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1. INTRODUCTION

Scope of the studyGenetic variation constitutes the basis for
biological evolution and consequently influenced Hvels of
biodiversity (Laikreet al., 2010) Genetic components of biodiversity
are essential for adaptation to environmental changustainable use
of recourses and ecosystem recovery (Leckl., 2003; Frankham,
2005; Reusclat al., 2005). Species are not genetically homogeneous,
but structured into groups of individuals (or paidns) that are
genetically differentiated (Laikre et al., 2005)er@tic population
structure of the species is a pattern of distrdyutf genetic variation
within and between populations and genetic diffeesrbetween them.
For a species like Atlantic salmosa(mo salar L.) and sea trout
(Salmo trutta L.), strong homing instinct (i.e., sexually mature
individuals return to spawn to the river in whidmey were born)
provides a possibility to genetically adapt to eorimental conditions
in their natal rivers and results in the formatairpronounced genetic
structure, where each river system contains at leas genetically
distinct population (Hansest al., 2002; Koljoneret al., 2002; Fraser
et al., 2007; Apostolidiet al., 2008; Ozerowet al., 2010). Ignoring or
not knowing the genetic population structure magultein loss of
genetic diversity, reduced productivity, and ecaabjdamage (Laikre
et al., 2005).

A large proportion of the natural habitat of thénmsan and
brown trout has been altered by various human iiegv(pollution,
power plant construction, timber floating) (Parigh al., 1998;
Nilsson et al., 2005). Subsequently, large part of the intragiec
variability of the salmon and trout has been lagt tb environmental
degradation and harvestigaikre and Ryman, 1996). Furthermore,
because of the species economic value, remainipglg@ions are
threatened by activities such as releases of teatdd or hatchery
bred individuals into natural rivers where wild pigttions of the same
species occur (Laikret al., 2010).

Hatchery produced and released salmon constitbtmst 0%
of the salmon in the Baltic Sea (ICES, 2011). Mordess extensive
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stocking programs of salmon and brown trout havenbearried out
for several decades in most of the rivers of thétiBasea basin,
including those which still harbor wild populatioi€ES, 2011). It is
evident from the many studies that introgressiorhatchery reared
individuals into the wild populations occurs anduks in genetic
changes in the wild populations. Moreover, thesgege changes are
almost always detrimental to the fitness and safvif individual
populations as well as to inter-population genedicability (Hindaret
al., 1991; Moraret al., 2005; Vasemagit al., 2005b; Apostolidist
al., 2008; McGinnityet al., 2009; Hansest al., 2010). Therefore, to
enable sustainable use and conservation of naahalon and brown
trout populations it is essential to incorporateaje aspects into the
management (Allendoet al., 1987).

Atlantic salmon and brown trout are genetically hiyg
structured species. The brown trout has two altemndife stages: (i)
resident form that spend their entire life in aeriwr a small stream,
and often spawn in smaller tributaries of the anea (i) anadromous
form (sea trout) that migrate from the rivers ageams in which they
were born to the sea where they forage until regchexual maturity
and then return to their native rivers to spawlidE 1994). There is
complete reproductive isolation between residergufaiions which
are physically isolated (Moraet al., 1995; Bouzaet al., 1999).
Anadromous populations, because of homing behaandrrestricted
gene flow, are also partly isolated from each offi¢ansenet al.,
2002). Although Atlantic salmon and brown trout generally well
studied species in respect to genetic populatiarctstre, very little
information on genetic variation and genetic popaoia structure
exists for these species in Lithuania. While tratriiution, abundance
and productivity of salmon and sea trout stockd.ithuania have
regularly been monitored since 1998, only mitochimid DNA
diversity of these species has been studied in Mamuiver basin
(Leliana and Virbickas, 2006; L&la, 2010) and the population
genetic studies based on more informative nucléé harkers have
not been carried out so far. This study is the ftsempt to gather
information on genetic structuring, relationshipsl alispersal among
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Lithuanian salmonid populations based on microkt&telDNA
analysis.

Objective and tasks of the studyThe objective of this study
was to assess genetic diversity of Lithuanian salmod s@a trout
populations, to investigate spatio-temporal popotastructure of sea
trout and to provide recommendations for sustamainagement of
genetic resources.

The main tasks of the study were:

1. to estimate between-river and within-river geneliversity
in wild and enhanced salmon and trout populations;

2. to estimate genetic differences and relationshipsnag
populations;

3. to determine hierarchical structure of sea troyiytations;

4. to assess temporal stability of the genetic diteraind
structure of sea trout populations;

5. to estimate the level and patterns of contempagane flow
among sea trout populations;

6. to develop guidelines for management of genetionees.

Novelty of the study.lIt is the first study of genetic diversity
and population genetic structure of salmon andrees in Lithuanian
rivers based on microsatellite DNA variation. lbpides information
on the patterns of contemporary natural and humeadiated gene
flow and the resulting fine scale and temporal patn structure of
the sea trout in Lithuania. This study provide® atgormation about
the genetic impacts of supportive releases in filgahyh structured
population system.

Scientific and practical significance of the resuft. The results
of this study contribute significantly to the gesleknowledge about
the population ecology of salmonid fishes in Lithizen rivers. This
study provides information on spatial and tempgetetic structure
that could be used for identifying and analyzingdes caused by



human activities, therefore the results of thislgtaan be important
not only in Lithuanian but also throughout Balt@agegion.

Results of this study provide baseline data for itooing future
changes at gene level diversity of salmon and ised in Lithuania.
This study also provides guidelines for future nigamaent of the sea
trout populations that should be based on knowledfyegenetic
structuring, relationships and dispersal among [atijoms. Potentially
these guidelines can be incorporated in practicainagement
programs of salmon and trout in Lithuania.

Defensive statements

1. Level of genetic diversity in Lithuanian salmon aseh trout
populations is high and similar in all examinederibasins as
well as between wild and hatchery populations.

2. Lithuanian sea trout populations are hierarchicsiiyctured at
the level of river basins and at the level of ttédsies within the
river basins.

3. Genetic structure of sea trout populations fit atoh by
distance model and differentiation by drainage anere
pronounced than within river basin differentiation.

4. Lithuanian sea trout populations are temporallplsta

5. Contemporary gene flow between Lithuanian sea trioats is
asymmetric and distance restricted.

6. Genetic diversity and genetic structure of Lithaangea trout
populations reflects contemporary dispersal ane diemv (both
natural and human mediated).

Scientific approval
The results of this study were presented at 5natenal conferences:

European Workshop for Doctoral StudentsSahmo salar andSalmo
trutta Research (NoWPaS), February 14-17, Roskilde, Ddnma
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"Genetic risks in relation to compensatory releagesared salmon in
the Baltic Sea". December 7-8, 2010, Alvkarlebye8en;

1st , 2nd and 3rd regional student conference anditrsity and
functioning of aquatic ecosystems in the Baltic 8&pon", Klaipeda,
Lithuania, in 2004, 2006 and 2008.

Two papers were published on the dissertation topic

1. A. Sauklyt, A. Kontautas, A. Paulauskas. 2002. Genetic
diversity of farmed and wild populations of Lithuam stocks
of Atlantic Salmon. Proceedings of the Latvian Asay of
Sciences. Section B, Vol. 56, No. 3, pp. 20-25.

2. A. Samuiloviene, A. Kontautas, R. Gross. 2009. @ene
diversity and differentiation of sea trouSa(mo trutta)
populations in Lithuanian rivers assessed by mateikte
DNA variation. Fish Physiology and Biochemistry, [V85,
No. 4. pp. 649-659.

Volume and structure of the thesis The dissertation is
presented in the following chapters: Introductibiterature review,
Study Area, Material and Methods, Results, DisaussConclusions
and References. The volume of the dissertationl® fgages and
references include 144 sources.
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2. LITERATURE REVIEW

2.1 Phylogeography of Atlantic salmon $almo salar) and
brown trout (Salmo trutta)

2.1.1 Atlantic salmon

The distribution area of Atlantic salmoBa(mo salar) is wide
and covers north Atlantic river system in North Aroa and Europe.
Nowadays its European distribution range extendsnfmorthern
Portugal to the Pechora River in northwest Russ@uding Iceland,
the British Isles and the Baltic Sea (Tonterial., 2005). In the
western Atlanticsaimo salar is found in the rivers of USA, Canada
and Greenland.

The analysis of various classes of molecular nrarkhowed
clear genetic differentiation between western aaste¥n groups of
Atlantic salmon populations (Stahl 1987; Berminghemnal., 1991;
McConnellet al., 1995a, b; Verspoaat al., 1999; Kinget al., 2001)
as well as between eastern Atlantic and Baltic salgroups (Bourke
et al., 1997; Verspooet al., 1999; Nilssoret al., 2001; Consuegret
al., 2002; Sais&t al., 2005). Consequently, Baltic Sea salmon forms
one of the three major groups of Atlantic salmdme bthers are
groups of western and eastern Atlantic.

For the Baltic Sea salmon, three hypotheses of-giasial
origin have been proposed. One of the hypothes#satsthe Baltic
Sea could be colonized by salmon from eastern gc&dllakes before
the Yoldia sea stage (Kazakov and Titov, 1991, 9ditset al., 2001;
Tonteriet al., 2005). Other hypothesis proposes a westernnofligm
Atlantic populations via Narke Strait at the begngnof the Yoldia
sea stage (Verspoogt al. 1999) and third hypothesis suggests
combination of both west and east origin of Badiidmon (Koljonen
etal., 1999).

The hypothesis that the entire Baltic Sea wasnipéal from a
western refugee (Verspoet al., 1999) was based on the studies of
salmon populations from the Gulf of Bothnia onhyhile other Baltic
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Sea areas and populations were not covered bytigatens (Saisa
et. al., 2005). However, knowledge on allozyme and mitocirial
DNA variation provide clear evidence of the genedifferences
between southern Baltic populations (Main Basin @otf of Finland)
and populations that belong to the Gulf of Both{daljonen et al.,
1999; Nilssonet al., 2001). It was proposed that these differences
exist because the postglacial colonization of tredti® Sea with
different lineages from different glacial refugeegent salmon stocks
of Estonia, Latvia, Russia and southern Sweden abably
originated from the eastern glacial lakes (the lake Lineage) and
stocks of northern Finland and northern SwedenAdiantic origin
(Atlantic lineage) (Koljonen, 1999).

Later on it was found that based on microsatelfsA
variation, there are genetic differences not oineen southern and
northern Baltic salmon populations, but also betw@®pulations
within southern group. Within the Baltic Sea the@mmous salmon
populations form three distinct groups, correspogdb the northern
(Gulf of Bothnia), eastern (Gulf of Finland and teas Baltic Main
Basin) and southern regions (western Baltic MaisiBa(Saisét al.,
2005). These findings indicated that the Baltic $@a colonized by
at least three distinct refuges: the Gulf of Bathfriom an Atlantic
refugee, the Gulf of Finland from an eastern ide leefugee and the
southern Main Basin from a southern refugee that p@sumably
located in the basin of rivers Nemunas, VistularaOahd Elbe (S&isa
et al., 2005).

Colonization hypothesis that entire Baltic Sea Heeen
colonized from eastern preglacial lakes (Kazakod aitov, 1991,
Nilssonet al., 2001; Tonteriet al., 2005) and uncertainty about the
possibility of an immigration from Atlantic were $&d on the fact that
one MtDNA haplotype, which is found in most Atlanfopulations,
was absent in populations from the Gulf of Both(iBlssonet al.,
2001). However, Nilsson and co-authors (2001) foutltht
populations from Gulf of Bothnia had several hagbes that are
attributable to Atlantic populations. Studies onloafme data
(Koljonen et al., 1999) as well as microsatellite data (Sasal.,
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2005) also showed similarity of the northern Baliea group and
Atlantic populations. Consequently, although thigioal colonization

lineage may later have admixed to some extent wiitler lineages
(Saiséet al., 2005), theories regarding the origin of the Badalmon

remain controversial.

2.1.2 Brown trout

Brown trout Galmo trutta) is naturally distributed in Europe,
Western Asia and North Africa (Garcia-Maret. al., 1999). Its
natural distribution ranges from northern Norwayd amortheastern
Russia, southward to the Atlas Mountains of Norfhc&. From west
to east, its distribution extends from Icelandie headwaters of Aral
Sea in Afghanistan (Apostolidiet. al., 1996a; Bernatchez, 2001).
Brown trout is one of the genetically most subdtrted vertebrate
species currently known to exist (Allendorf and tye4988). A large
proportion of the intraspecific biological divessiof the brown trout
IS represented by genetic differences between pbtpos, and this
genetic divergence is often coupled with pronoungégnotypic
variation (Apostolidiset al., 1997). The analysis of mitochondrial
DNA (mtDNA) sequence variation has revealed five jana
phylogeographic groupings among western and cerrabpean
populations of brown trout: Atlantic, Adriatic, Dalpian,
Mediterranean andharmoratus (Bernatchezt al., 1992; Bernatchez
and Osinov 1995; Bernatchez 2001). The Atlanticlqdsographic
group is found throughout the Atlantic river systefrom Iceland and
Norway in the north to Iberia and the Atlas moumsaof Morocco and
also in the Baltic and White Sea drainages. Damulhizeage is
associated with drainages of the Black, Caspianfaatl Sea basins,
as well as the Persian Gulf. The distribution dfentthree lineages —
Adriatic, Mediterranean anoharmoratus — slightly overlap with the
other two and differ in distribution pattern withihe Mediterranean
Sea basin. Thenarmoratus lineage is almost strictly associated with
the Adriatic basin. The Mediterranean lineage edpminantly found
in tributaries draining in the western basin of lfecdlanean Sea,
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whereas the Adriatic lineage is distributed in dastern part of the
Mediterranean basin (Bernatchez, 2001).

Very important role in the origin of the five eutibnary
lineages of brown trout played isolation of basihat occurred in
Europe during Pleistocene glaciations due to clignaand
environmental changes. The most ancient fragmentatwhich
involved Atlantic, Ponto-Caspian and Mediterranedrasins,
determined separation between Atlantic and Danubiarages
(Apostolodiset. al., 1996b). Subsequent and possibly simultaneous
fragmentation occurred within the Mediterraneanirpashich led to
the divergence of the Mediterraneamarmoratus and Adriatic
lineages (Bernatchez, 2001).

Considering that Atlantic lineage is associatedhwihe
Atlantic basin, the center of origin of this lineag associated with
drainages of this system. The northern part ofAthentic region was
ice covered and thus many populations have exisigg since
postglacial times (Apostolidiat. al., 1996a). However, in addition to
the brown trout populations being present in urigtad parts of the
Atlantic region, one or more glacial refugia prolyabxisted at the
margins of the ice sheets (Ferguson and Flemin@;188milton et
al., 1989; Osinov and Bernatchez 1996). This was cueg by
significant differences in nuclear and mitochondiZNA markers
between Atlantic Iberian populations and more rarihAtlantic
populations (Moramt al., 1995; Antunest al., 1999; Garcia-Marigt
al., 1999; Weisst al., 2000).

Studies based on variation of allozyme alleles and
mitochondrial DNA has proposed that more than owostglacial
colonization of northwestern Europe took place. the basis of
variation in allozyme alleles, Ferguson and Flem(ib®83) proposed
that the northwest Atlantic was colonized indepeigieby two races
of brown trout. Hynest al. (1996) analyzed the pattern of distribution
of mtDNA and suggested that the post-glacial cdatidn of
northwest Europe was more complex. Garcia-Maatinal. (1999)
contributed to the hypothesis of multiple coloni@aatand proposed a
postglacial recolonization model of the northwesiatic, based on
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allelic distribution at two enzymatic loci. Acconmdj this model,
colonization occurred from (i) a north-western raigyn from an
eastern Mediterranean-Caspian refuge, (ii) a norte&pansion from
a refuge in Atlantic drainages of Iberia and soutt&ance, and (iii) a
northern and eastern migration from a refuge cedtanear the
English Channel (Garcia-Marigt al., 1999a). They suggested that
most current populations in the formerly glaciatedea are
combinations of these lineages. In the subsequémdy,s this
hypothesis was re-evaluated and was argued thaibdigon of both
MtDNA haplotypes and allozyme alleles do not supptire
contribution of two major glacial refugee (southwedlantic and
Mediterranean-Caspian Basin) to the postglaciallozization (Weiss
et al., 2000). It was also suggested that distributibrmtDNA and
nuclear gene markers in previously glaciated antasrthern Europe
can be explained by postglacial dispersal from geéu located
northwards of the Iberian Peninsula, as well asBlaek-Caspian-
Aral basins (Weisst al., 2000). Furthermore, Bernatchez (2001)
reconciled previous interpretations of the origindapostglacial
history of brown trout and supported the existeatenorthwestern
refuge as well as existence of northeastern refugk also provide
evidence for the contribution of a southern refuBesults of that
study implied that northern colonization by thisuttern group
occurred prior to the last glaciations; they alsfute a contribution of
a Ponto-Caspian lineage. It can be concluded thaemt genetic
diversity in North Atlantic region is the result ahdependent
postglacial colonization by genetically distinctotyn trout lineages
(Bernatchez, 2001).

2.2 Factors affecting genetic differentiation of ppulations

Salmonid fishes exhibit complex patterns of genetic
differentiation even at microgeographical levelsa@htet al., 2000;
Spidleet al., 2003; Verspooet al., 2005; Dillaneet al., 2007; V&ha
et al., 2007; Heggenest al., 2009). The large microgeographical
differentiation is mainly associated with reprodwuetisolation and
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homing behaviour (Ferguson, 1989). In some casesetige
differentiation is the result of complete reproduetisolation —
distinct populations have been found within theatmns that are
separated by impassable waterfalls and other geuolmyical
structures. Otherwise, if there are no physicatibe, strong homing
behaviour may be sufficient to maintain geneticfedéntiation
(Ferguson and Mason, 1981; Stahl 1987). The patitsubstantial
microgeographical differentiation may be the resfila combination
of mutation, random genetic drift, gene flow andunal selection
(Wright, 1931).

Genetic drift. Genetic drift is a random change in allele
frequency of population. It occurs if a populati®ime is not infinite.
In populations that are not infinitely large, adlefrequencies will
change over time because to chance. The effeateradtic drift are
strongest in small populations: the fewer individua the population,
the stronger genetic drift affects the populatiblfowever, the effect is
very small in large populations.

In the short term, over a few generations, a regfutienetic
drift would be the increasing or decreasing oflelkeequencies in a
random, unpredictable way. In the longer term, miein result of
genetic drift is loss of genetic variation. Thiscors because some
alleles may not be passed to the next generatidnoaar time the
effect of genetic drift will be the loss of alleléy chance. Genetic
drift also results in different populations becogirmgenetically
different from each other because different allelds become more
frequent or fixed in different populations.

Natural selection. Natural selection occurs because different
genotypes have different fitness. Individuals witime genotypes
(those with higher fitness) survive and reproducarenthan other
individuals. As a result, these genotypes becomes@singly more
and more common in populations. In different popaores, parents of
different genotypes pass their genes unequallii@émext generation,
leading to the genetic differences among isolatedufations. So,
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genetic drift tends to make different populatiomsnetically different
from each other by chance, whereas natural sefe¢gads form
genetically different populations due to environmaérconstraints.
Consequently, the traits that have high fitneseria population, and
evolve through natural selection, will be differdrdm the traits that
have high fitness and evolve through natural sielecin another
population.

Mutation. Mutation is biochemical change in DNA and
assumes changes of one allele into another, whatas new alleles. It
is a very unusual process and typical mutationsrafe about one
mutation in a million genes passed from generatiageneration. As a
result, evolution through mutation is extremelywsle so slow that it
is generally impossible to detect it. However, rtigtais important as
a source of genetic variation. The process of rimrtas the only way
in which genetic variability is created, and withauutations there
would be no biological diversity.

Another important aspect of genetic mutation is it
randomness — it may produce alleles that resuiigh or low fitness.
What happens to those alleles, once they are pedddepends on the
natural selection, genetic drift and gene flow.

Gene flow. Gene flow is a change in allele frequency that
occurs due to migration of individuals among popates. When
individuals move into a population they may brirgnalleles which
are not present in that population or occur in degtpies that differ
from the allele frequencies of that population. &dlow increases
genetic variation within a population. Gene flownds to make
populations genetically similar to each other. There gene flow
occurs, the more similar the populations will beeottfi less than one
individual per generation moves between populafioesthe amount
of gene flow is very low, then populations will dédop complete
differences (differences in which alleles are fixad different
populations). In contrast, if migration between glagions occur in
large numbers of individuals, i.e. the amount ohegdlow is very
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high, the populations will be like one single paiidn and will have
the same alleles in the same frequencies, evemely bccur in
different environments and differences could othsewto evolve
through natural selection. Large amounts of geow iVill mask the
effects of other forms of evolutions and make papaoahs similar.

In between these two situations, movement of aitleae
individual in each generation from population topplation will
prevent complete differences — the alleles founahi@ population will
also be found in the other. However, if levels ehg flow are fairly
low, the populations may have large differencealiele frequency —
an allele that is common in one population maydre n another.

Generally, selection, genetic drift and gene fldfe@ genetic
variation within populations and genetic differescéetween
populations. Both drift and selection tend to dasesvariation within
populations and increase differences between ptipuoda whereas
gene flow increases variation within populationst bonakes
populations similar.

2.3 Genetic markers

Genetic markers are the genes or fragments of DN ¢an be
used for population genetics studies. Researchengeay interested in
assessing genetic variation of populations andctietgsimilarities as
well as differences of populations in order to oyite conservation
strategies. It is difficult to quantify distinctreebetween populations
of the same species using morphological charadarse the most of
morphological traits are determined by several gearal are strongly
influenced by environmental factors. For these amBss genetic
markers are the most accurate and efficient metihadbntify discrete
populations. Both protein and DNA analysis detemadic variation
that is selectively neutral. However, protein al@ghoresis surveys
portions of the genome that code the functionathéonical products,
so only the functional genes can be detected. &umtbre, a large
proportion of genetic variation can arise from milenucleotide
substitutions that are not detectable through pratealysis. Although
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allozymes are useful for estimation of genetic aaitity within and

between populations as well as for comparison plfations on both
temporal and spatial scales (Koljoretral., 1999; Bouzat al., 1999;

Cagigaset al., 2002), the low variability at allozyme loci inost

salmonid species reduces sensitivity of these marked do not
provide the desired resolution (Corgal., 2004).

In contrast, analysis of DNA detects genetic vamaat its most
fundamental level, the nucleotide sequence. ThusA analysis
allows examination of nucleotide sequences thaharéranslated into
protein products or that have no known functionc&ese the direct
analyses of DNA allow more extensive analysis & tfenome and
show higher levels of polymorphism, DNA-based meskprovide
greater ability to resolve slight genetic differeac between
populations and even to distinguish between indizisl (Estouet al.,
1998).

DNA-based analyses can be organized into two betesses that
are defined by the type of DNA they detect. Ones<laf studies
targets mitochondrial DNA (mtDNA), the other — nemt DNA
(nDNA). Mitochondrial DNA is a small, haploid molgle that is
inherited maternally, is composed almost entirélgaring sequence,
is free from recombination and have relatively higltation rate.
These features make mtDNA useful for phylogeogregihstudies
(Weisset al., 2000; Aspluncet al., 2004) and for analysis of spatial
and temporal population structure (Laikre at, 2002). The main
disadvantage of mtDNA analysis is that this molecidpresents a
single gene unit where all genes are linked. Amnadytechniques for
MtDNA include indirect methods such as the analg$isestriction
fragment length polymorphism (RFLP), as well ascliranalysis of
MtDNA sequences.

The analysis of nuclear DNA provides some advastayer the
analysis of mtDNA when greater discrimination am@ogulations or
individuals is required, primarily because of nDNAlarger size,
greater variability and recombination. nDNA anadysinclude
minisatellites and microsatellites also known agaide number of
tandem repeats, or VNTRs. Microsatellites are shwoettral (non-
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coding) and highly polymorphic DNA sequences inchkhvariation is
expressed by differences in the number of simpieesece (two to six
base pairs in length) repeats.

Microsatellite markers are widely used for populatigenetic
studies of salmonid fish. Application of them wascaessful in
phylogeography studies of salmonids (Bernatche®l2donteriet
al, 2005; Sais&t al., 2005), in determination of genetic variation in
wild and farmed fish populations (Norgésal., 1999; Koljoneret al.,
2002; Was and Wenne, 2002; Machado-Schiaffetoal., 2007;
Horreo et al., 2008) as well as assessing intrapopulation siityer
fine-scale genetic differentiation and relationstop populations
(Jensenet al., 2005; Campost al., 2007; Sgnstebet al., 2007;
Apostolidis et al., 2008). Microsatellites have been very useful fo
analysis of hierarchical population structure (Dieset al., 2008), in
detection of gene flow (Hansesh al., 2007; Palstrat al., 2007) as
well as in assessment of stocking impact on wilgutations (Hansen
et al., 2000b; Ruzzantet al., 2001; Vaseméagt al., 2005b; Nilssoret
al., 2008) and genetic assignment analysis (Hareal., 2000a;
Rengmarlket al., 2006).

The higher level of allelic variation at microséitelmarkers make
them useful for addressing questions related toetierstructure,
particularly where genetic differentiation may bmited.

The polymerase chain reaction (PCR) enables to iymipNA
sequences up to several million times thereforepritvides the
possibility of nonlethal sampling. Small amounttissue (fin clips or
scales) may be sufficient for analysis and indiglduneed not be
sacrificed for sampling. This can be an importaeatiire when
evaluating genetic change in protected or decligpogulations and
for providing access to DNA of ancient or archivextue samples. It
can provide information about genetic diversity rovextensive
temporal and spatial scales, especially for pofuiatthat no longer
exist. Taken together, these characteristics stiggapability to
monitoring populations that are small, exploitedieclining.
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2.4 Genetic management of salmon and trout populatns

Large parts of the intraspecific variability of tealmon and trout
have been lost due to environmental degradationgbband stocking
(Parish et. al., 1998; Nilsson et al., 2005; Allendorf, 2008). The
remaining parts are threatened. Therefore, theaeneed for increased
conservation efforts on these species. An extenmioportion of the
natural habitat of the salmon and brown trout hasnbaffected by
various activities (pollution, power plant constran, timber floating)
that have altered the natural state of the ecasysBut it is not
enough to consider habitat improvement and to ensiat future
manipulations of remaining unexploited areas awd®d as much as
possible. To enable sustainable use and consemattivatural salmon
and brown trout populations it is essential to mpooate genetic
aspects into the management (Allendetrrfal,. 1987). Furthermore,
because of the species economic value, remainipglg@ions are
threatened by activities such as releases of treat®d or hatchery
bred individuals (Laikreet al., 2010b). These activities are frequently
considered harmless or even beneficial, but magetvastating from a
conservation genetic standpoint (Laikee al., 2010b). Therefore,
genetic management is an important component attegfies that
ensure the conservation and recovery of salmonraatipopulations.

Genetic management deals with the genetic factuas affect
extinction risk and conservation programes requiceaiinimize these
risks. The major issues of genetic management aneecned with
monitoring and conserving gene-level biodiversigsolving spatio-
temporal population structure as well as with genstnsequences of
stocking practices.

2.4.1. Monitoring genetic diversity

It is recognized that genetic diversity is the basif
evolutionary potential of species. The presencgesfetic variation
between populations as well as between individualghin
populations is essential for their potential tovetg and ability to
evolve in response to both short-term and long-termironmental
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changes (Allendorét al., 2008). The two primary measures of genetic
diversity are heterozygosity and allelic diversitillelic diversity
refers to the number of different alleles at anyegi locus in the
population. Heterozygosity is the percentage oétozlygous loci in a
population or individual. Loss of heterozygositynaaduce viability
of population by reducing individual fitness, soist important for
immediate adaptation and loss of allelic diversey affect the ability
of populations to evolve in the future (Rymanal., 1995). The
population viability strongly depends on the effeetpopulation size
which determines the rate of loss of genetic dit)erén each
generation as a result of genetic drift and inbireg(Frankhamet al.,
2002). Smaller populations tend to lose more genedriation than
large, becoming less able to adapt to a changingagment. It is
broadly conceded that an effective population sizat least 500 is
required for long-term viability (Laikret al., 2009). The effects of
small population size are of major concern becaus&l populations
suffer from inbreeding and loss of genetic diversiesulting in
elevated extinction risks. Consequently, one ofa@omobjective of
genetic management is to minimize inbreeding ars$ lof genetic
diversity.

2.4.2 Resolving spatio-temporal population structus

A large proportion of the intraspecific biologiadilversity of
the salmon and brown trout is represented by gerdifferences
between populations. Genetic studies help to iflentliscrete
populations and their interactions. It was realizedt each river
system has at least one genetically distinct pdijonlaStahl, 1987;
Carlsson and Nilsson, 2000; Hansetnal., 2002; Koljonenet al.,
2002; Fraseet al., 2007; Apostolidi®t al., 2008; Ozeroet al., 2010)
Moreover, often there is a high degree of diffdeditn among
populations even at very small geographical sc#tesefore it is
impossible to detect if a particular water systamntains one or more
populations without population genetic studies [€san and Nilsson,
2000; Spidleet al., 2001; Ruzzantet al., 2001). Strong homing of
Atlantic salmon and brown trout results in littlergtic exchange
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between rivers, however occasional straying mokelyli occur
between adjacent rivers. This pattern of gene flmsults in
association between genetic and geographic dist@ncsolation by
distance). Many empirical studies in salmonids haewealed
significant correlation between geographical andegje distances
(Bouza et al., 1999; Carlsson and Nilsson, 2000; Ruzzaattel .,
2001; Campost al., 2007; Palstraet al., 2007). Thus, even though
individuals in each river should be considered a® Geparate
population, genetic diversity in one population ¢sndependent on
other geographically close populations (Vaseméigial., 2005b).
Furthermore, gene flow between local salmon andwbrdrout
populations often are asymmetric and individualsvenpreferably
from large into small populations (Hansenal., 2007). This pattern
of gene flow may be important for maintaining thenetic diversity
and viability of the small populations (Consuegtaal., 2005) and
providing stability to regional population structufPalstraet al.,
2007). Thus, it is clear that genetic monitoring ecdntemporary
connectivity of populations is necessary for conaton.

Whereas one of the fundamental aims of the consenva
genetics is to maintain as much genetic variabilityhin and between
populations as possible, it is necessary to stunty monitor the
amount and distribution of biological diversity ouane. Otherwise it
would be not impossible to detect negative chargelsreductions of
this diversity. Generally wild populations of salmand brown trout
are assumed to be genetically temporally stab&h(31987; Koljonen
et al., 1989; Hansest al., 2002; Verspooet al., 2005; Campost al.,
2007; Palstrat al., 2007; Vahéat al,. 2008). However, some studies
have shown temporal variation that includes sigaiit allele
frequency differences between temporally separssedples (Laikre
et al., 2002; Ostergaaret al., 2003; Jensed al., 2005; Hansest al .,
2009). Several studies where the original wild papon was
compared with hatchery stocked populations, inditatlear loss of
diversity and decrease of allelic richness in hetghstocked
population (Saisa&t al., 2003; Ahoet al., 2006). Therefore genetic
management must include collecting data of gengptpulation
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structure as well as changes of genetic compositien time in order
to identify human mediated loss and change of gedatersity.

2.4.3 ldentifying genetic effects of stocking

Stocking — releasing into the wild fish that wereed in
hatcheries or transferred from other location —vésy common
management practice. It is aimed to enhance thgralgbopulation
and is generally regarded as beneficial. However, studies of the
efficiency of stocking programmes have showed tlganetic
introgression of the stocked fish on wild populasids variable and
unpredictable. In some cases stocking programmesaapo have
been inefficient or introgression is very low (<5%loran et al.,
1991; Martinezet al., 1993; Garcia-Mariret al., 1999b; Antunest
al., 2001; Aurelleet al., 2002; Almodovaret al., 2006). Other
examples of stocking activities have clearly resilin survival and
reproduction of stocked trout, although the lewélgtrogression vary
very broadly: from less than 25% till more than 7Q8postolidis et
al., 1996a, 1997; Berrelat al., 2000; Weisst al., 2001; Jucet al.,
2005).

Harmful genetic effects of releases on native geras and
the need of monitoring of such effects where retzagh several
decades ago (Ryman 1981) and more recent studiexaiphasized
the deleterious effects of farmed fish on genetierdity of wild
populations (Hindaet al., 1991; Moraret al., 2005; Vasemagt al.,
2005; Apostolidiset al., 2008; McGinnityet al., 2009; Hanset al,
2010).

Genetic risks associated with releases of hatctesased fish
can be direct and indirect. Indirect genetic changen result from
ecological impacts that arise through competitioitoduction of
diseases and parasites and increased predati@ke8twout are often
larger than wild, as a result of selection fordagjrowth together with
favorable conditions for growth (such as diet amuhgerature) in the
farm. Because of larger size and more aggressitiaviour that is
typical for domesticated fish, stocked fish can petitively displace
wild fish (Weber and Fausch, 2003). Introduction fafm-reared

26



salmonids can increase predation on wild fish tghotle attraction of
predators (Nickleson, 2003). Introduced diseasdspanasite can also
increase mortality in the wild. Therefore, theselegical impacts can
be the reason of lowered effective population svbéch in turn can
cause the loss of genetic variability within popiglas through
increased genetic drift and inbreeding.

Direct genetic impacts emerge when released fighnanot and
reproduce with the wild fish. Here risks are depandn the type of
stocking. There are recognized two most commonstyjeeleases of
farmed salmonid fishes: 1) releases of geneti@i#liinct (non-local)
populations and 2) releases of local populatioomfivhich captive-
bred individuals are derived (supportive breedifighikre et al.,
2010b). In the case of releases of geneticallyindistpopulations,
genetic variation of wild populations may be losddaunique gene
pools can be destroyed due to strong inflow of gegn@m non-local
population (Moraret al., 2005; Apostolidist al., 2008). In addition
to genetic differences between wild and reared dish to different
origin, they can differ in their co-adapted genenptexes that are
comprised of many genes and are involved in lodaptations. If fish
with different co-adapted gene complexes interbréleelse gene
complexes may be broken down resulting in lossdafpgations, so-
called outbreeding depression (Gharettal., 1999; Muhlfeldet al.,
2009). Releases of genetically distinct populatices also result in a
change of genetic composition of wild populatioav&al studies had
showed that wild local populations can become dgealt similar to
non-native hatchery stocks (Araguetsal., 2004; Vasemagat al.,
2005b).

A particular form of stocking — supportive breedings a type
of breeding-release program where the releaseddéshend directly
from the receiving population (Hansetal., 2000b). A fraction of the
wild parental fish is brought into a hatchery fatifecial reproduction,
and the offspring are released into the naturaitétalvhere they mix
with the wild fish. The aim of supportive breediisgto avoid genetic
problems of supplemental stocking with farm-reacednon-native
brown trout. Although in the case of supportive daieg no
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exogenous genes are introduced to the wild popualait may also
have strong negative genetic effects. Several efulgave shown that
even a short period in a hatchery can result ineduction of
subsequent survival and reproductive success, bedditferential or
relaxed selection in hatchery environment alteralidr, physiology
and genetics of fish (Glovest al., 2004; Sundstronet al., 2004).
Moreover, inadvertent artificial mixing of stocksat inhabit the same
water system but are spatially or temporally repobigely isolated,
can break down the population structure and logaptations, leading
to a loss of productivity and fitness (Stewetral., 2006).

Considering all possible threats, any stockingvigtshould
always be preceded by analysis of potential gemetisequences and
organized with aim to eliminate or minimize the atdge genetic
effects.

2.5 Current status and releases of salmon and browmout in
Lithuanian rivers

There are 12 rivers in Lithuania inhabited by saimo
populations of different abundance. The statushe$e rivers differs.
Leaning on historical data and today’s situati@m®n rivers can be
divided into following groups: 1-inhabited by wildalmon; 2-
inhabited by artificially reared salmon; 3-inhalitey mixed salmon
population; 4-“potential” rivers, i.e. where salmorccurs
occasionally; 5-rivers, where salmon got extincegkinaset al.,
2003). Purely natural salmon population inhabitgnéma River and
its tributary — Mera, Saria. Mixed, i.e. naturadareared populations
are in the rivers Neris, Sventoji, Vilnia, Baltij@ventoji, Dubysa,
Siesartis, Sirvinta, Vak Populations formed of reared salmon inhabit
Virinta, Jira, Minija rivers and some smaller their tributarién the
latter rivers artificially reared salmon juvenilage being released for
several years already (ICES, 2008).

The observed parr densities in Lithuania are veny in
relation to the observed parr densities in mosemtRaltic rivers
(ICES, 2011). There is also remarkable variatiorthia annual parr
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densities, as well as between different rivers. mdamnce of salmon
parr depends on hydrological conditions, spawnirf§iciency,
protection of spawning grounds and migration wag@&g, 2011).

Salmon smolt production in Lithuania is affected by
remaining pollution, the lack of habitats for satmand quite high
mortality rate caused by predators that is sigaifity higher
compared with typical salmon rivers in north BafiCES, 2011).
Total salmon smolt production in Lithuanian rivéns2000-2011 is
presented in Table 1.

Tablel: Total salmon smolt production in Lithuanian rivéms2000-
2011 (Kesminas, 2012)

Year Total smolt
production

2000 6500
2001 5598
2002 4184
2003 1629
2004 5227
2005 7148
2006 5741
2007 13908
2008 32808
2009 35937
2010 47843
2011 6656

Population of sea trout in Lithuania is greaterntihat of
salmon. Sea trout populations inhabit 76 rivers ligdong to 10 major
basins: Neris, Zeimena, Sventoji, Minijaird, Dubysa, Bartuva,
Akmena-Dag, Sy3a, Baltijos Sventoji.

The total annual production of smolts has decreased
dramatically since 1999: from 94 500 to 18 000 s$sniml 2005, while
the potential production was estimated at 323,800Its (Kesminas
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and Kontautas, 2011). However, smolt production sefi trout
increased continually since 2005 and reached 42ir83@D11 (Table
2). The highest densities of natural sea trout Haaen reported in
western Lithuania — in Minija river, furthermore wmdadlance of sea
trout was bigger in small tributaries. (Kesminad &ontautas, 2011).

Table 2: Smolt production of sea trout in Lithuanian rivéms2006-
2011 (Kesminas, 2012)

River/Year| 2006 2007 2008 2009 2010 2011
Neris 5300 6100 1220( 430( 3600 3700
Zeimena 1400 4300 2600 2000 2900 1900
Sventoji 3000 3900 4800 510( 4900 5300
Minija 5200 8200 8200 1250( 820( 21100
Jura 1000 900 900 800 800 2500
Dubysa 400 1100 1100 460( 1100 2900
Bartuva 100 100 100 500 400 1000
Akmena- | 220 800 800 600 800 500
Daré

Syéa 300 500 500 400 500 2500
Baltijos- 160 400 400 200 600 900
Sventoji

Total 17080 | 26300 31600 31000 23900 42300

Salmon and sea trout restocking programme in Littaua
started in 1998. Stocking of salmonids in Lithuanigvers is
presently implemented only for restoring and suppgrweak natural
populations. Whereas in other countries of Balt&a Segion i.e.
Sweden and Finland large scale releases of salm@moceeded to
compensate for the production losses caused by aamtruction
which prohibit natural migration of spawners torgguction areas in
rivers and migration of smolts to feeding areasthia Baltic Sea.
Compared to compensatory releases, supportivesesdeia order to
enhance weak natural populations, constitute ontyireor fraction of
stocking. The total number of released salmon amwk smolts into
the Baltic Sea was about 5.0 millions and about Aillions,
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respectively in 2010 (ICES, 2011). In addition tredt smolt releases
salmon and trout are released as eggs, alevingnfiyparr. The total
number of releases of these younger life stagéset®altic Sea rivers
was 2.6 millions of salmon and 7.8 millions of tran 2010 (ICES,
2011).

Salmon and trout smolt releases in Lithuanian sweas 35
500 and 45 000 smolts respectively in 2010, wheressases of
younger life stages was 140 000 and 95 000 of salarad trout
respectively (ICES, 2011). Total releases of salnamd trout
individuals in Lithuanian rivers in 2005-2011 aresented in Table 3.

Table 3: Total releases of salmon and trout individualgithuanian
rivers in 2005-2011 (ICES, 2011)

Year Salmon Trout

2005 102 000 200 000
2006 30 000 245 000
2007 50 000 185 000
2008 68 000 360 000
2009 108 000 299 000
2010 175 500 140 000
2011 140 200 327 000

Improvement measures in salmon and sea trout rimehsde
releases of artificially reared individuals, coostion of fish ladders,
protection of spawning grounds, improvement of wign ways
(ICES, 2011; Kesminas and Kontautas 2011). Degpi#emeasures
taken, salmon smolt production in Nemunas basimeased very
slowly (ICES, 2011) andlmost all sea trout stocks remain in a poor
state Kesminas and Kontautas 2011). The importance oktgen
studies that help to obtain better understandindjfedrences between
fish populations must be recognized and informatbrpopulation
genetic structure must be incorporated in managemand
conservation practices.
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3. STUDY AREA

The study was based on analysis of 16 populatiérsalononid
fishes that belong to 7 river basins. Samplingeaf sout populations
covered 3 different river basins: Akmena-BanBartuva and
Nemunas, whereas wild salmon samples were taken #eimena
river. The description of study area was based lon gtudy of
GailiuSis et. al., 2001 and Nemunas river basin district management
plan (EPA, 2010).

Nemunas is the longest river in Lithuania. Its ltdéagth is 937
km and the basin area constitutes 97 928 Nemunas flows through
the territories of Belarus, Lithuania and Russiamddtation
(Kaliningrad Region). The Lithuanian part of thesimecovers the area
of 46 626 kM, covering 72% of the territory of Lithuania.

The longest and the largest (by their catchmem) sitbutaries of
the Nemunas in Lithuania are Merkys, Neris, &#s, Dubysa,
Sesup, Jira, and Minija. The names of these rivers are thlsmames
of 7 sub-basins within the Nemunas River basin. @hea of this
study covered the sub-basins of Dubyssa,JMinija and Sy3a.

River Dubysa is a right tributary of the River Nemunas. Itsatot
length is 130.9 km of which 75.5 km accessible daimonids. The
river springs from the Bubiai pond and flows inteetNemunas at
167.5 km from the mouth. The Dubysa basin is narf®vkm width
in its broadest place; its length — about 90 kmgalise the river
bumps into the eastern edge of the Samogitian dplastead of
flowing in the direction of the surface gradientvewds the Central
Lithuanian Lowland and KarSuva Lowland.

Forests occupy 25% of the area of the basin, tghelst forest
concentration is in the upper reaches of the riveere are 40 lakes
larger than 0.005 kihwithin the area; however, their total area is only
5.5 knf, that is, the majority of the lakes are small ke take
percentage is only 0.27%. The area of ponds igtdigan that of the
lakes and totals to about 10 km
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The river network in the Dubysa basin contains Tivérs, of
which 154 rivers are longer than 3 km and onlyributaries are more
than 10 km long. The total length of the riveri439 km, and the
density of the river network is 1.24 km/knThe largest tributaries of
the River Dubysa are rivers Krazar87.4 km), Luke (25.8 km),
Lapi& (21.1 km), KirkSnow (24.7 km) and Nkeé (15.8 km).

Previously, there were 11 dams on the River Dubystthe
majority of them have been torn down. There aremajor cities or
industries in the River Dubysa catchment area. uBoili from
households and industrial wastewater is minimal.

River Jara is a river in western Lithuania and a right trémyt of
the Nemunas. Its total length is 171.8 km. Thengisriof the riverira
are located in Rietavas Plain. In the upper readhdé®ws over the
western slopes of the Samogitian Upland, then tumd<arSuva
Lowland and crosses the moraine ridge of VilkySkiahe very lower
reaches. It flows into the Nemunas at 81 km froenrttouth.

The wood density is about 27%. The lake percentgatremely
low — only 0.04% (there are 20 lakes larger th@®9®.nf, with the
total area 1.75 k. A much larger area, about 16 %ris occupied by
ponds.

The river network consists of 1 674 rivers, of Wwhi834 are
longer than 3 km. The total length of the rivers5i¥24 km. The
largest rivers that belong to the riverra basin are rivers Se3uvis
(114.9 km), Saltuona (73.2 km), Akmena (70.8 knm¢ia (66.4 km),
EZeruona (36.8 km) and Sunija (35.1 km).

River Minija is the right tributary of Atmata, the northern ich

of the Nemunas. It is the eighth river in Lithuaiia length (201.8
km) and flows into the Atmata at 3 km from the niouthe spring of
the river is lake Didovo, situated approximately02km northeast
from the mouth of the Minija River. The major paftthe basin is
situated in the Coastal Lowland, the upper reaohése river — in the
Samogitian Upland. Near the mouth (18.4 km) the ig€da
(Vilhelmo) channel connects Minija River with Klaita harbour.
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The number of lakes is comparatively small (399, @lverage lake
percentage is 0.6%. The basin of the Babrungagjghetributary of
Minija, accounts for the highest lake concentrat{tekes occupy
5.5% of the area of the basin), including Lake éHait (12 knf). The
wood density is about 32%.

The network of the rivers in the Minija basin catsiof 1 359
rivers, of which 269 are longer than 3 km and najsthem are less
than 30 km length. The total density of the rivatwork is 1.53
km/kn?, the length of the river beds — 4 508 km. The datg
tributaries of the river Minija are rivers Tener(Jeft tributary, length
— 71,9 km), Veivirzas (left tributary, length — 87m), Alantas (left
tributary, lenght — 42,9 km), Babrungas (right wtdry, lenght — 47,3
km), Salantas (right tributary, lenght 42,1 km). eTlexceptional
feature of Minija River basin is the differencelehgth of right and
left tributaries. Majority of the right tributariesf Minija are short,
while the left ones are long, therefore the Mifigsin is asymmetric.
This asymmetry is caused by relief, which was fanaring the
glacier period in Western Lithuania and by latestgtacial processes.

Agriculture has been prevailing in the rest of filver basin till the
middle of 1990s. Since 1995 use of land for agniral purposes has
been decreasing. Currently approximately 53% ofl la used for
agricultural purposes. The biggest urban areasimjdRiver basin
are Plunge, Gargzdai and Salantai. There are nortang industrial
branches developed in the Minija River basin, ekodpexploration.
There are three power stations in Minija River basi

River Sy3ais a river in western Lithuania, a right tributarfythe
Nemunas. Its total length is 61 km. The springthefriver dira are in
the neighborhoods of Vainutas. River Sy3a flowmithe Atmata, the
northern branch of the Nemunas, at 10 km from tlhatm Samples
for this study were taken from the right ributafyriver — Sustis (42
km).
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River Akmena-Dané flows out of the Coastal Lowland and
enters the Baltic Sea via Klaia Strait. From the springs to the town
of Kretinga, the river is called Akmena, and furtheDare.

The wood density in the Akmena-Dabasin is 27% of the area.
The river network consists of 60 rivers, half ofithare shorter than 5
km and only 3 are longer than 20 km (Akmena-Bar62.5 km, Eket
—23.1 km, TenZ— 20.7km). The total length of the rivers is 463. k

River Bartuva is a river in western Lithuania and Latvia. Itsato
length is 103 km. River Bartuva begins in the Péudistrict, 3 km to
the north of Lake Plateliai. Bartuva flows throughe Coastal
Lowland, crosses the Lithuanian—Latvian borderhat Ap& mouth
and after 46 km enters lagoon Lake Liepaja, whichannected with
the Baltic Sea. In the upper courses Bartuva vadleeep and narrow,
while in lower courses it becomes much wider.

The wood density of the basin is 3.2%, and the fwentage is
only 0.2%. There are 5 small lakes. The river netwo the Bartuva
Basin is comprised of 44 rivers longer than 3 krd 444 ones which
are shorter than 3 km. The total length of thereve 555.8 km. The
longest and largest tributaries of the Bartuva eding to their
catchment areas in Lithuania are the riverséAg® km), Luoba (52.2
km) and Erla (28 km). Samples for this study weteet from two
tributaries of river Luoba — Pragulba (12.8 km) &hdntinas (12.3
km).

River Zeimena is a salmon and sea trout river flowing to the
River Neris and its total length is 79.6 km. Thenfal source of the
Zeimena is Lake Zeimenys. The river flows over sa@dy plain of
Zeimena and the upper reaches of its tributariegndfoots of
Auk3tagiai Upland and Svetfionys Upland. The Zeimena basin is
notable for a particularly high number of lakeserth are 479 lakes
with an area larger than 0.005 km2, their totahas180 km2 (the
lake percentage is 6.4 Meanwhile the density ofriber network is
rather low — only 0.67 km/km
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The river network consists of 524 rivers, of whibb4 ones are
longer than 3 km and 22 are more than 10 km intlerimut the main
tributaries are rivers Mera (60 km), Lakaja (29 k®daria (28 km) and
PerSoksna (26 km). The total length of the rivarghe basin is 1 882
km.

The Zeimena basin makes up 11% of the area of #ris Basin,
it accounts for about 25% of the annual flow.

There are no natural or man-made migration obstaclehe river.
The river Zeimena is one of the cleanest rivergitifuania. This is
due to the affluent formation of groundwater andektively small
anthropogenic impact. According to all the mainevatuality criteria
the water in Zeimena is very clean.
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4. MATERIAL AND METHODS

4.1 Fish samples

Wild Baltic salmon were sampled by electrofishimgnii the
river Zeimena. The River Zeimena is one of the ieing Lithuania’s
rivers in which natural salmon populations live aeghroduce. The
salmon stock of the river Zeimena is purely wildcsi there has been
no stocking at all. Farmed salmon samples werentdkem the
MeSkeryne hatchery in 1999, 2000 and 2002 (TahldH¢ breeders
for hatchery population of 1999 were taken from @aua river, so the
origin of this populations is not local.

Samples of sea trout were caught by electrofisifiiagn 10
wild and five enhanced populations of three rivasibs in Lithuania:
Akmena-Dag, Bartuva and Nemunas (Fig. 1). Within Nemunas
basin, we studied sea trout populations from rivetbysa, dra,
Minija and Sy3a. These rivers are the main sed tivers with largest
densities of natural sea trout in Lithuania (Kesmsin2012). For the
following populations temporally replicated samplesre obtained:
Bonak (ADB), Pragulba (BP), Dratvinys (NDD), LapiSe (NB),
Upiniké (NJU), BlendZiava (NMB) and MiSupis (NMM). All sgied
populations consisted of the individuals of O+ ag@ss. Detailed
information about samples is provided in Table 4.
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Table 4 Information about analyzed salmon and sea trannpges

Sampling location (river Abbreviation| Status of| Year of sampling Sample

basin/tributary/sub-tributary) sample size

Atlantic salmon

1. Nemunas/Neris/Zeimena NNZ wild 2000 30

2. Hatchery Hat-99/00/02|  hatchery 1999/2000/2002 /3®B0O
Total 140

Sea trout

1. | Akmena-Da& Bonak ADB-03/07 wild 2003/2007 10/29

2. | Akmena-Da& Eket ADE wild 2004 12

3. | Akmena-Daa ADF enhanced| 2005 30

4. Bartuva / Guntinas BG wild 2004 10

5. Bartuva / Pragulba BP-04/07 wild 2004/2007 91/2

6. Nemunas / Dubysa/Lukn NDL wild 2003 17

7. Nemunas / Dubysa/Dratvinys NDD-04/07 enhanged 04207 33/30

8. Nemunas / Dubysa/Lapis NDLa-06/07 enhanced 2006/2007 30/31

9. Nemunas f{ira /Upynike NJU-04/06 wild 2004/2006 27126

10. | Nemunasfita/EZeruona NJE wild 2004 17

11. | Nemunastita/Sunija NJS enhanced 2004 30

12. | Nemunas /Minija/BlendZiava NMB-04/05 wild 2@pa05 28/30

13. | Nemunas/Minija/MiSupis NMM-05/07| wild 2005/2007 29/21

14. | Nemunas/Minija/$Bis NMTS enhanced| 2005 30

15. | Nemunas/Sy3a/Sustis NSS wild 2004 37
Total 557
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Fig. 1: The origin of analyzed sea trout samples
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4.2 DNA isolation and genetic analysis

Genomic DNA was isolated from fin clips or musdiestie
according to the simplified method of Lakrtal. (1991).

A total of 5 salmon microsatellite loctda 197, SSOS.417,
Ssa202, SS09.85 and Ssal7l) as well as 7 sea trout microsatellite
loci (Sr60, SSO9.311, Sr15, SSOS.483, Ssal97, Ssa85 and
SS09.417) were analyzed according to protocols outlined in
Samuilovieneet al. (2009). Briefly, PCR reactions were composed of
ca 10 ng DNA, 1x PCR buffer, 1.5 mM Mg¢D.1uM dNTPs, 0.2-
0.3 uM of each primer and 0.2 U dfag DNA polymerase (MBI-
Fermentas), in a total volume of &D The forward primers were end-
labeled with the fluorescent dye Cy5. For cyclinbe following
thermal profile was used: initial denaturation 4t°€ for 3 min, 35
cycles of 40 sec at 94 °C, 40 sec at 57 °C, 1 mirka’C and final
extension at 72 °C for 10 min.

The length of the microsatellite alleles was deteet by
ALFexpress Il DNA analyzer and AlleleLinks v. 1.0sbftware
(Amersham Pharmacia Biotech). A reference samplié Wnown
genotype was included on each gel and internal gedards were
included in each lane to ensure consistent scafiggnotypes across
all gels.

4.3 Statistical analysis

For data analysis, FSTAT v. 2.9.3.2 program pack&pridet
2002) was used for calculating allele frequencied pair-wiseFst
values, for estimating the expected and observeztdmygositiesHE,
Ho) and the allelic richnesA§), and for testing the significance of
differences in average values A&, H: andHo among the groups of
populations (1000 permutations, two-side testshefriull hypothesis
of no difference). GENEPOP v. 3.3 (Raymond and Reu4995a)
was used to test genotypic distributions for comfmnce to Hardy-
Weinberg (HW) expectations and for deficiency orcess of
heterozygosity, to test the loci for genotypic digébria, and for
estimating the significance of allelic differeniiat between
population pairs. All probability tests were basedthe Markov chain
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method (Guo and Thompson 1992; Raymond and Roli88&b) by
using 1000 de-memorization steps, 100 batches 800 lterations
per batch. The sequential Bonferroni adjustmenise(R989) were
applied to correct for the effect of multiple tests

The significance of the differences in pairwisgr and Dy
values observed between temporal replicates antalsgamples
within years was assessed by performing nonparaméfann-
Whitney U-test in software package STATISTICA 7agal patterns
of differentiation among the populations were tédte their fit to the
isolation-by-distance model (Rousset 1997). Theiag@nce of the fit
was estimated by the Mantel test of the ISOLDE maoygin the
GENEPOP 3.3 software package (Raymond and Rou88Ba} using
10 000 bootstraps. The populations were tested fdsorecent
reduction of their effective population size byngsiWilcoxon sign-
rank test as implemented in the BOTTLENECK compyergram,
assuming the two-phase model of mutation (with 5%ltirstep
changes and variance of 12) for microsatellite (Baiy et al., 1999).

Contemporary migration rates were estimated using a
Bayesian method, implemented in BAYESASS 1.3 (Wilsand
Rannala, 2003). Analyses were run for 3 000 OO@atitns and
sampled every 2000 iterations, with a burn-in @&f0D 000 iterations.
The delta values of 0.10, 0.10 and 0.25 for afielguency, migration
rate and the level of inbreeding, respectively wered.

Analysis of molecular variance (AMOVA) incorporated
ARLEQUIN v. 2.00 (Schneider et al. 2000) was usedpartition
genetic variance hierarchically between river dages, between
populations within river drainages and among irdirals within the
populations. In order to assess the temporal copmonf genetic
diversity, we defined three hierarchical levelse tfirst level was
associated with variation among sampled populati@engraphic
component), second level was associated with vamiabetween
temporal samples within populations (temporal congm), and the
third level was associated with variation amongiviaials within
populations. This analysis was performed on thesasulof 7
populations for which temporal replicates were k¢ (Table 4).
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Genetic distances between the populations weiaaisd by
the D, distance of Neiet al. (1983) and a population tree was
constructed with the neighbor joining (NJ) algamtlusing DISPAN
software (Ota 1993). Bootstrapping 1000 times doer assessed the
strength of the support for each node in the tree.
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5. RESULTS
5.1 Sea trout

5.1.1 Hardy-Weinberg equilibrium and genotypic linkage
disequilibrium

Exact Hardy-Weinberg tests showed significant dina
from Hardy-Weinberg equilibrium in 16 out of 161ste at 5%
significance level. Two of them remained significafter Bonferroni
adjustments, all of them involve different locuddifferent population
(locus SSOSL311 in NDD-04 and locus Ssal97 in NDDp{Table
6).

Linkage disequilibrium was not significant for nhagudied
samples and only one to three pairs of loci out2df tests per
population were in linkage disequilibrium in popidas ADB-07,
NDD-04, NDD-07, NMB-04, NMB-05, NJS and NSS aftempéying
Bonferroni correction for multiple tests. Signifita linkage
disequilibrium between loci in these populations ba most probably
explained by sampling the siblings (Ohta 1982).

5.1.2 Genetic diversity in wild and enhanced sea dut
populations

5.1.2.1 Within locus variability

Within locus genetic diversity was moderate to higthh
observed heterozygosities ranging from 0.509 (SSK38)-to 0.899
(SSOSL311) over all samples (Table 5). Individuadi lvaried in
observed heterozygosity among populations, randiogn 0.300
(SSOSL438 in BG04) to 1.000 (SSOSL311 and SSOSL#17
ADBO7; SSOSL311 and SSOSL417 in NDLO4; SSOSL31B@G04
and Ssal97 in NMBO04) (Table 6). Expected heterozijigs ranged
from 0.491 (SSOSL438) to 0.870 (SSOSL311) ovesathples (table
5) and from 0.249 (SSOSL438 in NMMO05) to 0.911 (S8&311 in
NJE) for individual loci among populations (Tablg & total, 67
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alleles were observed at the 7 microsatellite Ewalysed, ranging
from 4 (Str60) to 20 (SSOSL311). Averaged numberabéles
population varied from 2.77 (Str60) 16.36
(SSOSL311) (Table 5).

detected per

Table 5: Locus by locus statistics (Aver.A — average nundjelleles
per locus; Aver.ld — average expected heterozygosity; AverH
average observed heterozygosity; SD — standarctitmvj

Number of alleles per locus

Locus Aver.A SD Aver.H: SD Aver.Hy | SD
Str60 2.772 0.612 0.529 0.078 0.545 0.1P1
SSOSL311 | 10.364 | 2.216 0.870 0.024 0.899 0.0[70
Strl5 4.045 0.722 0.643 0.118 0.678 0.134
SS0OSL438 3.455 1.057 0.491 0.111 0.509 0.149
Ssal97 6.091 1.019 0.711 0.100 0.738 0.1p7
Ssa85 4.318 0.716 0.677 0.064 0.6771 0.085
SS0OSL417 7.227 1.572 0.788 0.065 0.803 0.111
1,00
nae %SSOSLBl]
080 s T . isosuln
R R s
;; 0,50
= 5505L438
L 040
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Figure 2: Relationship between the number of alleles peudoand

heterozygosity (averages+SD).
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Three analysed loci SSOSL311, SSOSL417 and Ssal97
revealed higer level of genetic diversity than 5{r&sa85, SSOSL438
and Str60. Also it was evident that loci with higladlelic diversity,
exhibited higer level of heterosygosity, the onkeption was locus
SSOSL438, that has lowest genetic diversity in serrof
heterozygosity but not in terms of allele divergfyg. 2).

5.1.2.2 Genetic diversity within populations

Genetic diversity within Lithuanian sea trout pagidns was
assessed by heterozygosity and allelic diversitifelid diversity
refers to the number of different alleles at anyegi locus in the
population. Heterozygosity is the percentage oétoztygous loci in a
population.

The total number of alleles over seven loci ranigech 25 in
the Guntinas population of the Bartuva river bg#is) to 45 in the
Lapi& population from 2006 that belongs to the Dubysarrof the
Nemunas river basin (NDLa-06). As the number ofelei is
dependent on the sample size it is more appropgnatbaracterize the
populations based on the corrected parameter]léie achness Ag),
which across all populations had a mean value 48 @nd within
populations ranged from 3.53 in Guntinas populatidnthe river
Bartuva (BG) to 5.04 Dratvinys population from 204t belongs to
the Dubysa river (NDD-04) (Table 6).

Average observed heterozygosity across all popustivas
0.693 and within populations varied from 0.584 B02 sample of
Bonak population of the Akmena-Danriver basin (ADB-04) to
0.797 in Lukr population of the Dubysa river (NDL). Expected gen
diversity across all populations was 0.673 and iwithopulations
varied from 0.600 in the Ekepopulation of the Akmena-Darriver
basin (ADE) to 0.745 in Dratvinys population frofd(2 that belongs
to the Dubysa river (NDD-04) (Table 6).
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Table6: Micosatellite diversity indices for sea trout p&gions from Lithuanian rivers. Figures
provided are number of alleled)( allelic richness(Ag), expected Hg) and observed Hp)

heterozygosity and P-value for deviation from exedc Hardy-Weinberg proportionsP;
significant deviations indicated in bold).

Basin/Population | Str60 SSOSL311| strl5 SSOSL438 Ssal97? Ssa85, SSOSL417 lodil
Akmena-Dané
Bonak 2003
A 2 9 4 5 5 3 6 4.86
Ar 2 8.542 3.993 4.4 4.568 2.996 5.733 4.605
He 0.442 0.908 0.742 0.558 0.616 0.616 0.811 0.670
Ho 0.400 0.889 0.700 0.500 0.500 0.500 0.600 0.584
Paw 1.0000 0.4180 0.7340 0.8044 0.3905] 0.3198 0.1694| .7240
Bonak 2007
A 2 11 5 6 7 4 9 6.29
Ar 1.999 8.184 4.344 3.631 4.819 3.238 5.83 4.578
He 0.422 0.899 0.726 0.474 0.626 0.574 0.816 0.648
Ho 0.448 1.000 0.621 0.586 0.759 0.655 1.000 0.724
Paw 1.0000 0.5276 0.2742 0.8535 0.4349 0.8444 0.4943| .9093
Eket
A 2 7 4 3 6 3 5 4.29
Ar 2 6.667 3.538 2.639 5.503 2.667 4.89 3.986
He 0.526 0.863 0.431 0.301 0.754 0.518 0.808 0.600
Ho 0.800 0.778 0.417 0.333 0.667 0.667 0.833 0.642
Paw 0.1998 0.0101 0.5606 1.0000 0.0931] 0.2914 0.2631] .0533
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Str60 SSOSL311| strl5 SSOSL438 Ssal97 Ssa85 SSOSL417 lodil
Upper reaches
A 3 12 5 3 7 8 6.14
Ar 2.859 7.206 4.102 2.266 5.834 4.377 6.246 4.699
He 0.581 0.862 0.723 0.484 0.821 0.677 0.844 0.713
Ho 0.533 0.867 0.929 0.500 0.833 0.700 0.852 0.745
Prw 0.0191 0.9834 0.0980 0.5198 0.2121 0.6752 0.7325| .187a
Bartuva
Guntinas
A 2 6 4 3 3 3 3.57
Ar 2 5.778 3.993 2.996 2.968 4 3 3.534
He 0.505 0.837 0.699 0.647 0.611 0.642 0.626 0.652,
Ho 0.800 1.000 0.778 0.300 0.800 0.625 0.700 0.715
Prw 0.1731 0.9568 0.7789 0.0524 0.3307 0.1497 0.1998| .1566
Pragulba 2004
A 2 9 4 4 5 5 4.71
Ar 2 6.435 3.627 3.219 4.151 3.842 3.777 3.864
He 0.508 0.838 0.668 0.422 0.645 0.700 0.639 0.631]
Ho 0.429 0.947 0.800 0.350 0.650 0.810 0.714 0.671
Prw 0.6605 0.3162 0.1292 0.4116 0.1673 0.3071 0.7219] .3390
Pragulba 2007
A 2 13 4 4 5 10 6.00
Ar 2 8.038 3.806 3.773 3.657 3.997 6.07 4.477
He 0.508 0.873 0.716 0.676 0.479 0.766 0.794 0.688
Ho 0.679 0.793 0.724 0.536 0.448 0.636 0.759 0.654
Prw 0.1268 0.1182 0.9726 0.2668 0.0966 0.6059 0.0818| .0836
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Str60 SSOSL311| Strl5 SSOSL438  Ssal97 Ssa85 SSOSLA4171 lodil
Nemunas/Dubysa
Lukn¢é
A 3 10 5 2 7 5 7 5.57
Ar 2.727 7.606 4.328 2 5.644 4.38 6.328 4.716
He 0.569 0.867 0.738 0.508 0.790 0.726 0.845 0.720
Ho 0.647 1.000 0.706 0.647 0.765 0.813 1.000 0.797
Paw 0.2928 0.9698 0.6041 0.3428 0.3188| 0.016B8 0.9939| .3016
Dratvinys 2004
A 3 12 5 4 6 4 9 6.14
Ar 2.872 7.725 4.814 3.396 5.037 3.935 7.467 5.035
He 0.589 0.870 0.784 0.612 0.773 0.733 0.881 0.749
Ho 0.606 0.879 0.774 0.758 0.719 0.667 0.935 0.763
Prw 0.1049 | 0.0030 0.0154 0.5528 0.3404 0.4377 0.3421 0.0044
Dratvinys 2007
A 3 10 4 5 6 3 7 5.43
Ar 2.465 6.979 3.76 3.222 4.798 2.968 6.184 4.339
He 0.505 0.869 0.632 0.437 0.753 0.611 0.831 0.663
Ho 0.633 0.931 0.724 0.500 0.767 0.600 0.833 0.713
Paw 0.2744 0.0349 0.6471 0.8004 | 0.0014 0.5732 0.5301 0.0246
Lapi& 2006
A 3 15 5 4 6 4 8 6.43
Ar 2.951 8.292 4.663 3.335 4.803 3.916 5.734 4.813
He 0.595 0.879 0.776 0.606 0.700 0.725 0.810 0.727
Ho 0.567 0.833 0.767 0.667 0.633 0.633 0.833 0.705
Paw 0.5267 0.0433 0.0985 0.6732 0.3058| 0.7821L 0.9006| .3099
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Str60 SSOSL311| Strl5 SSOSL438 Ssal97 Ssa85 SSOSL417 lodil
Lapi& 2007
A 4 12 4 4 7 5 6.29
Ar 3.241 8.141 3.967 3.1 5.782 4.336 5.787 4.908
He 0.609 0.879 0.751 0.524 0.798 0.751 0.795 0.730
Ho 0.484 0.786 0.742 0.484 0.839 0.742 0.871 0.707
Paw 0.3040 0.2602 0.7209 0.7731 0.9906 0.6226 0.0555| .5270
Nemunas/Jdira
Upyniké 2004
A 3 12 4 3 7 5 5.86
Ar 2.924 7.943 3.881 2.293 4.801 4.314 5.832 4,570
He 0.539 0.880 0.713 0.419 0.680 0.703 0.817 0.679
Ho 0.444 0.960 0.741 0.333 0.741 0.704 0.852 0.682
Paw 0.4432 0.4349 0.9697 0.4981 0.2911 0.6590 0.7662| .8556
Upynike 2006
A 3 11 4 2 6 5 5.71
Ar 2.959 7.92 3.663 2 4,223 3.938 5.891 4.371
He 0.594 0.883 0.671 0.449 0.544 0.642 0.687 0.639
Ho 0.615 0.923 0.846 0.577 0.680 0.692 0.615 0.707
Paw 1.0000 0.1319 0.2128 0.1956 0.8953 0.439% 0.0391| .174@
EZeruona
A 3 11 4 4 6 5 5.86
Ar 2.727 8.675 3.449 3.655 4.979 4.332 7.145 4,995
He 0.563 0.911 0.623 0.576 0.604 0.749 0.874 0.700
Ho 0.412 0.938 0.625 0.706 0.647 0.882 0.923 0.733
Paw 0.5335 0.9822 0.3498 0.9265 0.5056 0.1539 0.9758| .8460
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Str60 SSOSL311| Strl5 SSOSL438 Ssal97 Ssa85 SSOSL417! logil
Sunija
A 3 9 4 3 7 5.43
Ar 2.893 7.407 3.275 2.952 5.782 3.45 5.334 4.442
He 0.586 0.883 0.658 0.540 0.830 0.676 0.794 0.710
Ho 0.593 0.867 0.571 0.633 0.900 0.733 0.852 0.736)
Prw 0.1326 0.1694 0.4904 0.6149 0.7313 0.0282 0.0640| .0568
Nemunas/Minija
BlendZiava 2004
A 2 10 4 2 5 4.86
Ar 1.998 7.08 3.417 2 4.579 3.938 5.509 4.074
He 0.409 0.850 0.467 0.456 0.771 0.742 0.808 0.643
Ho 0.481 0.875 0.536 0.536 1.000 0.679 0.679 0.684
Prw 0.6298 0.2358 1.0000 0.4249 0.1542 0.010¢ 0.0128| .0190
BlendZiava 2005
A 3 8 4 2 6 5.00
Ar 2.244 5.982 3.288 2 4.789 3.772 5.91 3.997
He 0.332 0.818 0.535 0.503 0.730 0.666 0.764 0.621
Ho 0.400 0.933 0.621 0.700 0.690 0.733 0.800 0.697|
Prw 0.6336 0.5332 0.5998 0.0611 0.8457 0.975¢ 0.4051| .6858
MiSupis 2005
A 3 10 3 3 7 5.43
Ar 2.767 7.492 2.867 2.35 5.877 3.748 5.404 4.358
He 0.570 0.873 0.525 0.249 0.795 0.626 0.763 0.629
Ho 0.444 0.786 0.621 0.207 0.741 0.586 0.741 0.589
Prw 0.4156 0.3280 0.7288 0.0410 0.4246 0.3488 0.1981| .2038
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Str60 SSOSL311| Strl5 SSOSL438 Ssal97 Ssa85 SSOSL417 logil
MiSupis 2007
A 3 8 3 3 6 5.00
Ar 2.421 6.259 2.976 2.337 4.9 4.389 5.372 4.093
He 0.522 0.832 0.640 0.292 0.667 0.733 0.760 0.635
Ho 0.421 0.950 0.762 0.333 0.714 0.714 0.762 0.665
Paw 0.6305 0.4157 0.4616 1.0000 0.1315 0.6582 0.2377| .6070
Siasis
A 4 9 2 3 7 5.29
Ar 3.324 7.678 1.998 2.465 6.103 3.632 5.72 4.417
He 0.619 0.891 0.399 0.495 0.837 0.628 0.795 0.666
Ho 0.533 0.897 0.393 0.467 0.900 0.467 0.833 0.641
Paw 0.7448 0.7194 1.0000 0.7241 0.3316 0.0344 0.4512| .5716
Nemunas/Sysa
Sustis
A 3 14 4 4 7 6.143
Ar 2.832 7.912 3.215 3.411 5.774 3.597 5.071 4.545
He 0.548 0.873 0.535 0.580 0.813 0.690 0.775 0.688|
Ho 0.622 0.939 0.514 0.541 0.853 0.649 0.676 0.685
Paw 0.7485 0.3938 0.935 0.2199 0.9063 0.9834 0.0404| 5860.
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The Wilcoxon'’s sign-rank test detected significartess of
heterozygosity in all populations of the Nemunasimain the
Guntinas and Pragulba-2007 populations of the Bartoasin, and
also in the enhanced population of Akmena-®Hare. theHg values
were significantly larger than the heterozygositpected at mutation
drift equilibrium (p<0.05), indicating that manythuanian sea trout
populations have recently experienced severe redudh their
effective population size.

5.1.2.3 Genetic diversity among populations

For comparison of genetic diversity between diffieraver
basins, populations from the same river basin weoeped together.
We compared allelic richnesér] and expected as well as observed
heterozygositiesHg andHo).

At first we compared three major river basins: Akra-Dag,
Bartuva and Nemunas and found no significant défiees neither in
average allelic richness nor in average heteroiijges(p>0.05).
Further we compared the level of genetic diversigtween major
tributaries of the Nemunas river: Dubysara] Minija and Sy3a. Here
we detected that populations from Dubysa river lsasin exhibited
higher level of average allelic richness as well agerage
heterozygosity than populations from Minija riveibsbasin (p<0.05).

At the same time the averaged diversity indices ewer
compared with smolt production of analyzed riverBalfe 2,
Kesminas, 2012). It became clear that even if aealyrivers differ
strongly in their smolt production, the level ofngéic diversity in
these rivers is generally the same (Fig. 3).

Comparison of wild and enhanced populations ad ael
comparison of temporal samples revealed that theeze no
significant differences in genetic diversity betwethe wild and
enhanced populationg>0.05). Similarly, no significant differences
were observed in average allelic richness and demgsity between
temporal samples of the same population (p>0.05).

52



35000 7

30000 (5]
E 2z
.= 25000 5 b
- 4 B c o
=y ~
é 20000 a4 S g
o = N
S 15000 36509
= = o
o D -
— 10000 2=
[=% T
S 5000 1
“ 0 0

Akmena-Dane Bartuva Nemunas
mSmolt procduction DAllelic richeness BHeterozygosity

@)

25000 7
I | |
; 200C0
o
= s o2
. QO n
(o P c o
S 15000 L4295
= 23
= =
L o
3 10000 —— 3o
o 52
2 °5E
E 5000 —— |
> ., W M il
Dubysa Jira Mirnija Sysa
mSmolt production CAllelic richeness BHeterozygosity

(b)

Figure 3: Comparison of the average diversity indices anmwbls
production of analyzed river basins (a) and sulidsasf Nemunas (b)

5.1.2.4 Allele frequencies
Range of allele lengths in each locus are givethénTable 7.

Allele frequencies of each population at each loges presented in
Table 8.
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Table 7. Range of allele lengths in each locus

Locus Range of allele lengths (bps)
Str60 95 - 105

SSOSL311 121 - 169

Str15 214 — 230

SSOSL438 95 - 113

Ssal97 126 — 162

Ssa85 106 — 120

SSOSL417 171 -197

Populations of the river Bartuva basin shared alrties same
number of alleles over all loci with populationsrisfer Akmena-Daa
basin and with populations of river Nemunas badh dlleles (70%)
and 45 alleles (70%), respectively). Whereas al total4 and 4
private alleles were observed in the Akmena®amd Bartuva
populations, respectively and 2 and 18 privateleslevere found in
the Bartuva and Nemunas populations, respectiélg.proportion of
shared alleles between populations of AkmenaéDaasin and
Nemunas river basin was 76%, but considering orilgd sea trout
populations, it became lower (72%) and comparalile @ther values
of between basin comparisons.

Within the Nemunas river the highest proportionatitles
over all loci shared populations from Dubysa aiirdh {82%), whereas
the most divergent population that shared the |@asportion of
alleles with other populations was population fr@y8a river sub-
basin: the proportion of shared alleles was 73%p &hd 76% with
populations of Dubysa, Minija andrd, respectively.

Considering all populations separately, a total6oprivate
alleles were found in 5 populations and most offritig out of 6) were
observed in populations that belong to the Nemunzesén: EZeruona
population and Sunija population ofird river sub-basin (NJE and
NJS) had 2 and 1 private alleles, respectively dmatvinys
population (NDD-07) and LapiSpopulation (NDLa-06) of Dubysa
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river sub-basin had one private allele each. Ordingle private allele
was found in the Akmena-Darbasin (ADB-07) while there were no
private alleles in the Bartuva basin. The frequeofcgrivate alleles in
the populations of Nemunas basin did not exceefl, Wbereas the
frequency of the private allele in Akmena-Bdasin was 0.07.

There was at least one very rear allele in eachsl@across all
populations. Two loci exhibited high proportionrafe alleles: in the
locus SSOSL438, three out of seven loci (43% adf vere very rare
(frequency ranged from 0.02 to 0.05); similarly, the locus
SSOSL417, four out of thirteen loci (31% of lociene very rare
(frequency ranged from 0.02 to 0.07). The majodftyrare alleles
were attributable to wild sea trout populationsybeer five very rare
alleles were found only in enhanced populations.

We also found several very frequent alleles thequency in
some populations exceeded 0.70. For example, ¢dogdncy of allele
134 of locus Ssal97 was 0.71 in BP-07 populatiahtha frequency
of allele 99 of locus Str60 was 0.80 in NMB-05 plgpon. Similarly,
there were several alleles that were very freqireat particular river
basin: the average frequency of allele 103 of |086©SL417 was
0.71 in populations of Akmena-Daiasin and in wild populations of
Minija river sub-basin. Also the average frequenfyallele 114 of
locus Ssa85 and allele 222 of locus Strl5 was @33 0.63 in
populations of Akmena-Da&nriver basin and populations of Minija
river sub-basin, respectively.

We found five alleles that are characteristic orfly
populations of Nemunas river basin but were foundenhanced
populations of Akmena-Darbasin.
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Table 8 Allele frequencies of each Lithuanian sea trayydation at each locus

Locus | Populations

Ssal97| ADB0O3 | ADBO7 | ADEO4 | ADF0Y BG04 | BP04 | BPO7 | NDL04 NDD04 | NDDO7 | NDLa06
126 1,72 4,17
130 | 20,00 13,79 4583 28,33 50,00 15/00 13,79 5,820,31 10,00 11,67
134 | 60,00 58,62 1250 18,33 40,00 55,00 70Q,69 20,529,69 33,33 48,33
138 | 10,00 12,07 21,67 7,50 35,29 7,81 6,67 3,83
142 16,67 3,33 1,72 5,88 31,25 33,33 23,83
146 13,33 20,00 8,62 23,53 4,69 1,67 6,87
150 3,45 5,00/ 10,00 5,17 5,88
154 | 5,00 6,90 10,00 2,50 2,94 6,25 15,00 6,67
158 3,45 12,50
162 | 5,00 8,33

Ssa85 | ADB0O3 | ADBO7 | ADE0O4 | ADF0Y BG04 | BP04 | BPO7 | NDL04 NDD04 | NDDO7 | NDLa06
106 1,72 10,00 1250 952 22,3 9,38 15,15 13,33
112 | 30,00 18,97 4,17 25,00 56,25 16/67 18,18 43,781,21 40,00 21,67
114 | 55,00 60,34 62,50 50,0 2500 42{86 24,73 21,887,88 10,00 40,00
116 | 15,00 18,97 33,33 8,38 6,25 3095 36,36 21,885762| 50,00 25,00
118 6,67 3,13
120
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Strl5 ADB03 | ADBO7 | ADEO4 | ADFO5 | BGO4| BP04| BP0O7] NDLO4 NDp4 | NDDO7 | NDLa06
214 6,90
220| 15,00 517 12,50 8,93 22,22 500 8,62 8,82 417,7 15,52 31,67
222| 30,00 39,66 75,00 3929 11,11 17/50 22,41 29,4B3,87 55,17 26,67
224 | 40,00 29,31 8,33 28,57 16,67 4750 32,76 38,246,13 20,69 18,33
226| 15,00 18,97 4,17 21,43 50,00 30j00 36,21 20,520,97 8,62 16,67
228 1,79 2,94 11,29 6,67
230
SSOSL438 ADBO3 | ADBO7 | ADEO4 | ADFO5 | BG04 | BP04| BPO7/ NDLO4 NDDO4 N7 | NDLaO6
95| 5,00 5,17
103| 65,00 70,69 83,33 63,38 40,00 12|50 30,36 55,881,52 73,33 50,00
105| 5,00 1,72 4,17 1,67 250 8,93 9,09 6,67 5,(
107| 5,00 3,45 15,00 10,00 14,29 4,55 1,67 6.4
109 1,72
111] 20,00 17,24 12,50 35,00 45,00 75/00 46,43 44,134,85 16,67 38,33
113 1,67
Str60 ADBO3 | ADBO7 | ADEO4 | ADFO5 | BGO4| BP0O4| BP0O7| NDLO4 NDD4 | NDDO7 | NDLa0O6
95| 70,00 70,69 50,00 36,67 40,00 54)76 51,79 50,037,88 61,67 30,00
97
99| 30,00 29,31 50,00 53,33 60,00 45]24 48,21 44,15%1,52 35,00 55,00
105 10,00 5,88 10,61 3,33 15,0
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SSOSL31]1 ADBO3 | ADBO7 | ADEO4 ADF05 | BG0O4 | BP04 | BPO7| NDLO4| NDDO4| NDDO7| NDLaOp
121 1,67 1,52 13,79 6,67
125 1,67 22,22 13,16| 25,86 3,33
129| 16,67 13,79 556 26,32 12,07 6,67 1,52 1,72 671
131 11,11 15,52 15,0( 2105 1,92 10,00 9,09 17,248,33
133| 5,56 10,34| 22,22 1,67 3,45 12,12 18,97 1,67
135| 16,67 8,62 8,33 27,78 21,05 18/97 26,67 6,67
137| 5,56 3,45 5,56/ 15,00 1,72 16,67
139 11,11 15,52 22,22 1,61 16,67 3,45 3,45 1,67
141 22,22 6,90 22,22 21,67 263 345 2000 27{273,791| 18,33
143| 5,56 5,56 1,72 1,52
145 6,67 1,52 1,72 1,67
147 5,56 13,64 1,72 5,00
149 2,63 1,67
151 3,45 7,58 17,24 3,33
153 13,79 | 16,64 21,67 268 517 3,33 9,09 13{33
155 6,90 5,56 3,33 517 6,61 6,06 10,34 3,33
157 1,72 1,67 3,33 1,67
159 7,89| 8,62 3,33 9,09 25,00
161| 5,56 22,22 2,63 8,62
169
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SSOSL417 ADBO3 | ADBO7 | ADEO4| ADFO5 | BG0O4 BP0O4 | BPO7 | NDLO4 | NDDO4 | NDDO7| NDLaO6
171 1,72 18,52 1,72 12,50 8,06 10,00 3,33
173] 35,00 13,79 14,81 10,34 15,63 9,68 6,67 3,33
175] 15,00 2759| 20,83 1296 55/080,48| 25,86 6,25 9,68 18,33 18,33
177 3,23
181 | 25,00 24,14 29,17 14,381 7,104 1379 25,00 20,926,67 25,00
183 1,85 1,72 9,38 14,52 30,00 28,33
185| 5,00 1,72 25,00 16,18 8,338
187 1,67
189| 10,00 18,97 8,33 2598 20,086,24 | 34,48 25,00 9,68 10,00 15,00
191 1,72 16,67 1,85 4,76 1,72 6,2p 8,06 5,00
193 3,45
195| 10,00 8,62 9,26 25,0®@,38 | 3,45
197 1,72 3,45
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Table 8(continued)

Locus | Populations

Ssal97| NDLaO7] NJU0O4 NJUO6& NJE NJS NMBO#4 NMBOp NMMOH5 NMO7 | NMTSO05 | NSS04
126
130 9,68 1,85 10,00 11,76 15,00 23j21 43,10 16,67 ,14[7 5,00 7,35
134 29,03] 51,85 66,00 61,16 21,67 32|14 25,86 3[7,064,76 16,67 26,47
138 6,45| 14,81 2,00 5,88 20,00 5,36 12,07 1852 82,3 26,67 23,53
142 30,65 1,85 2,00 8,82 23,83 172 5|56 11,90 76,6
146 12,90 7,41 8,00 5,56 16,67 8/82
150 3,70 588 3,38 25,00 6,90 9,26 14,29 10,00 88 b,
154 6,45 18524 12,00 588 3,83 1429 10,34 741 29,5 18,33 4,41
158 4,84 13,33 23,53
162

Ssa85 | NDLa07 | NJUO4 | NJUO6| NJE NJS NMB04| NMBO05 NMMO5| NMMO7| NMT®5 | NSS04
106 3,23 3,70 1,92 1,72 4,76 1,67 2|70
112 32,26|] 46,30 15,38 32,35 20,00 23|21 23,33 3p,7@3,81 51,67 32,43
114 24,19 24,01 5385 32,35 40,00 3393 50,00 5(,720,48 31,67 39,19
116 29,03 16,67 23,08 23,53 36,67 28|57 18,33 5,923,81 11,67] 24,32
118 11,29 9,26 57Y 8,82 3,33 14,29 8,33 6,90 7,14 3,33 1,35
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Strl5 NDLa07 | NJUO4| NJUO06| NJE NJS NMB04 NMBOY NMMO5 NMM7 | NMTS0S | NSSO04
214
220 27,42 12,96 577 12,30 5,86 3,45 2,70
222 32,26] 35,19 48,08 53,13 4643 71143 63,79 63,7910,48 73,21 63,51
224 2097 37,04 21,15 3,13 30,86 14|29 24,14 25,8612,86 24,32
226 19,35 14,81 25,00 31,25 2143 8|93 8,62 10,34 6,671 26,79 9,46
228
230 1,79
SSOSL438 NDLa07 | NJUO4 | NJUO6| NJE NJS NMB04| NMBO5 NMMO05| NMMO07| NMT®S5 | NSS04
95 5,41
103 64,52 72,22 67,31 61,16 63,33 66,07 45,00 86,283,33 33,33 58,11
105 9,68 1,85 11,76 16,47 3,83 8/11
107 1,61 5,88 3,4b
109 2,38
111 24,19] 2593 32,60 20,59 20,00 33,93 55,00 1D,3414,29 63,33 28,38
113
Str60 NDLa07 | NJUO4| NJUO6| NJE NJS NMB0O4 NMB0Y NMMO5 NMM7 | NMTS05| NSS04
95 45,16 24,00 28,80 52,94 35,19 27|78 18,33 40,7489,47 38,33 59,46
97 3,23 3,33
99 43,55 62,96 55,7 41,18 53,0 72|22 80,00 51,8%7,89 48,33 31,08
105 8,06/ 129 15,38 5,88 1111 1,67 7,41 2,63 001D, 9,46/
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SSOSL311 NDLa07 | NJUO4 | NJUO6| NJE NJS NMB04| NMBO5 NMMO05| NMMO07| NMT®S5 | NSS04
121 3,57 6,00 9,38 16,97 20,83 28,33 17,86 27,50 0,34 1,52
125
129 5,36 2,00 1538 13,33 25,00 23|33 16,07 20,0015,52 1,52
131 3,57 10,04 577 1563 3,83 8,33 167 1,14 21,5
133 8,93 4,00 9,62 12,50 6,67 20,83 833 10,71 Q1P,0 15,52| 24,24
135 8,000 23,08 9,38 16,47 2,08 5,00 5,36 1,50 417,27,58
137 1,79 2,50
139 3,57 12,00 577 15,63 6,25 10/00 3,57 6,90 55 4,
141 23,21 24,04 1,92 15,63 10,00 4117 20,00 28,21 2,502 10,34 18,18
143 5,00 517 3,08
145 21,43 7,14 4,55
147 5,36 4,17
149 15,00
151 10,71 13,46 3,138 1,52
153 5,36 2,00 6,25 13,33 4,17 3,83 8,62 4,55
155 7,14 18,00 13,46 6,25 4,17 714 2,50 1%,15
157 2,00 3,85 3,18 1,79 7,50 1,52
159 10,00 3,885 10,61
161 2,00 3,85 10,34
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SSOSL417 NDLa07 | NJUO4 | NJUO6| NJE NJS NMB04| NMBO5 NMMO05| NMMO07| NMT®S5 | NSS04
171 3,23] 27,78 5,77 1,85 3,%7 13,33 741 4,76 154
173 1,61 385 7,69 14481 5,56 4,76 10,00 5,41
175 35,48 9,26 7,69 19,23 29,63 12)50 6,67 9,26 6716, 13,33 31,08
177 1,85
181 20,97| 20,37 577 19,23 25,83 21143 13,33 3y,043,81 23,33 29,73
183 14,52 926 1346 7,69 1,85 8,93 13,33 9,26 0 p,09,46
185 4,84 571 7,69 3,33
187
189 14,52 24,00 53,86 23,08 20,37 28|57 43,33 2P,6310,48 3500 18,92
191 4,84 5,56 192 1154 3,70 23,21 333 1,85 ?,3810,00
193 7,14
195 3,70 192 3,8% 1,79 3,33 3,33
197
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5.1.3 Genetic differentiation and relationships amog sea
trout populations

Significant differences in allele frequencies weatetected
between 225 out of 231 population/sample pairs. Qag of
populations with homogenous allele frequencies rggd to the
Dubysa river sub-basin (NDD-04 and NDLa-06) and tyairs
involved populations from two different basins, Adna-Dag and
Nemunas: ADF and NDL, and ADB-04 and NJE. Threesotairs
with homogenous allele frequencies represented demhgamples of
the same population: ADB-04 and ADB-07, BP-04 art®®, and
NMM-05 and NMM-07. Interestingly, all other tempbraamples
(NDD-04/07, NDLa-06/07, NJU-04/06, NMB-04/05) shaive
statistically highly significant differences in el frequency
distribution. Differences in NDD and NJU temporalples mostly
depended on allele frequency shifts in locus SsaBte difference of
allele 114 and allele 116 frequencies between teahmamples of
NDD was 28% and 24%, respectively; similarly théfedence of
allele 112 and allele 114 frequencies between teahmamples of
NDD was 31% and 30%, respectively. The largestiealieequency
shifts in NDLa and NMB temporal samples were obsérin locus
SSOSL311 and SSOSL438, respectively (Table 8).

The level of differentiation between the major riv@asins
was significantly higher than between populatiowsfthe same river
basin (p<0.001, Mann-Whitney U-test). The mostidiggtished were
the populations from Bartuva river basin which thypd averag&sr
values of 0.111 and 0.103 in pair-wise compariseita Akmena-
Daré and Nemunas populations, respectively, whereaavbeagd-st
between the Akmena-Danand Nemunas populations was 0.063
(Table 9). The level of population differentiatiasthin the three river
basins was similar: averager ranged from 0.049 (Akmena-Dgno
0.056 (Nemunas). Within the Nemunas basin, the ameer
differentiation between tributaries of Minijajrd and Dubysa ranged
from 0.046 to 0.069 (Table 9).
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Table 9: PairwiseFsr values (above diagonal) am distancegbelow diagonalbetween
Lithuaniansea troupopulations

ADB-04[ADB-07] ADE | ADF | BG | BP-04 | BP-07| NDL | NDD-04NDD-07] NDLa-06
ADB-04 -0.010 | 0.083 | 0.037] 0.092 0.098 0.050 0.037  0.042.069 | 0.049
ADB-07 | 0.065 0.074 | 0.049] 0.116 0.102 0.068 0.068  0.0610760.| 0.066
ADE 0.199 | 0.168 0.066 | 0.181] 0.204 0.59 0.123 0.054  0.087 0920.
ADF 0.148 | 0.114 | 0.220 0.084 | 0.098] 0079 0017 0026 0.084 0.042
BG 0.203 [ 0.216 | 0.345 | 0.245 0.085 0.040 0.093 0.089  0.150 0840.
BP-04 0.167 | 0.156 | 0.326 | 0.178 | 0.155 0.019 0.079 0100 0.162 0.085
BP-07 0.144 | 0.132 | 0.265 | 0.160 | 0.123 | 0.071 0.059| 0.063 0.107  0.049
NDL 0.160 | 0.147 | 0.285 | 0.061 | 0.273] 0.14§ 0.138 0.036 | 0.066] 0.046
NDD-04 | 0.188 | 0.169 | 0.179 | 0.123 | 0.311 | 0.217 | 0.172 | 0.138 0.040  0.005
NDD-07 | 0.181 | 0.163 | 0.205 | 0.175] 0.337 | 0.271| 0.225] 0.177 0.090 0.059
NDLa-06 | 0.193 | 0.166 | 0.226 | 0.119 | 0.265 | 0.166 | 0.140] 0.117 | 0.048 | 0.117

NDLa-07 [ NJU-04[NJU-06] NJE | NJS | NMB-04NMB-05] NMM-05 [ NMM-07 | NMTS | NSS
NDLa-07 0.041 | 0.073| 0.022 0.028 0.068 0.099  0.053 0.048 0820.[ 0.037
NJU-04 | 0.117 0.046 | 0.034 0.054 0.058 0.077 _ 0.037 0.030 08€0.| 0.059
NJU-06 | 0.136 | 0.084 0.032 0.061 0.056 0.067 0.052 0.035 088.| 0.075
NJE 0.102 0.106 | 0.108 0.036] 0.042| 0086 0.031| 0.033] _ 0.089  0.030
NJS 0.137 0.159 [ 0.167 | 0.125 0.045| 0.067 0.035] 0.030] 0.068  0.031
NMB-04 | 0.155 | 0.109 | 0.128 | 0.107] 0.140 0.027 | 0.034 | 0.041 | 0.058 0.063
NMB-05 | 0.158 0.105| 0.116] 0.127 | 0.127] 0.047 0.064 | 0.071 | 0.063] 0.095
NMM-05 [ 0.115 | 0.080 | 0.105| 0.104[ 0.109| 0.082 | 0.077 0.013 | 0.080| 0.034
NMM-07 | 0.157 0.115| 0.125[ 0.134] 0.106| 0.099 | 0.100] 0.060 0.106 | 0.060
NMTS 0.172 0.149 | 0.148[ 0.127] 0.127] 0.126 | 0.121| 0.120 0.157 0.055
NSS 0.107 0.097 | 0.126] 0.123] 0.110] 0.146 | 0.151 | 0.091 0.143 0.134
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Fst values between temporal replicates of the pomrati
were significantly lower than between spatial sasplithin years
(P<0.001, Mann-Whitney U-test).

Pair-wise genetic distanceB4) were calculated between all
populations pairs (Table 9). Estimation of the dgenalistance
between three major river basins showed that popokof Bartuva
river basin were mostly genetically distant — ager®, values
between Bartuva river and Akmena-Bariver basins as well as
between Bartuva and Nemunas basins were 0.21 a@d, 0.
respectively and were significantly higher thanwessn Akmena-
Daré and Nemunas river basinB{ = 0.16). Within Nemunas river
basin, the largest genetic distance was betweerydaubnd Minija
river sub-basins and the smallest — betwema and Sy3a river sub-
basins (0.16 and 0.11, respectively).

Genetic distances between the major river basins wa
significantly higher than between populations fréme same basin
(p<0.05, Mann-Whitney U-test). Similarly, genetistdnces between
the different river sub-basins within Nemunas rivieasin was
significantly higher than between populations fribra same river sub-
basin (p<0.05, Mann-Whitney U-test).

The Mantel test for isolation by distance overpalpulations
revealed non-significant (p>0.05) association betwe the
geographical and genetic distances. The same was itr more
regional scale, within the Nemunas basin (p>0.6&)wever, when
the enhanced populations were excluded from thiysisaassociation
between geographical and genetic distance becaghdy Heignificant
both for all studied populations and for populasidrom the Nemunas
basin P<0.01).

The Neighbor-joining dendrogram of the Lithuaniaa $rout
populations based db, genetic distances illustrates the grouping of
populations into two moderately supported (boopstralue 57) major
clusters (fig. 4).
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Figure 4: NJ dendrogram of the Lithuanian sea trout popaati
based orD, distances.
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One cluster consisted mainly of the populationanfrthe
Nemunas basin (with the exception of ADF and ADEpdfulations
from the Akmena-Dahnbasin) while the other consisted of two well-
supported subclusters that corresponded to ther rbasins of
Akmena-Dag and Bartuva, respectively (Figure 4). Within the
Nemunas cluster, the populations from Dubysa andijMirivers
formed two well supported sub-clusters (with theeption of NDL
and NMTS) while thedta populations did not cluster together (Figure
4).

5.1.4 Hierarchical analysis of genetic structure

Analysis of molecular variance (AMOVA) was used to
partition genetic variation into hierarchical leselFor the first
analysis, the populations were grouped accordirthrie major river
basins (Nemunas, Akmena-Qiaand Bartuva) that formed the highest
level of hierarchy. The second level consisted @fyations within
basins and the third level consisted of individualihin the
populations. The AMOVA analysis revealed that mast total
variation of microsatellite loci (91.63%) was dueuariation within
the populations, whereas 3.04% was distributed gnrorer basins
and 5.33% was distributed among populations wittier basins
(Table 6). The percentage of variation due to iffiees between
population groups increased to 4.66% after excldanhanced
populations (Table 10).

For the second analysis, the highest level of ahatry
consisted of four tributaries of the Nemunas (Mingira, Dubysa and
Sysa), second level consisted of populations witliiutaries and the
third level consisted of individuals within the pdations. The
AMOVA analysis revealed that 93.86% of total gemetiiversity
within the Nemunas basin was due to variation withie populations;
4.34% was distributed among populations, and onB0% was
explained by differences among the tributaries.
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Table 1Q Hierarchical gene diversity analysis of Lithuangea trout populations

Population groups for the highes

level of hierarchy

stPercentage of variation

Among
groups

Among populations
within groups

Within
populations

Main river basins (Nemunas,
Akmena-Dane, Bartuva)

3.04

5.33

91.63

Major tributaries within the
Nemunas basin (Dubysa, Jura,
Minija, Sysa)

1.80

4.34

93.86

Major tributaries within the
Nemunas basin (Dubysa, Jura,
Minija, Sysa) with hatchery
stocks excluded

2.32

3.99

93.68

Main river basins (Nemuna
Akmena-Dane, Bartuva) wit
hatchery stocks excluded

54.66

5.06

90.28

Populations with temporal
replicates (Bon&l Pragulba,
Dratvinys, Lapi8, Upinike,
BlendZiava, MiSupis)

5.40

2.01

92.59
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After excluding the enhanced stocks from the aig/\8.99%
of the total genetic diversity was distributed agpgropulations, and
2.32% was distributed among the tributaries (TaBle

For the third analysis, only populations with tera
replicates were included in order to assess ttaivel magnitude of
temporalversus spatial variation. AMOVA analysis revealed that the
temporal variation (2.01% of the total variationpsvalmost three
times smaller than the spatial variation (5.40%) &till significant
(P<0.001), indicating that significant differencesatiiele frequencies
existed among the temporal replicates within pdpria (Table10).

5.1.5 Contemporary gene flow

Based on the results of BAYESASS analysis, the tmos
isolated populations (with the proportion of norgraints 0.90 or
higher) were Bonal (ADB) and Eket (ADE) from Akmena-Daé
river basin, Pragulba from Bartuva river basin (B&)d BlendzZiava
(NMB), Siasis (NMTS) and Sustis (NSS) from Nemunas river rhasi
whereas the least isolated populations (with thepgntion of non-
migrants 0.80 or less) were enhanced populatiokohena-Dag
river basin (ADF), Guntinas population from Bartuviaer basin
(BG), and Lukg (NDL), EZzeruona (NJE), Sunija (NJS) and Misupis
(NMM) from Nemunas river basin (Tablell). The rdcemgration
rates between populations belonging to differenterri basins
(Akmena-Das, Bartuva, Nemunas) were quite low: typically 0d)O
0.01, rarely 0.02 or 0.03 (Table 11). The highedtvieen river basin
migration rates were observed from B@npbpulation of Akmena-
Dare river basin (ADB) to EZeruona population afrd river sub-
basin (NJE), from enhanced population of Akmenadyarer (ADF)
to Lukré population of Dubysa river sub-basin (NDL) and nfro
MiSupis population of Minija river sub-basin (NMMp enhanced
population of Akmena-Danriver basin (ADF) fh = 0.05, 0.04 and
0.04, respectively).
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Table 11 Bayesian assessment of migration proportions dpulations (BAYESASS, Wilson and
Ranalla 2003). Bolded terms along the diagonal esgmt proportion of nonmigrants within a
population; values in rows represent migrants k&zkefrom other sites; values in columns represent
migrants donated to other populations.

ADB | ADE | ADF | BG | BP | NDL| NDD| NDLa| NJU| NJE NJS NMB NMM NWNS | NSS
ADB 0.98 | 0.00 | 0.00 | 0.00{ 0.01) 0.000 0.0 0.00 0.00 0J00 0.00 0.00.000]| 0.00 0.00
ADE 0.01 | 0.94 | 0.00 | 0.00| 0.00 0.000 0.01 0.00 0.00 0J00 0.00 0.00.000]| 0.00 0.01
ADF 004 | 0.01 | 0.76 | 0.00| 0.01] 0.01] 0.01] 0.02 0.03 0.p0 0Jj01 0.010.04 0.03 0.01
BG 0.02 | 0.01] 0.02 0.74| 0.08 | 0.01 | 0.01 | 0.01 0.01 0.00 0.01 o.08L 0.0 0.0 01
BP 0.00 | 0.00] 0.00] 0.00| 0.98| 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0,00
NDL 0.02 | 0.01 | 004 | 0.00| 0.03/ 0.69 | 0.02 | 0.03 | 0.04 |0.00|0.01|0.02 | 0.02 | 0.03 0.02
NDD 0.02 | 0.00| 0.00f 0.00 0.0[ 0.00 | 0.84 | 0.10 0.01 | 0.00| 0.00| 0.01 | 0.00 | 0.00 0.00
NDLa | 0.00 | 0.00| 0.00f 0.0p 0.0 0.00 | 0.08 | 0.82 | 0.01 | 0.00| 0.01| 0.00 | 0.04 0.01 0.01
NJU 0.00 | 0.00| 0.000 0.0p 0.0 0.00 | 0.0 | 0.OO [0.88| 0.00| 0.00| 0.05 | 0.03 | 0.00 0.00
NJE 005 | 001 | 001] 0.0 0.010.01 | 0.03 |0.02 | 006 |068|0.01|005 |0.02 |0.02 0.01
NJS 0.02| 0.01] 0.0 0.00 0.q0.00 |0.01 001 |0.01|0.00[078| 008 |0.01 |O0.01 0.05
NMB | 0.00 | 0.00| 0.01] 0.00 0.0[ 0.00 | 0.00 | 0.00 | 0.00| 0.00| 0.00| 0.99 | 0.00 | 0.00 0.00
NMM |0.00 | 0.00 | 0.00| 0.00 0.0{0.00 | 0.00 | 0.00 | 0.01|0.00]| 0.00f0.18 |O0.77 |0.01 0.01
NMTS | 0.00 | 0.00| 0.00f 0.00 0.0 0.00 | 0.00 | 0.00 | 0.00| 0.00| 0.00| 0.00 | 0.00 | 0.98 0.00
NSS 0.02| 0.00f 0.0 0.00 0.q 0.00 | 0.00 | 0.00 | 0.02|0.00] 0.01] 0.00 | 0.01 |O0.01 0.90

,_
o
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Immigration rates to the Nemunas river basin vatse quite
low and mostly associated with Lukmpopulation of Dubysa river
(NDL) and EZeruona population ofard river (NJE). Other
populations from Nemunas river basin possessed igidgl
proportions of immigrants from Akmena-Darand Bartuva river
basins (Table 11).

Considering migration between tributaries of themiaas
river (Dubysa, Jura, Minija and Sy3a), populatiohMinija and Sy3a
were mostly isolated, whereagrd and Dubysa received immigrants
from populations that belonged to different subitmsFor example,
Sunija population of @a river (NJS) received relatively high
proportion of immigrants from Blendziava populatiohMinija river
(NMB) and from Sustis population of Sy3a river (N$® = 0.08 and
0.05, respectively), while EZeruona (NJE) and Ugini(NJU)
populations of dra river received immigrants from BlendZiava
population of Minija (NMB; m = 0.05). Populations of the Dubysa
river, Lukre (NDL) and LapiSe (NDLa), displayed relatively high
proportions of immigrantaxf = 0.04) from Upinik population of dra
river (NJU) and from MiSupis population of Minijaver (NMM),
respectively (Table 11).

Within the major tributaries of the Nemunas, thighkst
migration rates were observed in Minija and Dubgrgar sub-basins.
Within Minija sub-basin, MiSupis (NMM) populatioreceived high
proportion of immigrants from BlendZiava (NMB; m &:18) and
within Dubysa sub-basin, relatively high reciproaailgration M =
0.08 and 0.10) between Dratvinys (NDD) and Lapi®Lla) was
observed (Table 11). Relatively high migration satee also found
within the dira river sub-basin: in EZeruona (NJE), the propartf
immigrants from Upinik (NJU) was 0.06 (Table 11).
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Fig. 5: Gene flow between Lithuanian sea trout populatioarsed on
contemporary migration estimates. Arrows indicateation of gene
flow; N denotes estimated numbers of sea trout gadr numbers in
brackets indicate proportion of nonmigrants withpopulation.
Numbers on arrows represent proportion of migra@tdy migration
rates larger than 0.03 are displayed.
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Movement of sea trout between analyzed rivers weag@lly
asymmetric. Rivers characterized by large numbésea trout parr,
frequently functioned as sources of migrants. ImiMiriver basin,
BlendZiava (NMB) and MiSupis (NMM) provided migranhot only
to the neighboring rivers but also to the riveratthelong to other
basins (Table 11, Fig. 5). Similarly, Pragulba dapan of Bartuva
river basin (BP), Bonal population of Akmena-Danriver basin
(ADB) as well as Sustis population of Sy3a riveb-basin (NSS)
functioned as a source of migrants to smaller pimuis. EZeruona
population of dra river sub-basin (NJE) that is characterized by o
of the smallest number of sea trout parr receivatligrants from the
largest number of populations (Table 11, Fig. Brde proportion of
immigrants (from 0.16 to 0.24) were also observedidst enhanced
populations of sea trout (ADF, NDD, NDLa and NJ$he only
exception was NMTS where the proportion of non-@uigs was very
high (0.98).

Genetically effective migration rate depended alsn
geographical distance. In majority of cases, mignatwas more
frequent to geographically closer populations. Example, MiSupis
(NMM) received high proportion of immigrants fromearby
population (26.9 km) BlendZiava (NMB) within the Ma sub-basin.
Migration between geographically remote rivers wase and the
proportion of migrants was smaller.

5.2 Atlantic salmon

5.2.1 Genetic diversity in wild and farmed salmon
populations

Exact Hardy-Weinberg tests showed significant akiens
from Hardy-Weinberg equilibrium in 3 out of 25 tesat 5%
significance level after Bonferroni adjustments.olef them were in
Hatchery-2000 population (SSOSL417 and Ssa202)caedwas in
Hatchery-1999 population (locus Ssal97 (Table 13)).
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Linkage disequilibrium was not significant for nhagudied
samples and only one and two pairs of loci were liitkage
disequilibrium in populations Hatchery-2000 and ¢tatry-2002 after
applying Bonferroni correction for multiple tessignificant linkage
disequilibrium between loci in these populations ba most probably
explained by sampling the siblings (Ohta 1982).

In total, 53 alleles were observed at the 5 midedsiz loci
analysed, ranging from 6 (SSOSL85) to 20 (Ssal®@®rage number
of alleles detected per population varied from JQS0OSL85) to 9.75
(Ssal97) (Table 12).

Within locus genetic diversity was moderate to higthh
observed heterozygosities ranging from 0.591 (SS5plto 0.808
(Ssal197) over all samples (Table 12). Individuati lwaried in
observed heterozygosity among populations, randnogn 0.388
(Ssal71l in Hat99) to 10.96 (SSOSL417 in Hat00) lgab3).
Expected heterozygosities ranged from 0.528 (SSGHi8 0.816
(Ssal197) over all samples (Table 12) and from 0.452R171 in
Hat99) to 0.881 (Ssal97 in Hat99) for individualcileamong
populations (Table 13).

Table 12 Locus by locus statistics (Aver.A — average numbk
alleles per locus; Aver & average expected heterozygosity; Aver.H
— average observed haterozygosity; SD — standardtim)

Locus Aver.A | SD Aver.H: | SD Aver.Hy | SD

Ssal97 9.750 4.500 0.816 0.0h9 0.808 0.025
SS0OSL417 5500 1.91pb 0.6%2 0.037 0.754 0.n061
Ssa202 5.750 0.500 0.736 0.008 0.730 0.n02
SSOSL85 3.250 1.258 0.528 0.042 0.591 0.1126
Ssal7l 5.750 2.21)7 0.613 0.142 0.637 0.085

The total number of alleles over seven loci ranigeoh 23 in
the Hatchery2000 population to 43 in the Hatch&d99l population.
Allelic richness across all populations had a meane of 5.46 and
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within populations ranged from 4.51 in Hatchery-@Qibpulation to
6.89 in Hatchery-1999 population (Table 13).

Tablel3: Micosatellite diversity indices for salmon popidats from
Lithuanian rivers. Figures provided are number ltdles @), allelic
richnesqAr), expectedHlg) and observedHp) heterozygosity and P-
value for deviation from expected Hardy-Weinberggartions Ppy;
significant deviations indicated in bold).

Population | Ssal97 SSOSL417| Ssa202 SSOSLB5  Ssalf7lll lod&

Zeimena
A 10 6 6 3 5 6.00
Ar 9.250 5.517 5.992 3.000 5.000 5.75
He 0.836 0.667 0.773 0.583 0.739 0.719
Ho 0.931 0.655 0.821 0.759 0.759 0.785
Paw 0.355 0.434 0.519 0.146 0.363

Hat-1999
A 16 8 5 5 9 8.60
Ar 12.437 6.543 4.129 4.319 7.022 6.89
He 0.881 0.689 0.593 0.493 0.424 0.616
Ho 0.840 0.800 0.600 0.460 0.388 0.618
Paw 0.010 0.084 0.657 0.149 0.075

Hat-2000
A 6 4 6 3 4 4.60
Ar 5.729 4.000 5.880 3.000 3.957 4,51

He 0.740 0.649 0.816 0.537 0.584 0.665

Ho 0.633 0.960 0.800 0.546 0.607 0.709
Paw 0.1607 | 0.0002 0.0005 | 0.3272 0.5872

Hat-2002
A 7 4 6 2 5 4.80
Ar 6.965 3.984 5.733 2.000 4.756 4.69
He 0.806 0.602 0.762 0.497 0.704 0.674
Ho 0.828 0.600 0.700 0.600 0.793 0.704
Paw 0.656 0.299 0.370 0.414 0.452

Average observed heterozygosity across all popuistivas
0.704 and within populations varied from 0.618 iat¢hery-1999
population to 0.785 in wild Zeimena population. Egfed gene
diversity across all populations was 0.669 and iwithopulations

76



varied from 0.618 in Hatchery1999 population to1@.7in wild
Zeimena population (Table 13).

The Wilcoxon’s sign-rank test detected significamtess of
heterozygosity in all studied salmon populations0(p5), except
Hatchery-1999. It indicates that other hatcheryypaions as well as
wild Zeimena population have recently experiencexkee reduction
in their effective population size.

Tests for comparison of genetic diversity indickevged that
Hatchery-1999 population exhibited higher allelchness than other
two hatchery populations (p<0.05), but detected significant
differences in observed and expected heterozygssi(p>0.05).
Similarly, comparison of genetic diversity of wildnd hatchery
populations found no significant differences neitimeaverage allelic
richness nor in average heterozygosities (p>0.05).

5.2.2 Allele frequencies of salmon populations

Range of allele lengths in each locus are giveghénTable 14
and allele frequencies of each population at eachsl are presented
in Table 15.

Table 14 Range of allele lengths in each locus

Locus Range of allele lengths (bps)
Ssal97 164-224
SSOSL417 159-203
Ssa202 240-268
SSOSL85 183-201
Ssal7l 208-240

The proportion of shared alleles between populatiof
Zeimena and hatchery populations of local origiat@Hery-2000 and
Hatchery-2002) was 76%, whereas only 42% of comailates were
observed between Zeimena population and Hatched9-p8pulation.
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Table 15 Allele frequencies of each Lithuanian salmon

population at each locus

Lokus Populations
Ssal97 Zeimena Hat-1999 Hat-2000 Hat-2002
164 6,67 13,79 1,72
168 21,67 5,17 24,14
172 20,00 27,59 27,59
176 1,72
188 8,33 13,79 11,00 5,17
192 6,00
194 1,00
196 12,00
198 1,00
204 1,67 10,00 1,72
206 2,00
208 41,67 29,31 4,00 13,79
210 1,00
212 23,00 5,17
214 3,00
216 5,17 4,00 12,07
218 2,00
220 17,00
222 2,00
224 5,17 1,00 6,90
SSOSL417 | Zeimena Hat-1999 Hat-2000 Hat-2002
159 52,00 5,00 1,00
161 8,00 11,67 8,00 22,41
163 2,00 1,72
183 7,00 8,62
185 14,00 56,67 50,00 51,72
187 9,00
191 1,00
193 26,00 26,67 22,00 13,79
203 1,72




Ssa202 Zeimena Hat-1999 Hat-2000 Hat-2002
240 2,00 5,36
244 20,00 38,33 18,00 30,36
248 16,00 11,67 21,00 8,93
252 58,00
256 1,67 2,00
260 24,00 25,00 1,00 33,93
264 24,00 10,00 10,71
268 14,00 13,33 10,71

SSOSL85 Zeimena Hat-1999 Hat-2000 Hat-2002
183 13,64 10,34
187 4,00
195 1,00
197 63,64 42,00 21,0D 36,7
199 22,73 58,00 68,00 53,4
201 6,00

Ssal71l Zeimena Hat-1999| Hat-2000| Hat-2002
208 3,57 2,04
212 12,50 6,90 1,02 12,9
216 25,86 7,14 10,34
220 25,00 43,10 75,51 41,3
224 2,04
228 2,04
232 5,10 10,34
236 58,93 22,41 3,06 25,8
238 2,04

Considering all populations separately, a totaRafprivate

alleles were found in 4 populations and most ofrit{@9 out of 22)
were observed in Hatchery-1999 population. Twogig\alleles were
found in the wild Zeimena population and only aginprivate allele
was found in the Hatchery-2002 population. Thedssgy of private
alleles in the populations of Zeimena and Hatct2@§2 did not
exceed 0.02, whereas some private alleles of Hgtd899

population dominated over all others. For examiie, frequency of
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allele 252 in locus Ssa202 was 0.58, similarly fregquencies of
alleles 196 and 220 in locus 197 were 0.12 and (I.afBle 15).

We found some very rare alleles, that frequency mibd
exceed 0.05, for example the frequency of allel& 16 locus
SSOSL417 and allele 256 in locus Ssa202 did notexk®.02. We
also found some alleles that dominate over othersexample the
frequency of alleles 197 and 199 in locus SSOSIa8iged from 0.86
to 1.00 across all populations, similarly the fregey of alleles 220
and 236 in locus Ssal74 ranged from 0.66 to 0.84.

5.2.3 Genetic differentiation and relationships amog
salmon populations

Significant differences in allele frequencies weatetected
between all studies salmon populations. Pair-Wise values were
calculated between all populations pairs (Table. IBe most
distinguished were the Hatchery-1999 populationcthilisplayed-st
values of 0.126, 0.127 and 0.252 in pair-wise caispas with
Zeimena, Hatchery-2002 and  Hatchery-2000  populstion
respectively, whereas the lowdst; value was between Zeimena and
Hatchery-2002 populationg4r= 0.013) (Table 16).

Pair-wise genetic distanced) were also calculated between
all populations pairs (Table 16). The Hatchery-1@@@ulation was
mostly genetically distant — averad®, values between Hatchery-
1999 population and wild Zeimena population as vesll between
Hatchery-1999 population and Hatchery-2000 was .&0d 0.453,
respectively. Whereas the smallest genetic distawes found
between wild Zeimena population and Hatchery-200@ufation Da
= 0.085).

Table 16 PairwiseFst values (above diagonal) amy distances
(below diagonal) between Lithuanian salmon popoifeti

NNZ Hat-1999 | Hat-2000 | Hat-2002
NNZ 0.126 0.107 0.013
Hat-1999 | 0.308 0.252 0.127
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Hat-2000 | 0.168 0.453 0.111
Hat-2002 | 0.085 0.316 0.138

6. DISCUSSION

6.1 Genetic diversity of sea trout and salmon popations
Analysis of microsatellite DNA variation revealewi level
of polymorphism in Lithuanian sea trout populatio@®mparisons of
mean expected heterozygosity and mean allelic eshbetween river
basins revealed that all examined river basinshéed similar levels
of genetic diversity in spite of significant difesices in the estimates
of their smolt production. However, comparison ehgtic diversity of
populations that belong to Nemunas river basin alek significant
differences between populations that belong to lmadrs of the
tributaries Minija and Dubysa. The reason of insegh genetic
variation in the Dubysa river sub-basin can be nator human
mediated gene flow, as according to estimates oémnte migration
rates, the most isolated populations in terms ahignants, belong to
the Minija sub-basin, whereas populations from abyiver sub-
basin receive immigrants not only from Nemunasrbasit also from
populations that belong to Akmena-[Rarasin (Table 11, Fig. 5).
The levels of polymorphism and genetic diversiturfd in
this study are comparable to those reported iniesufom other
regions of Atlantic sea trout. Average number d¢élas per locus in
Lithuanian populations ranged from 3.57 to 6.2%mels the range of
this measure was from 5.33 to 7.33 in Danish amadus brown trout
populations (6 common loci with our study; Hanseal., 2002), from
5.33 to 6.67 in Polish sea trout populations (troe@mon loci; Was
and Wenne, 2003) and from 3.68 to 6.17 in Norwediaown trout
populations (four common loci; Sgnstebw all. 2007). Similarly,
expected heterozygosity in Lithuanian populaticasged from 0.60
to 0.72, whereas the range of this measure was @& to 0.70 in
Danish anadromous brown trout populations, from35@ 6.67 in
Polish sea trout populations and from 3.68 to GriMNorwegian
brown trout populations. However, in Spain it waarfd higher levels
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of genetic diversity than seen in our study: nundfealleles per locus
varied from 11.67 to 17.00 and expected heteroitygearied from
0.83 t0 0.90 (Campaet al., 2007).

It was found no evidence of recent bottleneck iarfsgh sea
trout populations (Campaa al., 2007), whereas our results showed
that most Lithuanian sea trout populations haventyg experienced
severe reduction in their effective population sifie cannot be
excluded, however, that the Danish, Polish and MNgan
populations have also suffered from the reduceekcgffe population
size.

The level of polymorphism was also high in studgthntic
salmon populations. Genetic diversity of Lithuaniesalmon
populations was comparable with other salmon pdioms from
Baltic Sea region. Allelic richnessA{ = 5.46) and mean
heterozygosity Hle = 0.67) of Lithuanian populations was consistent
with that reported for Estonia and Latvia (EstorAa:= 5.13;He =
0.60; Vasemaggt al. 2005a and LatvigAr = 6.90;He = 0.69; Saisé&t
al., 2005). Therefore, genetic diversity of Lithuanissalmon
populations was lower than reported in Gulf of Bagh(Ar = 8.3;He
= 0.72; Sais&t al., 2005) and in southern populations of Baltic sea
(Ar = 8.4;He = 0.73; Sais&t al., 2005). The level of genetic diversity
of Barent and White Sea populations as well as agufations of
Eastern Atlantic and Spain was even more higherefBaand White
Sea:Ar = 10.6;He = 0.78; Saisa et all. 2005; Eastern Atlanfic:=
12.1;He = 0.81; Saisé&t al., 2005; SpainAr = 9.5;He = 0.76; Horreo
et al., 2008).

Analysis of genetic distance®/{) and Fst values revealed
that, because of non-local origin, Hatchery-199puytation was very
distinct from other analyzed populations. Moreowarerage genetic
distance between this population and other analppgdilations was
0.36 and was similar to that reported between gageltic sea and
Gulf of Bothnia populations (D= 0.35; Saisé&t al., 2005). At the
same time, averagest value between wild Zeimena population and
other hatchery populations was 0.08 and was sirtolahat reported

82



between wild Estonian salmon populatiofst(= 0.10; Vasemaggt
al., 2005a).

The level of genetic diversity in wild, enhancedldarmed
populations of salmon and sea trout in Lithuanias wamilar.
Population size bottlenecks were detected not amlgnhanced or
hatchery populations but also in majority of wildpplations, where
releases of artificially reared trout have neveerbearried out.
Furthermore, the genetic composition of enhanceoulations was
more similar to the wild populations of Nemunasibaban to the
other analyzed populations. These results are stemsi with the
Lithuanian stocking program that is based on wpdveners of local
origin (Virbickas and Kesminas 2002).

6.2  Genetic structure of sea trout populations

Significant population differentiation was foundtbhdetween
river systems and between most population paitsinvthe same river
system. Even geographically adjacent tributaridsbited significant
genetic differences. This indicates that Lithuanigea trout
populations are structured into distinct breedingsu

Quantitative analysis of genetic differentiationosled that
genetic differences between populations from Akriae: river
basin and other analyzed populations as well asdsgt populations
from Bartuva river basin and other analyzed poparat were larger
than differences between populations from Minijaa,) Dubysa and
Sy3a sub-basins. The same situation was obvious ¢amparison of
genetic distances which showed that populations fAd&kmena-Daa
river basin as well as populations from Bartuvaeriwasin are
genetically more distinct from other studied pofiolas whereas
populations from Minija, dra, Dubysa and Sy%a sub-basins are
genetically more similar. This pattern could belakped by different
geographical situation of analyzed rivers: AkmeraxDdrains to the
Curonian Lagoon, Bartuva drains to the Liepaja Laldeich is
connected with the Baltic Sea, whereas Dubywa, Minija and Syéa
are tributaries of the Nemunas river, providing enpossibilities for
gene flow among the populations from the same basin.
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However, regardless clear importance of geogramgion to
genetic differences, we found no statistically gigant differences of
allele frequencies and no statistically signific&st values between
enhanced population of Akmena-RafADF) and Lukr® population
from Dubysa river sub-basin (NDL) as well as betw&»nat-2004
population of Akmena-Dan(ADB-04) and EZeruona population from
Jara river sub-basin (NJE). This finding could refleelatively high
level of gene flow mediated by stocking practidest translocate fish
from one river basin to other.

Analysis of proportions of shared alleles betwderd major
river drainages showed that this proportion betwpepulations of
Akmena-Das river basin and populations of Nemunas river basia
higher than between populations of Bartuva and AlariBarg river
basin and between populations Bartuva and Nemuras basins,
therefore populations of Akmena-Oaand Nemunas river basins are
more similar in allele composition in comparisorthypopulations of
Bartuva river basin. However, when we considerdyg wiid sea trout
populations of Akmena-Da&rand Nemunas river basins, proportion of
shared alleles became lower and comparable witkrothlues of
between basin comparisons.

These similarities were also reflected in the reddy weak
inter-regional structuring of populations — the AM® analysis
showed that regardless of population groupingegsgtwithin-region
variation was higher than the between-region vianaand the genetic
distance based analysis clearly showed only twon npaipulation
groups with high bootstrap support. These resotifcate that for the
Lithuanian sea trout, the population structurehat level of within
river basins is more pronounced than at the levabatween river
basins. It also shows the impact of both naturategfow and
translocations of fish from different tributaries demunas and also
from different river basins during stocking praes8c The latter
became obvious after excluding enhanced populativos the
AMOVA analysis since the percentage of among-bdgferentiation
increased markedly. AMOVA results also indicateat tlalthough
structuring between three regions is not strongnadié populations
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are considered, there is evidence that wild pojuiatexhibit much
stronger differentiation at this spatial scale (€alD).

6.3 Temporal stability of sea trout populations

Analysis of temporal stability of populations relexh
statistically significant differences in allele dgency distribution and
significant Fst values between temporal replicates taken from
Dratvinys and LapiSe populations from Dubysa risel-basin (NDD
and NDLa), Upinik population from dra river sub-basin (NJU) and
BlendZiava population from Minija river sub-basMMB). Temporal
AMOVA also showed significant changes in allelggfrencies among
temporal replicates within populations. This indésa that these
populations are not temporally stable over shanetscales of two to
four years. Unstable population genetic composiéind structure has
been reported also in several other studies ofadtia (e.g. Laikret
al., 2002; Ostergaard al., 2003; Jensest al., 2005; Hanseswt al.,
2009) though there were also studies that demdedtrstability of
genetic population structure, for instance in Alilaisalmon (Nielsen
et al., 1999; Tessier and Bernatchez 1999; Paésteh, 2007; Vahaet
al., 2008) and also brown trout (Hansaral., 2002; Campost al.,
2007). Main reasons of significant temporal genetianges include
random genetic drift in populations that have vemall effective
population size (Laikret al., 2002; Palnet al., 2003), population size
bottlenecks or extinction-recolonization events edained by
unfavorable environmental conditions (Jstergaatra., 2003; Jensen
et al., 2005) and effects of captive breeding as welina®gression
from other populations by stocking activity (Sagsal., 2003; Hansen
et al., 2009). In our study we found evidence of regeopulation
bottleneck in many populations. However, reductan effective
population size was detected not only in populati@nth unstable
allele frequency distribution, but also in otherpplations from
Nemunas and Bartuva basins in which allele fregesmnwere stable
over time.
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Computer simulations have provided evidence that in
organisms with overlapping generations the totgdupetion consists
of several age classes (cohorts) that may haveereift allele
frequencies and such population will display coesatly larger allele
frequency shifts than the population with discrggeerations (Ryman
1997). Moreover, it was shown that if sampled papoh consists of
individuals of only single year class (cohort), mes in allele
frequencies can be much more pronounced than irpleathat
consists of different cohorts and that the possihtib find significant
differences in allele frequencies is higher wham@as do not consist
of even representation of a cohort (Ryman 1997mkahl., 2003). In
our study, sampled populations consisted of thé&vitdals of the 0+
age class, therefore allele frequency differended were found
between temporal samples of the same river werelyliklue to
restricted number of age classes. Moreover, the XMGnalysis
showed that the genetic variation attributable @mgoral variation
within populations is three times lower (2.0%) thdoe variation
attributable to spatial variation among samplingessi(5.4%). This
indicates that temporal variation within samplinges was relatively
low compared to the spatial differences betweemth&he higher
variation attributable to spatial variation compmhréo temporal
variation was also reflected in the pairwlsg andD, values, which
were significantly lower between temporal replisatef the
populations than between spatial samples withinyders (p<0.05;
Mann-Whitney U-test). Moreover, temporal samplesuged together
according to the site of origin in the neighbomjag dendrogram.
These results provide additional evidence thatiapdiversity is a
more important constituent of total genetic divigrsif Lithuanian sea
trout populations and allows treating them as tealpo stable.
Several previous studies have also reported terpar@tion within
populations that was several times lower than pla¢ial component of
variation and did not change the spatial diffemgidn pattern and
accordingly, allowed to infer temporal stability dfie analyzed
populations (Campost al., 2007; Heggenest al., 2009; Ozerowt
al., 2010).
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6.4 Impact of contemporary gene flow on fine scalgenetic
structure of sea trout populations

Analysis of contemporary migration rates showed tva of
the currently largest populations (NMB, NMM) wekeetmain donors
of migrants and that the direction of gene flow vpmedominantly
from large into small populations. These findingdicate asymmetric
pattern of contemporary gene flow where larger jpatmns act as
sources of migrants and smaller populations aateagpients. This
result is in good accordance with the other restmdies of brown
trout and salmon where asymmetric gene flow frormgdanto small
populations was observed (Hanstal., 2007, Palstrat al., 2007). It
is evident that asymmetric gene flow can be helpfumaintaining
genetic diversity in small populations (Patiral., 2003; Consuegret
al., 2005). For instance, the EZeruona populatiomfdra river sub-
basin (NJE) has one of the smallest parr densatmesng Lithuanian
sea trout populations and nevertheless exhibitdagively high level
of genetic diversity, similar or even higher th&wge found in much
larger populations. This can be explained by n#ijucecurring gene
flow as we found that this population receives ldrgest number of
migrants from other rivers. The gene flow is of lsuwagnitude that
prevents loss of genetic diversity but preserveetie differences.
Therefore, magnitude and asymmetry of natural dewve could be
very important for the preservation of genetic a&hility in the
Lithuanian sea trout.

It is obvious that geographic distance between labijpns can
be important contributor to genetic structure butcontrast to many
other studies of salmonids (Boudaal., 1999; Carlsson and Nilsson,
2000; Ruzzantet al., 2001; Campost al., 2007; Palstrat al., 2007),
we did not detect significant correlation betweerographical and
genetic distances when all populations were consiieHowever,
when the enhanced populations were excluded framattalysis the
correlation became highly significant. Consequentigtural patterns
of isolation-by-distance could be modified by hunmapact through
transplantations of trout between populations. d¢agdewe found a
relatively high migration rates between wild andhamced sea trout

87



populations that belong to different river basif®or example,
migration rate from ADF to NDL and from NMB to N3&s 0.04 and
0.08, respectively, whereas the waterway distanesvden these
populations was 294 km and 248 km, respectivelys Shggests the
possibility of transplantation of juveniles betweeitdd and enhanced
populations.

Altogether, our results showed relationships bebhnvgenetic
diversity, gene flow and population structure ofhlianian sea trout.
It is obvious that genetic diversity and populatganetic structure of
Lithuanian sea trout reflects contemporary dispeasal gene flow,
both natural and human mediated. The larger pouiothe genetic
diversity revealed in this study is distributed amopopulations
within geographical regions than between regioree proportion of
variance attributable to differences between regiovas highest
(4.13%) when only wild populations were consideradanalysis.
Furthermore, the genetic structure of wild sea ttqpapulations fit
isolation by distance model where geographicaladsts between
populations are important, whereas no evidencelithaed gene flow
between remote populations is an important faaborttie observed
genetic structure was apparent when all studiedulptipns were
considered. Consequently, human mediated genefftow stocked to
wild populations alters hierarchical as well as tighapopulation
structure of Lithuanian sea trout. It is also ewnigdé¢hat asymmetrical
and distance restricted natural gene flow betweish populations is
one of the fundamental contributor to the geneticucture of
Lithuanian sea trout. Asymmetrical and quite extengene flow may
also determine relatively small genetic differenaesng rivers in this
region as well as maintenance of genetic diveraity counteraction
inbreeding in small populations by immigration fréemger ones.

6.5 Implications for management of salmon and searadut
populations

This study provided the detailed information on éneount of
genetic diversity and distribution of genetic véioa between and
within populations, i.e. information on the spatighetic structure, of
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salmon and sea trout in Lithuania. This knowledge e useful and
must be incorporated into management actions of@aknd sea trout
recourses in Lithuania.

This study reported high levels of genetic divgrdibth in
wild and enhanced populations. It was also foundngportance of
geographic region to genetic differences. Theddirigs were ascribed
to proper Lithuanian stocking program that is basedvild spawners
of local origin. There are a number of studies shgwhat releases of
populations of non-local origin have affected wildpulations. It was
demonstrated that releases of non-native hatcheayed salmon
caused genetic homogenization between wild populati and
hatchery stocks (Vasemagial., 2005b) as well as altered the genetic
integrity of unique gene pools of wild trout sinsecked and wild
trout interbreed (Apostolidigt al., 2008). It was also evident that
stocking with non-indigenous trout has disturbegl genetic patterns
of wild populations (Moraret al., 2005) and caused introgression of
exotic alleles and even domination of them in istesly stocked
populations (Juget al., 2005). All these threats, consequently, can
disrupt local adaptations and reduce fitness al wilpulations (Utter,
2001; Alendorfet al., 2001).

Also there is empirical evidence that maintainimgpylations
in hatcheries for several generations may causetiveggenetic
effects. For example, Saisa et al. (2003) assegseetic changes in
two Atlantic salmon stocks in Finland by comparimgenetic
parameters of these stocks before and after long{40 and 33 years
respectively) captive breeding and found that hetchroodstocks
experienced significant decrease in allelic riclnesnd mean
heterozygosity. Similarly, Ah@t al. (2006) found that in hatchery
broodstocks of sea trout in Finland genetic divgrdiecreased over
time since founding and that the size of foundimguation is an
important factor for the level of genetic varialyiliover time.
Similarly, positive correlation was found in Atlamisalmon between
mean heterozygosity and number of founder indiMgl{&erspoor,
1998).
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Genetic changes in hatchery stocks that have lesmed in
captivity for several generations can result inesewnegative effects
on wild populations they interact with. A 37-yeatsidy of Atlantic
salmon in Ireland showed that release of captieel Isalmon into the
wild can substantially disrupt the capacity of matypopulations to
adapt to higher winter water temperatures assatiatiéh climate
variability (McGinnity et al., 2009). Similarly, Hansest al., (2010)
examined Danish populations of brown trout thatensupplemented
by hatchery releases for 60 years and found evadehcontemporary
selection in wild populations against alleles idtroed by hatchery
strain trout.

Supportive breeding in Lithuania is based only oitdw
breeders. All produced offspring are released ithéorivers, thus the
brood-stock is obtained from the wild every yeahisTtype of
stocking is referred as supportive breeding (Haresezh.,, 2000b) to
differentiate it from other forms of stocking. Ré&suof this study
indicated that this breeding practice is adequate rhaintaining
genetic diversity levels similar to the wild poptidgas.

Even though supportive breeding has advantages over
stocking with non-local or farm-reared domesticafesth, it is not
without its problems. Several studies showed thahe short period
in a hatchery can result in reduction of survivald aeproductive
success because hatchery environment alter belmanduphysiology
and also because genetic changes that arise ddéféoential or
relaxed selection (Gloveet al., 2004; Sundstromet al., 2004).
Consequently, the period in the hatchery shouldabeshort as
possible.

It was evident that genetic diversity can decréadatcheries
because of breeding related individuals or usirgmall numbers of
parents (Norrigt al., 1999). The fish brought into captivity have more
offspring than the wild fish if the breeding progras successful.
Therefore, if a limited number of parents is usatireeding and loss
of genetic variability in the naturally spawningpguation can occur
because higher reproductive rates of reared fisdctaf the overall
effective population size (Ryman and Laikre, 19®yman 1994;
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Ryman et al., 1995; Waples and Do 1994; Nomura 1999). It is
recognized that the number of unrelated individdalsding the new
population should be as large as possible and d¢senptt least 50
genetically effective founders (Allendorf and RymaR87). The
reason of reduced effective population size alsobeathe unequal sex
ratio; therefore an equal number of each sex shoeldsed, with at
least 25 of each sex. Therefore, to preserve a$ mewcetic variation
as possible, it is also essential to optimize brepgrogrammes with
regard to number of parents, relatedness of breaatat sex ratio of
breeders.

Genetic effects of stocked individuals also depeon
population genetic structure of wild populationgd ahe degree of
genetic divergence between the released individaats the wild
population. This study revealed that Lithuanian seat populations
form three main population groups that correspantthitee main river
basins: Akmena-Dan Bartuva and Nemunas. It was also obvious that
there is genetic structuring at the level of trdvigs. Therefore,
management strategies of Lithuanian sea trout dhdake into
account that populationghabiting different rivers and different
tributaries of the same river are genetically ddfdgiated andghould
be regarded as a separate distinct populationssegaently, adults
used for stocking should be taken from the sanimutaiy and the
progeny should be released in the same tributagydar to maximize
their chances of survival and recruitment. Existiegidence that
relocation of fish from one neighbouring geographigroup to
another during stocking practices was not very essful (as
influence of stocked fish to wild populations wasylittle) (Senstebg
et al.,, 2007) and low survival of even moderately diéfaiated
hatchery fish compared to the local wild populat{dtansenet al.,
2000a) provide empirical support that conservasimategies must be
based on local populations.

This study revealed close genetic similarity betwenhanced
population of Akmena-Dan (ADF) and Luk® population from
Dubysa river sub-basin that belong to the Nemumasl(NDL). The
genetic relationship between populations that iithdifferent river
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basins may be attributable to enhancement of Akrara with
hatchery reared individuals originated from Nemuresin. This
study also suggested that human mediated genefiftoa stocked to
wild populations alters hierarchical as well as tigphapopulation
structure of Lithuanian sea trout. Fish translasaibetween different
river basins, particularly between Nemunas and Alari@are and
also between different rivers basins within Nemubasin, could
result in greater within-region variation in comigan with between-
region variation and no detection of isolation-bgtaince effect.
According these findings, translocations betweears that belong to
different river basins, as in the case of Akmenadand Dubysa,
should be strictly avoided and concerning riversNamunas river
basin, appropriate procedures ensuring that hatcherared
individuals originated from one river sub-basinlwibt be released in
other, should be developed.

Some recent empirical studies provided evidence for
asymmetric gene flow from large to small population salmonid
fishes and predicted that it can be important faintaining genetic
diversity and countering inbreeding depressionnrals populations
and that possible future population recoveries Vodl mediated
primarily by the remaining large populations (Cogrpaet al., 2005;
Palstraet al., 2007; Fraseet al,. 2007; Hansert al., 2007). This
study also indicated asymmetric pattern of conteaamyogene flow in
Lithuanian sea trout populations and suggestedittipaévents loss of
genetic diversity in relatively small natural pogtibns (as in the case
of EZeruona population). It was also evident thiasently largest wild
populations (NMB and NMM in Nemunas river basin, BBnd BP in
Akmena-Dag and Bartuva river basin, respectively) are thenmai
donors of migrants in corresponding region; thewefit is very
important to these populations should be managey earefully.
Even if contemporary dispersal occurs predominafrtyn current
large census populations into smaller populatitorsy-term patterns
can be quite different, with small populations fiimging as sources
of gene flow (Palstraet al., 2007). Therefore it is important to
continue focusing conservation efforts on smallersv Special
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attention must be paid to EZeruona frotwalriver sub-basin and
Eket from Akmena-Daa river basin because these populations have
several very rare alleles and EZeruona has twaterialleles that can
be easily lost.

Another very important result of this study is thldie to
relatively extensive contemporary gene flow withiver basins,
inappropriate genetic manipulation of fish in onepplation may
negatively affect the whole river system. One @ thost important
issues in conservation programmes is re-introdoctod former
salmon or trout rivers. According recent studidse tbest donor
populations for such reintroductions are geograglyicproximate
wild populations (Vaseméagt al., 2005a).

The important concept in the management of thredten
salmonid species is effective population siXe)( Ne is a measure of
the rate of genetic drift and is directly relatedthe rate of loss of
genetic diversity and the rate of increase in ialdineg within a
population. The rate of loss of genetic diversityedo genetic drift is
grater in populations with smale and this rate is expected to
increase adle decreases (Frankhaghal., 2002). Therefore in order
to understand how genetic diversity in the stodkattantic salmon
and sea trout in Lithuania may be affected in tterk, it would be
useful to knowNe of each population.

This study provides basic information regarding rear
genetic composition and population genetic stractof Atlantic
salmon and sea trout. This information can cortstitimportant
prerequisite for genetic monitoring that is neeftmdidentifying and
preserving gene level diversity.

Based on the results of this study the followingpramendations
for management are suggested:

1. Breeding practice that is based on wild breedery o
adequate for maintaining genetic diversity levatslar to the
wild populations and for avoidance of negative dgene
changes in wild populations. Maintaining a hatchery
broodstock will result in the problems of domedima
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. To preserve as much genetic variation as posdibige,also
essential to optimize breeding programmes with nkga
number of parents, relatedness of breeders andasiex of
breeders.

. Management strategies of Lithuanian sea trout shtake
into account that populatiorishabiting different rivers and
different tributaries of the same river are geratiyc
differentiated andshould be regarded as a separate distinct
populations. Consequently, adults used for stockhmuld be
taken from the same tributary and the progeny shdd
released in the same tributary in order to maximtzances of
survival and recruitment.

. Translocations between rivers of different rivesiba, as in
the case of Akmena-Danand Dubysa, should be strictly
avoided. Appropriate procedures preventing releasés
hatchery reared individuals into other river bathan their
origin, should be developed for Nemunas river hasin
. Indicated asymmetric pattern of contemporary gdoe in
Lithuanian sea trout populations can be importaot f
maintaining genetic diversity and countering inloiiag
depression in small populations. Therefore, prégdatgest
wild populations (NMB and NMM in Nemunas river basi
ADB and BP in Akmena-Dan and Bartuva river basin,
respectively) should be managed with special regard
. Special attention must be paid to conservationresfion small
rivers such as Ezeruona frorird river basin and Ekefrom
Akmena-Dag river basin. These populations have several
very rare alleles and EZeruona has two privatdeslignat can
be easily lost.

. Due to relatively extensive contemporary gene flawthin
river basins, inappropriate genetic manipulatiorfigf in one
population may negatively affect the whole riverstgyn.
Therefore, the best donor populations for re-intitighns of
former salmon or trout rivers are geographicallpximate
wild populations.
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8. It is necessary to implement genetic monitoringgpam that
is needed for identification of diversity changégane level
and preserving existing genetic recourses.
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7. CONCLUSIONS

Level of genetic diversity in Lithuanian salmon as&h trout
populations was high despite recent population size
bottlenecks in many of them. All examined river ibas
exhibited similar levels of genetic diversity in itep of
significant differences in the estimates of theimo#t
production.

Most of the tributaries of the Nemunas river alssplhyed
similar levels of genetic diversity, the only extieps were
the tributaries Dubysa and Minija. Higher rateggehetically
effective immigrants even from different river basiould be
the reason of increased genetic variation in Dubjgex in
comparison to Minija river.

Level of genetic diversity in wild, enhanced andniad
populations of salmon and sea trout in Lithuania waite
similar that is consistent with the Lithuanian softive
breeding program that is based only on wild spagpétocal
origin.

Populationsnhabiting different rivers and different tributesi
of the same river were genetically differentiatBapulation
structure of analyzed sea trout populati@esresponded to
three main river basins: Akmena-Ban Bartuva and
Nemunas. Structuring within Nemunas basin was fogmitly
weaker.

Genetic structure of wild sea trout populationgeéitisolation
by distance model, whereas it was not relevant wakn
studied populations were considered. Similarlyppréon of
variance attributable to differences between regiovas
highest when only wild populations were consideiiad
analysis. Consequently, human mediated gene flawn fr
stocked to wild populations alters hierarchical vasll as
spatial population structure of Lithuanian seattrou

Spatial diversity of Lithuanian sea trout populaavas more
important constituent of total genetic diversityanhtemporal
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variation therefore Lithuanian sea trout populaionere
temporally stable.

Lithuanian sea trout was characterized as a papualaystem
with asymmetric andlistance restricted@ontemporary gene
flow where larger populations acted as sources of ntigran
and smaller populations acted as recipients andevbgene
flow between different river basins was more restd than
within river basins.

Future management strategies should consider rivaigeof
individual populations even at tributary level aksuring the
natural levels of gene flow among populations.
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