HEX
R: ATCAGCAGTGCTTATGTTTG

Stizostedion vitreum Svi L10 (CA)33 F: GGTAATGTATTTTCAGTTATTGC HEX
R: GCTGTTCTCCAAGTAAAGCC

Stizostedion vitreum Svi L7 (TG),y, F: GATGTGCATACATTTACTCC FAM
R: GCTTTAATCTGCTGAGAAC

Perca flavescens YP78 (GTA)3 F: GCAGCCCCTACAATGGTT FAM
R:CAGTCGGGCGTCATCAGCCTTCTTCTGTTATTTTTCC

Perca flavescens YPI111 (CTA)¢ F:CAGTCGGGCGTCATCATGTGTATGGCTATTGTGCTC FAM

(ATA) g R: TTTGTTCAGTGTTTTTTCGC

Perca flavescens YP60 (AGAA), F: ATGTGTTATTGCTTTGCGTA HEX
R:AGTCGGGCGTCATCAGCTGTTCCTGTAATGTGTTG
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RESULTS

We investigated the polymorphism of microsatellites river
sites to examine the variability of microsatellites in five dif-
ferent particular Daugava and Lielupe sites of rivers, which
are under the influence of different anthropogenic factors
including fragmentation by the cascade of Daugava hydroe-
lectric power stations. The analysed loci (Pfla L2, Pfla L4,
Pfla 16, Pfla 110, YP60, YP7S8, YPI11, Svi L7, and Svi
L10) were polymorphic in the investigated perch popula-
tions and the level of polymorphism was very high. Ge-
netic diversity across the studied perch samples found in
each studied loci and each location are presented in Table 2.
The greatest number of alleles (25) were found at locus Svi
L7 in the population from the Daugava River in Riga
(Voleri), and the minimum number of alleles (1) at locus
Pfla L6 was found in the population from Daugava River in
the Kegums HPP (Kegums) and locus YP78 from Daugava
River in Tome (data are not shown). Private alleles were

found at the loci Pfla L2, Pfla L4, Pfla L6, Pfla 110, YP 60,
YP78, YP111, Svi L7, and Svi L10 loci. Private alleles were
found at loci Pfla L2, Pfla L6, and Svi L7 in each popula-
tion. The maximum mean number of private alleles (4.00)
was found in the Daugava River in Riga city (Voleri_D)
and the lowest number of mean values of private alleles was
detected in the Daugava River in Riga HPP (Tome_D) and
in Kegums HPP (Kegums_D) populations, with mean val-
ues of 0.67 and 0.89, respectively (Table 2).

The level of observed and expected heterozygosity is shown
in Figure 2. Observed heterozygosity (H ;) was high in all
studied populations, ranging from 0.57 to 0.75. The mini-
mum value of Hobs was 0.57 in Daugava River from Riga
HPP (Tome), and the maximum was 0.75 in Lielupe River
from Jelgava. The average expected heterozygosity (Hexp)
varied from 0.69 and 0.67 (in Daugava River in the Riga
HPP (Tome) and in the Kegums HPP (Kegums)) to 0.79
and 0.78 (in Lielupe River from Jelgava (Jelgava_L) and

Table 2. Genetic diversity across studied perch samples found in each studied loci and each location in Latvian rivers (Daugava River in Riga HPP
(Tome_D), in Kegums HPP (Kegums_D) and in Riga (Voleri_D), Lielupe River in estuary (Griva_L) and in Jelgava (Jelgava_L)

Sample Pfla-L4 | Pfla-L10 | Pfla-L2 | Pfla-L6 | Svi-L7 YPI11 YP60 Svil10 YP78 Total
N 24 25 29 27 19 30 31 32 31 32
A Na 11 16 19 9 25 9 20 4 4 13 (2.46)
EI Ne 5.333 7.022 12.188 4.166 19.514 4.337 14.561 2.330 1.957 7.93 (2.03)
S No 1 4 4 4 18 1 4 0 0 4(1.85)
Ho 0.792 0.800 0.793 0.000 0.947 0.633 0.903 0.563 0.387 0.65 (0.10)
He 0.813 0.858 0.918 0.760 0.949 0.769 0.931 0.571 0.489 0.78 (0.5)
N 11 11 11 9 11 11 11 11 11 11
- Na 8 8 11 4 10 12 10 3 6 8 (1.04)
B Ne 5.042 6.050 7.563 2.613 7.806 8.963 8.345 2.283 4.566 5.91 (0.82)
5 No 0 3 1 0 1 10 1 0 2 2 (1.05)
Ho 0.818 0.818 0.636 0.000 0.727 1.000 1.000 0.727 1.000 0.75 (0.10)
He 0.802 0.835 0.868 0.617 0.872 0.888 0.880 0.562 0.781 0.79 (0.04)
N 7 7 7 1 3 7 7 2 3 7
a Na 6 3 10 1 5 5 9 4 4 5.22 (0.94)
z Ne 4.455 2.390 8.167 1.000 4.500 3.630 7.538 4.000 3.000 4.30 (0.77)
é"i No 0 0 2 1 1 1 1 1 1 0.89 (0.20)
Ho 0.714 0.714 0.714 0.000 0.667 0.571 1.000 1.000 1.000 0.71 (0.10)
He 0.776 0.582 0.878 0.000 0.778 0.724 0.867 0.750 0.667 0.67 (0.9)
N 23 23 23 16 2 23 23 23 18 23
a Na 11 14 19 7 14 10 15 4 5 11 (1.67)
g Ne 6.654 6.961 9.200 2.207 7.389 5.658 10.907 2.587 2.582 6.02 (1.02)
e No 1 6 3 1 3 3 1 0 2 2.22 (0.60)
Ho 0.826 0.957 0.652 0.125 0.864 0.870 1.000 0.609 0.556 0.72 (0.09)
He 0.850 0.856 0.891 0.547 0.865 0.823 0.908 0.613 0.613 0.77 (0.05)
N 7 7 7 4 5 7 7 6 3 7
o Na 6 9 10 2 5 3 8 3 1 5.22 (1.07)
o Ne 5.158 6.533 7.000 1.600 2.500 2.579 5.765 2.323 1.000 3.83 (0.76)
E No 0 0 2 2 2 0 0 0 0 0.67 (0.33)
Ho 0.857 0.857 0.857 0.000 0.600 0.571 0.857 0.500 0.000 0.57 (0.12)
He 0.806 0.847 0.857 0.375 0.600 0.612 0.827 0.569 0.000 0.61 (0.9)

Na, the average number of alleles in a locus; Ne, the average effective number of alleles in a locus; No, the average number of private alleles; Ho, observed
heterozygosity; He, expected heterozygosity, standard error values in parentheses
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Fig. 2. Bayesian clustering of individuals using STRUCTURE (Hubisz et al., 2009) assuming two genetic clusters (K = 2; AK = 4.62; InP(K) = SD =
—3021.04 + 10.04). In the STRUCTURE analysis black lines separate individuals from different sampling sites and each individual is represented by a thin
vertical line, which is partitioned into K-coloured segments representing an individual's estimated membership fractions in K clusters (1 — Kegums_D,

2 -Tome_D, 3 — Voleri_D, 4 — Jelgava_L, 5 — Griva _L).

Table 3. Significance (Xz -test) of differences between the levels of observed and expected heterozygosity in five studied perch samples collected in two Lat-

vian rivers

Populations/ Pfla L4 Pfla L10 Pfla 12 Pfla L6 Svi L7 SviL10 YP78 YPI111 YP60
microsatellite loci
Kegums_D ns ns ns ns ns ns ns ns
Tome_D ns ns ns ns ns M ns ns
Voleri_D ns ns * HEE ns ns HkE * *
Jelgava_L ns ok ns HAk ns ns ok ns ns
Griva_L ns ns * Fokk ns ns * dokx ns

D - Daugava, L — Lielupe; ns, not significant; M, monomorphic loci; * p < 0.05; ** p < 0.01; *** p < 0.001

Daugava River from Riga (Voleri) (Voleri_D). A signifi-
cant homozygote excess was observed in populations from
the Daugava River in Riga (Voleri_D) at five loci (Pfla L6,
YP78; p < 0.001; YPI11, YP60, and Pfla L2, p 0.05), from
the Lielupe River estuary at four loci (YPI11, Pfla L6, p <
0.001; Pfla L2, and YP78, p < 0.05), and from Jelgava in
Lielupe River at three loci (Pfla L10, YP78, p < 0,01,and
Pfla L6, p < 0.001) (Table 3).

Maximal differences between the levels of observed and ex-
pected heterozygosity in the studied perch populations were
found at loci Pfla L6 and YP78. Significant differences be-
tween observed and expected heterozygosity at locus Pfla
L6 were found in populations from the Daugava River in
the Riga HPP (Tome_D) and in Riga (Voleri_D) and from
Lielupe River estuary (Griva_L) and in Jelgava (Jel-
gava_L). At loci YP78S, significant differences were found
in populations from the Daugava River estuary in Riga
(Voleri_D) and from the Lielupe River estuary (Griva_L)
and in Jelgava (Jelgava).

Three loci (Pfla L4, Pfla L2, and YP60) had little genetic
differentiation (0.023, 0.009, and 0.003, respectively); four
loci (Pfla L10, Svi L7, Svi L10 and YP111) had moderate
differentiation (0.063, 0.096, 0.137, and 0.040, respec-
tively). Two loci (Pfla L6 and YP78) had very high genetic
differentiation (0.161 and 0.162, respectively) between
populations.

The presence of null alleles in the studied perch populations
was not observed. The generalised data, which based on
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Table 4. Pairwise Fst of genetic differentiation between perch populations
from the Daugava and Lielupe Rivers

Populations | Kegums_D | Tome_D | Voleri_D |Jelgava_L | Griva_L

Kegums_D 0

Tome_D 0.075 0

Voleri_D 0.119 0.078 0

Jelgava_L 0.161 0.104 0.066 0

Griva_L 0.109 0.072 0.052 0.057 0

nine microsatellite loci, show radically different genetic dif-
ferentiation (Table 4).The lowest differentiation (pairwise
F,,) was between populations from the Daugava River estu-
ary in Riga (Voleri_D) and the Lielupe River estuary (Griva
_L); and between populations from Jelgava (Jelgava_L) and
the Lielupe River estuary (Griva _L) pairs (0.052 and 0.057,
respectively). The highest differentiation (0.161) was be-
tween perch populations from the Kegums HPP
(Kegums_D) and Jelgava (Jelgava_L). This is quite a high
level of genetic differentiation, which correlates with geo-
graphic distance. Moderate genetic differentiation
(0.05-0.15, Hartl, Clark 1997) was found between other
populations.

Principal component analysis (PCA), a graph of genetic
structuring among five perch populations in different loca-
tions from the Daugava and Lielupe rivers, clearly showed
the genetic structuring of both the Daugava River samples
(Voleri, Tome, and Kegums) and the Lielupe samples (Jel-
gava and Griva) into different genetic groups (Fig. 3). PC1
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Fig. 3. Principal component analysis (PCA). Plot of
genetic structuring among five perch populations.

and PC2 explained 16.65% and 55.78% of the total varia-
tion, respectively.

The Bayesian clustering analysis implemented in the
STRUCTURE software identified two groups (K =2, AK =
4.62; InP(K) = SD = -3021.04 + 10.04), separating perch
populations from from Lielupe River in Jelgava (Jelgava_L)
from the other group (Fig. 2).

The Neighbor-Joining dendrogram (Fig. 4) based on Nei ge-
netic distances (D) shows that the perch population from the
Daugava River in Riga HPP (Tome_D), and from Kegums
HPP (Kegums_D) form separate groups (node robustness
89%). The perch populations from Lielupe River in estuary
(Griva_L) and Jelgava city (Jelgava_L) form a separate
group (node robustness 76%), and the perch population
from the Daugava River in Riga (Voleri_D) is clustered
separately (node robustness is 74%).

DISCUSSION

The anthropogenic influence of cities, navigable ports, and
dams on rivers can affect the genetic structure of fish popu-

Voleri Daug

lations. For the first time, we used the widely distributed
freshwater fish European perch (Perca fluviatilis L.) as a
model species to study the genetic structure of fish popula-
tions in different parts of the Latvian rivers under anthropo-
genic influence.

The greatest number of alleles and the maximum number of
private alleles were found in the perch population from
Daugava River in Riga (Voleri_D). For the other popula-
tions in Daugava River and Lielupe River, the average
number of alleles per locus was low. This could be ex-
plained by the small sizes of the samples. However, the
studied samples are quite numerous, and the sample size is
sufficient for population genetic analysis. The Daugava
River and its numerous tributaries forms a dendritic river
network. An upstream decline in genetic diversity is gener-
ally expected in organisms inhabiting a dendritic river net-
work because of the accumulation of allelic diversity below
confluences of tributaries containing genetically differenti-
ated populations (Morrissey and de Kerckhove, 2009; Paz-
Vinas and Blanchet, 2015). This may explain the increase in
allelic diversity in the estuary, as a result of the mixing of
different genotypes of perches that come here from their

89
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Fig. 4. The Neighbor-Joining dendrogram for the studied perch individuals (according to the genetic distances (D) (Nei et al., 1983).
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many tributaries. It is possible that the high number of pri-
vate alleles is the consequences of mixing of various ge-
nomes, which could have been formed in the estuary of
Daugava River in Riga (Voleri_D and in estuary of Lielupe
River as possible subsequent breeding, because the popula-
tions from different places are not geographically and repro-
ductively isolated at this location. Private alleles can be in-
dicators of gene flow and theoretical models of population
structure indicated that the occurrence of private alleles was
related to the mean number of migrants exchanged per gen-
eration between populations (Slatkin, 1985; Barton and
Slatkin, 1986). However, it can be assumed that different
genotypes of perch from tributaries cannot move freely and
accumulate at the mouth of the Daugava River due to dams.
We also observed an increase in allelic diversity at the
mouth of the river on the Lielupe River, which has no dams.

Changes in water quality have been linked to changes in
aquatic biota. Concentrations of nutrients, pesticides, or-
ganic chemicals, and heavy metal concentrations are often
elevated in urban run-off and treated waste-water, which are
major sources of effluents in many urban streams (Lieb and
Carline, 2000; Shinya et al., 2000). Perhaps the increase in
allelic diversity is influenced by various chemical com-
pounds in the water within the territory of large cities, such
as Riga. Heterozygosity serves as an indicator of evolution-
ary potential and is important in determining population dy-
namics as well as population viability. A decrease in hetero-
zygosity may lead to a decrease in adaptation in the
population. An increase in the intra-population gene diver-
sity associated with selective fishing was found by genetic
monitoring of various fish species (Altukhov et al., 2000).
Eurasian perch is a commercially intensively exploited
freshwater fish species in Europe, and is a targeted angling
species in many countries (Heermann et al., 2013). Selec-
tive fishing occurs in perch populations from Daugava
River and also Lielupe River. The observed heterozygosity
(H,,,) was quite high in all studied perch populations. The
heterozygosity values were similar to those in other water
reservoirs in Latvia, for example, in Kale Lake (Kokina et
al., 2018) and in other Baltic countries (Pukk et al., 2016).
Heterozygosity values in all studied perch populations of
the Daugava River and Lielupe River are higher than in the
Curonian Lagoon and the Gulf of Finland in the Baltic Sea
(Sruoga et al., 2008; Pukk, et al., 2016). Perch populations
from city regions have lower heterozygosity. These city
perch populations are probably under selection pressure.
The values of heterozygosity for three loci (Pfla L6, YP78,
YPI11) indicated the potential robustness of these loci as
genetic markers of population resistance, because they can
reflect heterozygosity in populations. The highest genetic
differentiation (0.161) based on F values was found be-
tween the perch populations from Daugava River (Kegums
HPP reservoirs (Kegums_D)) and Lielupe River in Jelgava
(Jelgava_L). Obviously, this reflects the geographic isola-
tion of the Daugava and Lielupe River catchments and indi-
cates the absence of gene flow between the studied perch
populations. Genetic differentiation was significant for fish
populations in the Daugava River between Kegums and
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Riga HPP reservoirs and between Riga HPP reservoir and
Daugava River in Riga (Voleri_D). It was substantially
higher than the differentiation between Lake Kale and Lake
Babites in Latvia (Kokina er al., 2018).

This differentiation is apparently due to the fragmentation
of populations caused by HPP dams. In a study of chub in
the French river Durance, it was estimated that each dam
adds a virtual distance of 34 km in terms of genetic differ-
entiation (Dehais et al., 2010). The negative effects on
populations of dams and HPP are likely to be pronounced
for many other fish species having lower dispersal abilities
(Wollebzk et al., 2011; Gouskov et al., 2016). The differ-
entiation was quite low (0.052) between the perch popula-
tions in the Daugava River estuary of Riga and the Lielupe
River estuary. This is due to the existence of the old river-
bed of Lielupe River (Bullupe River) connecting the Dau-
gava River estuary in Riga to the Lielupe estuary via which
fish can migrate.

Bayesian clustering also revealed a similar result: the perch
populations from the Daugava River and the Lielupe River
estuary (Griva_L) were clustered in one group. Only the
perch population from Lielupe River in Jelgava (Jelgava_L)
was separated from the other studied perch populations.

The Neighbor-Joining phylogenetic dendrogram indicated
that the perch populations from Daugava River formed a
separate group from the Lielupe River populations. The
perch population from the Daugava River in Riga
(Voleri_D) formed a separate group (node robustness is
74%) from the other Daugava River perch populations. The
main genetic differences between perch populations in
Lithuania could be explained occurrence in different water
basins (Butkauskas et al., 2012). It is possible that more
pronounced genetic isolation of catchment areas of rivers
exists, which could be detected by increasing the number of
studied loci and regular genetic monitoring of the studied
populations.
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ASARU PERCA FLUVIATILIS (L.) POPULACIJU GENETISKA STRUKTURA HES FRAGMENTETAS (DAUGAVA) UN
NEFRAGMENTETAS (LIELUPE) LATVIJAS UPES

Udens ekosisttmam ir bitiska loma biologiskas daudzveidibas un vides kvalitates saglabasana Latvija. Zivju resursi ir vieni no
vertigakajiem biologiskajiem resursiem Latvija. Lai noveértétu ekonomiskas aktivitates (pilsétas, hidroelektrostacijas u.c) antropogéno
ietekmi uz saldiidens ekosistému, tika pétita Daugavas un Lielupes upes asaru Perca fluviatilis (L.) populaciju genétiska struktira,
izmantojot devinus DNS mikrosatellitu lokusus (Pfla L4, Pfla L10, Pfla L2, Pfla L6, YP111, YP78, YP60, Svi L10, Svi L7). Tika analizéta
genétiska daudzveidiba, polimorfisma limenis, alelu daudzveidiba, novérota un paredzama heterozigotate, populacijas strukturéSana;
izmantota Beiesa pieeja. Tika paradits, ka asaru populacija Daugava Rigas pilsétas teritorija bitiski atSkiras starp visam pargjam
populacijam, un $aja populacija ir heterozigotu deficits. Asaru populacijas genétiska diferenciacija Daugava ir batiska starp Keguma un
Rigas HES tdenskratuvém, populacijas fragmentacijas rezultata.
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