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INTRODUCTION

Relevance of the study. In order to create a sustainable exploitation of populations of the
commercialy valuable fish species with the aim to protect their genetic resources, it is necessary
to gather a great mass of data based on the population genetic structure of such fish species
(Laikre et al. 2005a). The most common definition of population genetic structure is the
distribution pattern of genetic diversity within and between populations. The formation of this
structure depends on processes that occur during fish spawning. Differently from the Hardy-
Wainberg theoretical model wild populations in each of their generations have relative volatility
of population genetic structure due to the fact that frequencies of alleles and genotypes in wild
population are unstable. An exhaustive examination of population genetic structure gives the
opportunity to create the strategy of sustainable exploitation of resources at a genetic diversity
level (Hauser & Carvalho 2008) and preserve the genetic diversity of the species (Laikre et al.
2008). Unfortunately, investigations into the field of population genetics of many fish species
are either very fragmentary or they are not carried out at all nowadays. In addition, the fish
resources management plans do not always take into account the already existing data about the
population genetic structure of exploited fish species.

Quite recently two genetic studies of representatives of Salmo genus have been initiated in
Lithuania (Leliina 2008, Samuilovien¢ 2012). These studies increased our knowledge about the
impact of artificially reared individuals, which were later stocked in Lithuanian water bodies, on
the formation of the population genetic structure of the commercially exploited fish species. The
subject of this thesis associated with the European eel Anguilla anguilla (L.) research differs
from the previous genetic studies of salmonid fish species in two aspects. Firstly, differently
from the spawning of salmon that of the eel takes place not in the locations where eels were
stocked but in the Sargasso Sea because the eel is a catadromous fish species. Secondly, due to
the fact that eels stocking is based on catching of young eels in one geographic location
followed by releasing them for rearing into water bodies located in other geographic location the
eels were introduced to represent a part of the natural eel population. Because of these two
aspects the investigations that aim at clarifying the impact of stocking on the formation of the
population genetic structure of the eel are complicated. Since Anguilla spp. stocking is not
restricted to the introduction of various young eels in just one continent, nowadays the natural
distribution of several species of Anguilla genus, including A. anguilla, is changed.

Alongside the research of freshwater eels, the Eurasian perch Perca fluviatilis L. as a
species, which is prevalent in the continent, was additionally investigated in this thesis. This was
done in order to reveal the peculiarities of formation of the population genetic structure of the



commercially exploited fish species, which were affected by the different types of
anthropogenic impacts. Differently from the freshwater eels, peculiarities of the population
genetic structure of Eurasian perch was studied in natural dwellings of Lithuanian and Latvian
inland water bodies. The newly obtained data were compared with the data obtained by previous
studies of this species (Nesbg et al. 1998b, Refseth et al. 1998, Nesbg et al. 1999, Sruoga et al.
2007b). The accumulated data on the perch mtDNA D-loop region make it possible to reveal the
phylogeographic patterns specific to this species in the Baltic States.

Due to several objective reasons main attention in this work was devoted to mtDNA
research. Despite the fact that great progress in genetic investigations into the European eel has
recently been achieved using DNA microsatellite markers, much less attention has been given to
the studies of the population genetic structure of the eel using mtDNA markers. Prior to
undertaking this thesis two articles (Lintas et al. 1998, Daemen et al. 2001), whose results were
based on the eel mtDNA D-loop region and cyt b research, were published. It is worth
mentioning that the conclusions about the panmixia hypothesis in this species that the authors
drew were contrary to each other. In addition, investigations based on the eel DNA
microsatellites analysis are insufficiently informative to clarify the intraspecific evolution of this
species. Therefore, population genetic studies, which are based on the analysis of the European
eel mtDNA sequences, are relevant and important today. The newly established DNA sequences
of the studied fish species obtained when carrying out the thesis were combined with the data
obtained by other researchers. This decision gave us the opportunity to carry out our
investigations at a global level. The examination of the analogous mtDNA sequences of the
different species makes it possible to compare the levels of genetic diversity, ascertain other
important genetic parameters of the populations and expand our knowledge about the population

genetic structure of the commercially exploited fish species.

Scientific innovation of the study:

1. Identification of A. anguilla and A. japonica species based on discriminating the eel samples
of uncertain origin using the originally constructed primer pair Angl designed for
amplification of partial D-loop sequences was applied for the first time.

2. The genetic diversity of European eel was comprehensively studied in Lithuania and Latvia
using DNA microsatellites and mtDNA molecular markers for the first time.

3. The comparison of the genetic diversity of the eel groups naturally recruited and introduced

to Lithuania and Latvia was made for the first time.



4. The population genetic structure of the perch inhabiting Lithuanian and Latvian water bodies
was comprehensively studied using the mtDNA D-loop region molecular marker for the first
time.

5. The impact of Ignalina Nuclear Power Plant on formation of the population genetic structure
of perch using molecular DNA markers was studied for the first time.

Scientific and practical significance. Today European eel is considered to be a critically
endangered species. Despite the fact that during the last decades this species has been
comprehensively studied, at the present time we still lack basic knowledge of the life cycle, the
intraspecific evolution, spawning grounds, reproduction, the population genetic structure and
behaviour of this fish. The results of the thesis that are based on the eel mtDNA molecular
markers are relevant and important to a better understanding of the population genetic structure
and the intraspecific evolution. Besides, they are important from the practical point of view
because new data from the genetic studies can be of use to the protection of this species by
creating sustainable exploitation plans. For instance, the comparison of parameters of the
genetic diversity of the eel groups naturally recruited (ATPL) and introduced (INTR) to
Lithuania and Latvia provides a background for eel management and provides solutions of the
issues related to the eel stocking. Creating and applying a new molecular approach to the
identification of A. anguilla and A. japonica species also increases the practical importance of
the work.

The thesis also reveals phylogeographic patterns of the Eurasian perch in the Baltic States.
The collected molecular data revealed a more comprehensive picture of the perch genetic
diversity and are of importance to the analysis of changes in the genetic diversity that may have
been caused by the anthropogenic activity.

The objective and tasks of the study. The main objective of the study is to examine the
intraspecific genetic diversity of A. anguilla and P. fluviatilis species using DNA microsatellite
and mtDNA markers seeking to assess a possible anthropogenic impact on the formation of the
population genetic structure of the commercially exploited fish species. The following tasks
were set to achieve this objective:

1. To determine the eel species from the samples of uncertain origin using originally
constructed primer pair that was designed for studying the A. anguilla mtDNA D-loop
region.

2. To ascertain parameters of the intraspecific genetic diversity of the eel using DNA

microsatellite and mtDNA D-loop region and cyt b markers.



3. To evaluate a possible stocking impact on the formation of the population genetic structure
of the eel by comparing the genetic diversity between the eel groups naturally recruited and
introduced to Lithuania and Latvia.

4. To ascertain the genetic diversity of the perch inhabiting Lithuanian and Latvian water
bodies using the mtDNA D-loop region molecular marker.

5. To compare the genetic diversity of the perch populations inhabiting the Baltic States and
other European countries.

6. To ascertain parameters of the genetic diversity of the perch populations inhabiting
Lithuanian and Latvian water bodies and compare it with the respective data of the perch
population in Lake Driiksiai in order to evaluate the possible anthropogenic impact on the

formation of population genetic structure.

Statements to be defended:

1. The originally developed primer pair designated to amplify the mtDNA D-loop region
enables a reliable discrimination of A. anguilla and A. japonica species to be made.

2. Based on DNA microsatellite and mtDNA studies the population genetic structure of the eel
is characterized by a genetic mosaic, which is formed due to the existence of reproductively
isolated groups.

3. Based on mtDNA markers the statistically significant genetic differentiation between the eel
groups naturally recruited and introduced to Lithuania and Latvia has not been determined.

4. The eels living in different lakes of Lithuania are characterized by a different genetic
diversity according to DNA microsatellite and mtDNA markers.

5. The perch populations inhabiting the inshore zone and the western part of Lithuania and
Latvia are characterised by a different genetic diversity in comparison to the perch
populations inhabiting the eastern continental part of both countries.

6. Prevalence of the representatives of haplogroup B of the mtDNA D-loop region is
chracteristic of the perch population inhabiting the continental part of the Baltic states but it

is rare in other European regions.

Scientific approval and publications. The results of the present study were published in 4
scientific articles and 5 abstracts of international conferences reports. In total, 5 oral and one
poster presentations have been made on the subject of the thesis at the conferences that took

place in Lithuania, Latvia, Taiwan.



Structure of the thesis. The thesis consist of the following chapters: Abbreviations,
Introduction, Literature review, Material and methods, Results and Discussion, Conclusions,
Reference list, Articles on the subject of the Thesis, Abstracts of conference reports,
Acknowledgements, Appendix. Without Appendix the number of the thesis is 165 pages, it
contains 33 tables and 26 figures. The thesis is written in the Lithuanian language.
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LITERATURE REVIEW

In this chapter the author reviews research subjects, i.e. the European eel and the Eurasian
perch, their population genetics, the population genetic structure of fishes and their types, the
anthropogenic impact on the formation of the population genetic structure of commercially
exploited fish species and microsatellite DNA and mtDNA markers.

MATERIAL AND METHODS

Sampling. In the course of work a a total of 221 eels and 262 perch were analysed. All
studied eels were yellow eels or silver eels. Some part of the eels was obtained from the
Klaipéda Customs Office when the shipment of 25 t of eels was arrested in the Sea Port of
Klaipéda in the autumn of 2009. The supplier claimed that all frozen fish in the cargo were

Japanese eels. The remaining eels, as well as the perch, were caught in various locations in



Lithuania and Latvia. Detailed information about the collected fish samples is presented in
Table 1.

Table 1. Location, time and sample size of fishes that were used for research.
1 lentelé. Tyrimams panaudoty Zuvy sugavimo vieta, laikas, méginiy skaicius.

Species Location / Coordinates / Code Sa_lrf;r;:]l;ng Sample Size
Lake Balsys / 54° 47' 43" N, 25° 19’ 6" E / BAL 07-2009 30
Baltic Sea (near §Ventoji) /56°1'31"N,21°4'54"E/BJ 07-2005 40
e o o1 eom 09-2004 8
Lake Dringis/ 55°22' 11" N, 26° 5' 57" E / DRI 08-2006 15
. United Kingdom (Coast of England) / UK 2007 1
Anguilla : 07-2004 8
anguilla Curonian Lagoon / 55°21' 0" N, 21° 12" 0" E/ KM 07-2006 10
Gulf of Riga/57° 20" 0" N, 23°7'0" E/RI 09-2005 14
01-2006 20
Lake Siesartis / 55° 13’ 9.24" N, 25°29'25.54" E / SIE 05-2006 21
03-05-2010 23
A. japonica®® Unknown* 10-2009 31
Lake Babites / 56° 55" 23" N, 23°45' 1" E/ BAB 06-2010 24
Lake Cirtsu/ 56° 8 0" N, 26° 58' 0" E/ CIR 2011 38
e et 1o et _ 06-2009 45
Lake Druksiai / 55° 37’ 17" N, 26° 36' 21" E/ DRU 062010 8
Lake Kalezers / 56° 51' 44" N, 25° 49" 42" E | KAL 07-2010 24
Lo Lake Metelys/54°17' 51" N, 23°46' 18" E/ MET 10-2010 19
Perca fluviatilis Nemunas River (Lower part) / 55° 12’ 10.8" N, 06-2009 14
21°30'50.4" E/ NEM 09-2010 18
Neris River (near Nemenciné) / 54° 51' 43.64" N, 07-2009 10
25°24"4,70" E/ NER 07-2010 6
Lake Plateliai / 56° 2’ 50" N, 21° 51' 23" E/ PLA 08-2010 20
Lake Sventes / 55° 51 0" N, 26° 21' 0" E / §Z 2011 36

e — samples of fish tissues were obtained from the Klaipéda Customs Office when custom officers requested to
determine the species of the frozen eels individuals of uncertain origin; e — it was declared by supplier that the
eels belonged to A. japonica species; A — the eels caught in Lithuania and Latvia were preliminary ascribed to A.
anguilla species because the available data indicated that the stocking activity in Lithuania was based on European
eels.

Based on the data of A. anguilla otolith research (Shiao et al. 2006, Lin et al. 2007) the
eels caught in the Baltic Sea, the Curonian Lagoon and the Gulf of Riga were ascribed to
naturally recruited (ATPL) eel group, while eels samples from Lake Balsys, Lake Dringis and

Lake Siesartis represented introduced (INTR) eel group.

Primer pairs Angl and Ang2 designed for the molecular analysis of the eel. The
characteristics of the primer pairs designed for the amplification of different mtDNA regions is
presented in Table 2.

Both primer pairs were designed in the Laboratory of Molecular Ecology based on a

comparative analysis of Anguilla spp. mtDNA sequences that were deposited in the GenBank

using Primer3 program (Rozen & Skaletsky 2000).
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Table 2. The characteristics of the primer pairs designed for the amplification of different mtDNA

regions.
2 lentelé. MtDNR regiony amplifikacijai skirty pradmeny charakteristikos.
Species Region Primer Pair Primer Sequences (5°-3°) T, °C bp
) . F: tcggttttgtaatccgaaga 59
. . D-loop Angl R: ccaaatgccagtaatagttcatttta 59 610
Anguilla anguilla ;
cyth Ang2 F: tggcaaacctacgaaaaacc 57 547
R: aagtggaatgcgaagaatcg 57

e — This primer pair was also used for the amplification of A. japonica D-loop region.

Procedures in the laboratory. DNA was extracted from frozen or ethanol preserved
muscle tissues using the previously described method (Aljanabi & Martinez 1997) with slight
variations. DNA amplification of eels was carried out using the Angl and Ang2 primer pairs,
originally constructed in the Laboratory of Molecular Ecology of the Institute of Ecology of
Nature Research Centre, and AF237898, AF237899, AF237900, AF237901, AF237902 primer
pairs (Wirth & Bernatchez 2001). The perch mtDNA D-loop region amplification was carried
out using the HV2 and CSB-D primer pair (Nesbg et al. 1998a). DNA sequencing was carried
out in the Sequencing Centre of the Institute of Biotechnology and in the Laboratory of

Molecular Ecology of the Institute of Ecology of Nature Research Centre.

The determination of eel species. In order to determine the species of eels, which were
obtained from the Klaipéda Customs Office or caught in various locations in Lithuania and
Latvia, it was decided to conduct a phylogenetic analysis of DNA sequences. The eel species
were determined by constructing the UPGMA dendrogram (Michener & Sokal 1957), which is
based on the alignment of mtDNA D-loop region sequences of the eels of uncertain origin
together with 450-455 bp length A. anguilla, A. japonica and A. rostrata sequences deposited in
the GenBank under accession numbers AJ225953, AJ225956, AJ225969, AM997243,
AM997253, AM997255, AM997258, M95867, AB030662, AP007249. The construction of
UPGMA dendrogram was carried out using CLC Sequence Viewer 5.1.1 (www.clcbio.com)

program.

Statistical analysis of A. anguilla DNA microsatellites. Relative sizes of alleles in all
loci were determined by examining DNA fragments in electrophoretograms. For this purpose
TotalLab v1.10 (Amersham Biosciences) program was used and for the purpose of comparing
the available results of DNA sequencing of the chosen European eel individuals were used.
Genetic distances (Nei 1972) were calculated using TFPGA v1.3 (Miller 1997) program. F
statistics (Fst, Fis and Fi) (Cockerham 1973, Weir & Cockerham 1984) and significance levels
of genetic differentiation, i.e. genic differentiation (Raymond & Rousset 1995a) and genotypic

11




differentiation (Goudet et al. 1996), were calculated using GENEPOP (Raymond & Rousset
1995b, Rousset 2008) program.

MtDNA sequence analysis. A total of 229 sequences whose length was 493 bp were used
for the sequence analysis of the European eel mtDNA D-loop region. Out of these 229
sequences 148 sequences were established during work (the sequences of the different
haplotypes are deposited in the GenBank under FJ707255-FJ707280 and JX162682-JX162753
accession numbers), while 81 sequences were deposited in GenBank by the previous
researchers.

A total of 201 sequences whose length was 392 bp were used for the sequence analysis of
the European eel mtDNA cyt b. Out of these 201 sequences 82 sequences were established
during the work (currently the sequences of the different haplotypes are not available in the
GenBank), while 119 sequences were deposited in GenBank by the previous researchers.

A total of 807 sequences whose length was 389-400 bp were used for the sequence
analysis of the perch mtDNA D-loop region. Out of these 807 sequences 262 sequences were
established during the work (the sequences of the different haplotypes are deposited in the
GenBank under HM992571-HM992578 and JX034742-JX034749 accession numbers), whereas
545 sequences were established by the previous researchers (Nesbg et al. 1998b (in total 66
sequences), Refseth et al. 1998 (in total 109 sequences), Nesbg et al. 1999 (in total 313
sequences), Sruoga et al. 2007b (in total 56 sequences) and one sequence that was deposited in
the GenBank (EF118012)).

The alignment of DNA sequences of the studied fish species and the construction of NJ
trees (Saitou & Nei 1987) was carried out using CLC Sequence Viewer 5.1.1 and/or MEGA 4
(Tamura et al. 2007) programs. DNA sequences were aligned using ClustalW (Higgins et al.
1994) algorithm when MEGA 4 program was used.

The number of polymorphic sites in the DNA (S), a total number of mutations (), the
haplotype diversity (h) (Nei 1987), nucleotide diversity (z) (Lynch & Crease 1990), the average
number of nucleotide differences (K) (Tajima 1983), the divergence between groups of
sequences as measured by the uncorrected average number of nucleotide substitutions per site
between populations (Kxy) (Nei 1987) and the fixation index (®st) (Hudson et al. 1992b) with
the significance levels of genetic differentiation (p) (Hudson et al. 1992a) were estimated using
the DNASP 4.50.3 program (Rozas et al. 2003). All deletions were considered as the 5th
position (A, C, G, T, -), but sequences that had > 5 bp length deletions were removed from the

analysis when calculations using DNASP 4.50.3 program were made.
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Haplotype networks were constructed using the median joining (MJ) algorithm (Bandelt et
al. 1999) that was installed in the NETWORK 4.6.1.0 program (www. fluxus-
engineering.com/). In order to simplify the haplotype network that consisted of the European eel
mtDNA D-loop region sequences it was decided to use the additional maximum parsimony
(MP) algorithm (Polzin & Daneshmand 2003) that was also installed in the NETWORK 4.6.1.0
program. The construction of the complex haplotype network that comprised the European eel
mtDNA D-loop region sequences was based on the additional DNA Alignment 1.3.1.1.
program, whereas the data for constructing other haplotype networks was entered manually in
the NETWORK 4.6.1.0 program. While constructing haplotype networks all positions with gaps
were included into the analysis but mtDNA sequences, which had > 5 bp length deletions, were
eliminated from the analysis. Based on the haplotype networks related mtDNA sequences were
combined together to haplogroups. The haplogroups were distinguished and haplotypes were
attributed to one or another haplogroup on the basis of the following criteria: the number of
mutational steps between sequences representing different haplotypes, the haplotype frequency,
the number of mutational steps, which seperates several rare haplotypes from the haplotype with

greater frequency that connects them all.

RESULTS AND DISCUSSION

Molecular investigations of Anguilla anguilla

The determination of the eel species. DNA amplification based on Angl primer pair,
which was designed for the amplification of the mtDNA D-loop region of the European eel, was
successful using all available eels samples. After the investigated eel sequences and homologous
mtDNA D-loop region sequences (450-455 bp length) collected from GenBank have been
aligned it has became clear that all the investigated sequences of the eel caught in Lithuania and
Latvia belonged to A. anguilla species and all investigated sequences of the eel obtained from
Klaipéda Customs Office belonged to A. japonica species. The investigated eel sequences were
attributed to particular species based on their individual groupings with established A. anguilla,
A. japonica and A. rostrata sequences in UPGMA dendrogram. In Fig 1 sequences of the eels
obtained from Klaipéda Customs Office are grouped with the sequences belonging to A.
japonica species forming a seperate cluster that is separate from other two clusters of sequences
that represent A. anguilla and A. rostrata species. In this figure four sequences (GenBank:
FJ707257, FJ707264, FJ707265, FJ707273) that belong to A. anguilla cluster were established

during the work and represent the European eels caught in Lithuania and Latvia.
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Fig. 1. UPGMA dendrogram constructed on the basis of homologous sequences (450-455 bp length) of
mtDNA D-loop region of A. anguilla, A. rostrata and A. japonica species and 35 investigated eels of
uncertain origin (FJ7072°°; Anguilla sp. Ang1-R°®®°).

1 pav. Zinomos rii§inés priklausomybés individy, priklausanéiy A. anguilla, A. rostrata ir A. japonica
rasims bei 35 tiriamojo ungurio (FJ7072°°; Anguilla sp. Ang1-R***) mtDNR D-kilpos regiono 450-455
bp ilgio homologiniy seky pagrindu sukonstruota UPGMA dendrograma.

Analysis of DNA microsatellites. After microsatellite analysis of 114 European eels has
been completed the smallest number of alleles was detected in the Ang101 locus (7 alleles),
while the greatest number of alleles was detected in the Aro121 locus (13 alleles). 9, 8 and 11
alleles were determined in the Aro063, Ang151 and Ang114 loci, respectively. The results of the
analysis (Table 3) that was based on all available eel samples obtained from Lithuania and
Latvia revealed a slight but statistically significant genetic differentiation (Fst = 0.0084, p <
0.01, both by genic and genotypic differentiation). Statistically significant genetic differentiation
between ATPL and INTR groups of the eels was not determined (Analysis Il1). Slight but
statistically significant genetic differentiation between the samples of the eels caught in Lake
Dringis and Lake Siesartis was determined (Analysis IV; Fst = 0.0157, p < 0.01, both by genic
and genotypic differentiation). The obtained values of F\s and F;r of different analyses were

similar.
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Table 3. Obtained values of F statistics (Fsr, Fis ir Fi) between different comparisons of the eel samples
based on DNA microsatellite data.

3 lentelé. Apskai¢iuotos A. anguilla DNR mikrosatelity F statistikos (Fst, Fis ir Fi) vertés tarp jvairiy
lyginamy im¢iy kombinacijy.

Analysis | N | Comparisons of Samples Fst Fis Fir

0.0084
BJ2005 / KM2004 / KM2006 / R[2005 /

' ° | % | DRI2004/DRI2006 / SIE2006a/SIE2006b | 0% | P2 | 02T
0.0049

I 5 | 114 BJ2005 / KM / R12005 / DRI/ SIE oo 0.254 | 0.2576
A

i 2 | 114 ATPL /INTR 0.0014 | 0.2563 | 0.2573
0.0157

v 2 64 DRI/ SIE oo 0.2555 | 0.2672
AA

Genic differentiation: @ — p < 0.05, ee — p < 0.01; Genotypic differentiation: A — p < 0.05, A A — p < 0.01;
BJ2005 — eels caught in the Baltic Sea in 2005; KM2004 — eels caught in the Curonian Lagoon in 2004; KM2006 —
eels caught in the Curonian Lagoon in 2006; RI2005 — eels caught in the Gulf of Riga in 2005; DRI2004 — eels
caught in Lake Dringis in 2004; DRI2006 — eels caught in Lake Dringis in 2006; SIE2006a — eels caught in Lake
Siesartis in 01-2006; SIE2006b — eels caught in Lake Siesartis in 05-2006; KM — eels caught in the Curonian
Lagoon; DRI — eels caught in Lake Dringis; SIE — eels caught in Lake Siesartis; ATPL — eels naturally recruited to
Lithuania and Latvia; INTR — eels that were introduced to Lithuanian lakes; N — the number of samples; | — total
number of investigated eels.

Genetic variability of mtDNA D-loop region sequences. Values of dsr and p of
different comparisons of the eel samples whose calculations were based on the available

European eel mtDNA D-loop region data are presented in Table 4.

Table 4. Values of the fixation index (®st; below diagonal) and significance levels of genetic
differentiation (p; above diagonal) between different comparisons of the eel samples; these values were
calculated using A. anguilla mtDNA D-loop region data.

4 lentelé. Geneting diferenciacija tarp jvairiy unguriy im¢iy kombinaciju atspindincio fiksacijos indekso
®g7 (zemiau jstrizainés) ir $io rodiklio patikimumo p (vir§ istrizainés) vertés, nustatytos naudojant A.
anguilla mtDNR D-kilpos regiono duomenis.

n SP AVR SJIR VJR ATPL INTR
SP 96 0.3636 - 0.4577 - 0.4093
AVR -0.00014 20 0.3850 0.397 0.4073 0.5117
SIR - 0.01103 24 0.3712 0.3455 0.3589
VIR 0.00809 0.00033 0.01074 38 0.4932 0.458
ATPL - -0.00603 -0.00689 0.00524 72 0.4471
INTR -0.00444 -0.00302 -0.00671 0.00365 -0.00546 75

SP — hypothetical Northern eel population; AVR — Atlantic Ocean Region; SJR — North Sea Region; VJR —
Mediterranean Sea Region; ATPL — eels naturally recruited to Lithuania and Latvia; INTR — eels that were
introduced to Lithuanian lakes.

All these results clearly indicate that the investigated species is panmictic.
The haplotype network consisting of 229 A. anguilla mtDNA D-loop region sequences is

presented in Fig. 2.
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Fig. 2. MP haplotype network of 229 A. anguilla mtDNA D-loop region sequences: the numbers between
nodes indicate mutational steps between the most related sequences; the radius of circles is proportional
to the frequency of haplotypes; mv® — hypothetical sequences that were not found during the study but
are important for the construction of haplotype network.

2 pav. A. anguilla mtDNR D-kilpos regiono MP haplotipy tinklas, sudarytas i§ 229 seky: skaiéiai tarp
tasky parodo mutacinius zingsnius tarp artimiausiy sekuy; skrituliy dydis proporcingas haplotipy aptikimo
daznumui; mv® — nenustatytos hipotetinés sekos, panaudotos konstruojant haplotipy tinkla.

Due to the fact that a large number of haplotypes makes the analysis of this haplotype
network complicated, it was decided to connect the related sequences that share common
ancestor to the haplogroups. The haplogroup network consisting of 47 European eel mtDNA D-
loop region haplogroups is presented in Fig. 3. Using the earlier described principle all 47
European eel mtDNA D-loop region haplogroups can be grouped into different
superhaplogroups (A, B,C,D,E, F, G, H, I, J, K, L).

The results of the distribution of the European eel mtDNA D-loop region
superhaplogroups in Europe are equivocal (Fig. 4). On the one hand the distribution of A, B, C,
F, H and | superhaplogroups in all studied geographic regions supports the panmixia hypothesis
in A. anguilla species. On the other hand noticeable genetic differences between the eels
inhabiting the Mediterranean Sea Region and other geographic regions were determined. In fact,
the representatives of D, E, G, J, K and L superhaplogroups were not found in the

Mediterranean Sea Region. Based on a chaotic distribution of the representatives of different
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superhaplogroups in Europe the conclusion can be drawn that the results of the thesis once again
confirm that the population genetic structure of the investigated species is characterized by the

genetic mosaic, which is formed due to existence of reproductively isolated groups.

mvdd

1

SES
N
1 1
SE16 19

F5

Rt

myv42

Fig. 3. MP haplogroup network of A. anguilla mtDNA D-loop region: A — links between 47 haplogroups;
B — particular haplotypes or hypothetical sequences (mv) which are attributed to certain haplogroups; the
numbers between squares and nodes indicate mutational steps.

3 pav. A. anguilla mtDNR D-kilpos regiono MP haplogrupiy tinklas: A — rysiai tarp 47 haplogrupiy; B —
haplogrupés, kuriu sudétyje yra haplotipuy ar hipotetiniy seky (mv), esanciy jungiamaja grandimi su
Kitomis haplogrupémis; skaiéiai tarp kvadraty ir taSky parodo mutacinius zingsnius.
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Fig. 4. The distribution of A. anguilla mtDNA D-loop region superhaplogroups in Europe: the eel
samples collected during the earlier studies (Lintas et al. 1998, Minegishi et al. 2005 and upublished
investigation of Murgia R., Tola G., Hirano J. ir Archer S. N.) are indicated in squares, while the eel
samples collected during the work are indicated in circles; the diameter of pie charts is proportional to
the number of sequences (1-40 sequences).

4 pav. A. anguilla mtDNR D-kilpos regiono superhaplogrupiu paplitimas Europoje: kvadratais
pazymeétos imtys reprezentuoja ankstesniy tyrimy duomenis (Lintas et al. 1998, Minegishi et al. 2005 ir
nepublikuotas Murgia R., Tola G., Hirano J. ir Archer S. N. tyrimas), 0 apskritimais pazymétos imtys yra
Sio disertacinio darbo duomenys; skrituliniy diagramy diametras proporcingas seky skaiciui imtyje nuo
vienos iki 40 seky.

Genetic variability of mtDNA cyt b sequences. A small but statistically significant
genetic differentiation between SJR and AVR eel samples (®st = 0.03831, p = 0.0053), as well
as between SP and AVR eel samples (Pst = 0.02968, p = 0.0251), was determined using the
data of mtDNA cyt b investigation (Table 5). It is worth mentioning that these results are
different from those of the analogous analysis (Table 4) of the European eel mtDNR D-loop
region, which clearly indicates that this species is panmictic. The available data presuppose that
the determination of a statistically significant genetic differentiation could mainly be explained

by genetic differences between SIR eels sample and other eels samples.
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Table 5. Values of the fixation index (dst; below diagonal) and significance levels of genetic
differentiation (p; above diagonal) between different comparisons of the eel samples; these values were
calculated using A. anguilla mtDNA cyt b data.

5 lentelé. Geneting diferenciacija tarp ivairiy unguriy im¢iy kombinacijy atspindincio fiksacijos indekso
®gr (zemiau istrizainés) ir Sio rodiklio patikimumo p (vir§ istrizainés) vertés, nustatytos naudojant A.

anguilla mtDNR cyt b duomenis.

n SP AVR SIR VIR ATPL INTR
SP 69 0.0251 - 0.6499 - 0.1431
AVR 0.02968 72 0.0053 0.3117 0.0596 0.3675
SJIR - 0.03831 24 0.2513 0.3428 0.0586
VIR 0.02055 0.02393 0.02868 23 0.5285 0.6039
ATPL - 0.01982 -0.01416 0.00961 45 0.2367
INTR 0.01894 -0.086 0.02367 -0.00595 0.01104 36

Statistically significant (p < 0.05) ®gr and p values are in bold; SP — hypothetical Northern eel population; AVR —
Atlantic Ocean Region; SJR — North Sea Region; VJR — Mediterranean Sea Region; ATPL — eels naturally
recruited to Lithuania and Latvia; INTR — eels that were introduced to Lithuanian lakes.

A total of 34 different haplotypes were detected in the haplotype network (Fig. 5)
comprising 201 European eel mtDNA sequences. All these 34 haplotypes can be ascribed to one
of nine haplogroups. The results of the distribution of A. anguilla mtDNA cyt b haplogroups in
Europe and Northern Africa (Fig. 6) indicate that the eel samples, which represent the North Sea
Region, differ from the eel samples collected in other geographic regions due to the fact that the
representatives of haplogroup B were not found in the eel samples from the North Sea Region.
The representatives of haplogroup B found in the Baltic Sea could have come here from
Lithuanian lakes. The representatives of D and E haplogroups were not detected in the
Mediterranean Sea Region. The representatives of haplogroup H were detected only in the eel
samples from England and Lake Siesartis. The largest number (seven haplogroups) of different

haplogroups was detected in the eel sample from the Baltic Sea.
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Fig. 5. MJ haplotype network of 201 A. anguilla mtDNA cyt b sequences: mtDNA cyt b sequences of
eels caught in other European locations, as well as their frequency, are marked in white; the numbers
between the nodes indicate mutational steps between the most related sequences; the radius of circles is
proportional to the frequency of haplotypes; BJ — Baltic Sea; KM — Curonian Lagoon; R] — Gulf of Riga;
UK — Coast of England; DRI — Lake Dringis; SIE — Lake Siesartis.

5 pav. A. anguilla mtDNR cyt b MJ haplotipy tinklas, sudarytas i§ 201 sekos: baltai pazymétos kitose
Europos lokacijose sugauty unguriy mtDNR cyt b sekos bei ju daznis haplotipy tinkle; skaiéiai tarp tasku
parodo mutacinius zingsnius tarp artimiausiy sekuy; skrituliy dydis proporcingas haplotipy aptikimo
daznumui; BJ — Baltijos jura; KM — KurSiy marios; R] — Rygos ilanka; UK — Anglijos pajtris; DRI —
Dringio ez.; SIE — Siesarcio ez.
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Fig. 6. The distribution of A. anguilla mtDNA cyt b haplogroups in Europe and Northern Africa: the eel
samples collected during the earlier studies (Aoyama & Tsukamoto 1997, Wolf et al. 2000, Aoyama et
al. 2001, Daemen et al. 2001, Lin et al. 2001, Minegishi et al. 2005 and data from GenBank (EF427617-
EF427618, EU223996-EU223997, EU492326-EU492327)) are indicated in squares, while the eel
samples collected during the work are indicated in circles; the diameter of pie charts is proportional to
the number of sequences (1-29 sequences).

6 pav. A. anguilla mtDNR cyt b haplogrupiy paplitimas Europoje ir Siaurés Afrikoje: mazi kvadratai
Zymi imtis, surinktas ankstesniy tyrimy metu (Aoyama & Tsukamoto 1997, Wolf et al. 2000, Aoyama et
al. 2001, Daemen et al. 2001, Lin et al. 2001, Minegishi et al. 2005 ir GenBank duomenys (EF427617-
EF427618, EU223996-EU223997, EU492326-EU492327)), o apskritimais paZymétos imtys yra
disertacinio darbo duomenys; skrituliniy diagramy diametras proporcingas seky skaiciui nuo vienos iki
29 seku.

Perca fluviatilis mtDNA D-loop region investigations

Fig. 7 represents NJ tree, which is based on Kxy distances between different samples of the
perch (Kxy distances were calculated using mtDNA D-loop region data obtained during the work
and earlier Sruoga et al. (2007b) study) from Lithuania and Latvia. The arrangement of the
perch samples in NJ tree reflects not only their geographic differences but also the similarity of
the genetic diversity in those perch samples that were collected in the inshore zone or in the

inland localities distributed close to the Baltic Sea. The perch sample of Lake Driiksiai occupies
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the intermediate position in the NJ tree that distinguishes this perch population from all other

investigated perch samples.

MET (n=19)
PLA (n=20)
BJ (n=18)
KM (n = 15)
NEM (n = 30)
Rl (n=21) R](n=21)
~|7 BAB (n = 24)
NER (n = 16)
KAL (n=23)
DRU (n=53)
| $7 (n=34)
' CIR (n = 38)
IT|

Fig. 7. NJ tree, based on Kyy distances between different samplgsv of the perch from Lithuania and Latvia:
BJ — Baltic Sea; KM — Curonian Lagoon; R] — Gulf of Riga; SZ — Lake Sventes; BAB — Lake Babites;
CIR — Lake Cirisu; DRU — Lake Driiksiai; KAL — Lake Kalezers; MET — Lake Metelys; NEM —
Nemunas River; NER — Neris River; PLA — Lake Plateliai.

7 pav. NJ dendrograma pagrista Kxy atstumais tarp skirtingy Latvijos ir Lietuvos eSeriy im¢iy: BJ —
Baltijos jiira; KM — Kur$iy marios; Rl — Rygos ilanka; SZ — Sventés ezeras; BAB — Babytés ezeras; CIR
— CiriSu (ezeras); DRU — Driiksiai (eZeras); KAL — Kalezers (ezeras); MET — Metelys (eZeras); NEM —
Nemunas (upé); NER — Neris (upé¢); PLA — Plateliai (ezeras).

On the basis of ®st and p values of pairwise comparisons between all available perch
samples that were collected in Lithuania and Latvia it could be stated that the genetic
differentiation increases between the geographically distant perch samples. Very intensive (®st
> 0,25) genetic differentiation between some perch samples was determined. However,
statistically significant genetic differentiation was not determined between the perch samples
from the Baltic Sea, the Curonian Lagoon, the Nemunas River, Lake Plateliai and Lake Metelys,
representing the perch populations from the western and southern parts of Lithuania. The perch
sample of Lake Druksiai was genetically different from all other perch samples that were
investigated during the work.

The haplotype network of the perch mtDNA D-loop region consisting of 333 sequences
established during the work and earlier studies (Nesbo et al. 1998b, Refseth et al. 1998, Nesbo

et al. 1999, Sruoga et al. 2007b), is presented in Fig. 8.
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Fig. 8. MJ haplotype network of 333 P. fluviatilis mtDNA D-loop region sequences: white circles
represent haplotypes found in the perch samples collected outside Lithuania and Latvia in other European
countries (these haplotypes frequencies are not presented); the numbers between the nodes indicate
particular sites of mutations; the radius of circles is proportional to the frequency of haplotypes; mvl —
hypothetical sequence that was not found during the study, but was important for the construction of
haplotype network; BJ — Baltic Sea; KM — Curonian Lagoon; R] — Gulf of Riga; SZ — Lake Sventes;
BAB — Lake Babites; CIR — Lake Cirisu; DRU — Lake Driiksiai; KAL — Lake Kalezers; MET — Lake
Metelys; NEM — Nemunas River; NER — Neris River; PLA — Lake Plateliai.

8 pav. P. fluviatilis mtDNR D-kilpos regiono MJ haplotipy tinklas, sudarytas i§ 333 seky: baltais
apskritimais pazyméti haplotipai, kurie buvo nustatyti kitose Europos Salyse, taCiau neaptikti, tiriant
Lietuvos ir Latvijos eSeriy imtis (haplotipy tinkle tokiy haplotipy daznis yra nepateikiamas); skaiciai tarp
tasky parodo konkrecias mutacijas; skrituliy dydis rodo haplotipy aptikimo daznuma; mv1 — hipotetine
seka, kuri nebuvo nustatyta tarp tiriamy seky, bet buvo reikalinga konstruojant haplotipy tinkla; BJ —
Baltijos jiira; KM — Kuriy marios; Rl — Rygos ilanka; SZ — Sventés eZeras; BAB — Babytés ezeras; CIR
— CiriSu (ezeras); DRU — Driiksiai (eZeras); KAL — Kalezers (eZeras); MET — Metelys (eZeras); NEM —
Nemunas (upé); NER — Neris (upé); PLA — Plateliai (ezeras).

Haplotypes B and F were the most frequent in Lithuania and Latvia. Each of them is
represented by 80 perch mtDNA sequences. A total of 53 different haplotypes composes the
haplotype network. Out of these 53 haplotypes, 17 haplotypes were determined the first time

during the work. B5, B6, B7 and C5 haplotypes were determined exclusively in the perch
sample from Lake Driiksiai. Despite the fact that haplotype F was quite frequent in Lithuania, it
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was not detected in the perch sample from Lake DrikSiai and all other perch samples from
Latvian lakes, except for the perch samples from Lake Babites. Although, this haplotype
dominates in the perch populations that inhabit the water bodies situated not far from the Baltic
Sea. Based on the principles applied to the identification of haplogroups, which are described in
the material and methods section, all 53 haplotypes were attributed to nine perch mtDNA D-
loop region haplogroups. The greatest genetic diversity (13 haplotypes) was determined in
haplogroup B. The peculiarities of the distribution of the perch haplogroups found in the western
and eastern parts of Lithuania and in the western and southeastern parts of Latvia are presented

in Fig. 9.
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Fig. 9. The distribution of P. fluviatilis mtDNA D-loop region haplogroups among investigated water
bodies of Lithuania and Latvia: the perch samples collected during the earlier Sruoga et al. (2007b) study
are indicated in diamonds, while the perch samples collected during the work are indicated in squares;
the diameter of pie charts is proportional to the number of sequences (15-53 sequences); BJ — Baltic Sea;
KM — Curonian Lagoon; R] — Gulf of Riga; S7 — Lake Sventes; BAB — Lake Babites; CIR — Lake
Cirtsu; DRU — Lake Drik$iai; KAL — Lake Kalezers; MET — Lake Metelys; NEM — Nemunas River;
NER — Neris River; PLA — Lake Plateliai.

9 pav. P. fluviatilis mtDNR D-kilpos regiono haplogrupiu paplitimas tirtuose Lietuvos ir Latvijos
vandens telkiniuose: rombais paZzymétos imtys surinktos ankstesnio Sruoga et al. (2007b) tyrimo metu, o
kvadratais pazymétos imtys yra disertacinio darbo duomenys; skritulinés diagramos proporcmgos
individy skai¢iui imtyje; BJ — Baltijos jiira; KM — Kursiy marios; Rl — Rygos ilanka; SZ — Sventés
ezeras; BAB — Babytés ezeras; CIR — Ciridu (ezeras); DRU — Druksiai (ezeras); KAL — Kalezers
(ezeras); MET — Metelys (ezeras); NEM — Nemunas (upé); NER — Neris (upé); PLA — Plateliai (eZeras).
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Discussion

The determination of the eel species. The research results obtained unambiguously
confirm that the identification of A. anguilla, A. rostrata and A. japonica species was reliable
when homologous sequences (450-455 bp length) of the mtDNA D-loop region were analyzed.
Based on the available data of Anguilla genus species mtDNA D-loop region investigations
during the work, it could be stated that there are no A. japonica and A. rostrata species in the

inland and territorial water bodies of Lithuania.

Discussion of the results based on A. anguilla DNA microsatellites data. The results of
the work confirm that the eels found in the Baltic Sea, the Curonian Lagoon and the Gulf of
Riga could be ascribed to one ATPL eel group. Besides, the results also confirm that the genetic
diversity of the eels caught in different Lithuanian lakes is different. Due to the fact that the eels
released into Lithuanian lakes were caught in England and France in different years it is rational
to assume that the genotypes of the eels belonging to the different batches of the introduced eels
were markedly different. The gradual introduction of new eel groups into Lithuanian lakes
should have had an impact on the formation of the genetic diversity of eels in Lithuanian lakes.
This assumption was confirmed by the results of the work because statistically significant
genetic differentiation was determined between the eel samples from Lake Dringis and Lake
Siesartis (Table 3, Analysis 1V).

To sum up, the investigation of A. anguilla DNA microsatellites carried out during the
work was mainly aimed at finding out genetic peculiarities and differences between ATPL and
INTR groups of eels. It should be stated that statistically significant genetic differences between
the above-mentioned groups were not determined. Consequently, it was decided to use mtDNA

molecular markers in order to verify the panmixia hypothesis in A. anguilla species.

Discussion of the results based on A. anguilla mtDNA D-loop region data. A total of
75 different haplotypes of the mtDNA D-loop region were determined in Europe after 81
European eels have been investigated (Lintas et al. 1998, Minegishi et al. 2005 and unpublished
Murgia R., Tola G., Hirano J. ir Archer S. N. research). These 75 haplotypes could be ascribed
to 30 different haplogroups. During the work a total of 148 eels were investigated and 107
different haplotypes, which could be attributed to 39 haplogroups, were determined. After the
data of this study has been combined with the available data of earlier studies, a dataset
comprised of 229 sequences was analyzed. It should be noted that the obtained results are

equivocal. Some of them support the panmixia hypothesis in A. anguilla species, whereas others
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deny it. Main arguments supporting the panmixia hypothesis in this species are as follows: i)
statistically significant genetic differentiation between various samples of eels was not
determined; ii) the random distribution of more common haplotypes, haplogroups or
superhaplogroups in different geographic regions. Some other arguments deny the panmixia
hypothesis in this species: i) the population genetic structure of eel is identified as the genetic
mosaic; ii) the detection of rare haplogroups and superhaplogroups is fragmentary; iii) a non-
random distribution of haplotypes, which are evolutionarily related, on a microgeographic scale;
the characteristics of the genetic diversity of SJR and VJR eel samples are different from all
other studied eel samples. There are no marked differences of the genetic diversity between eels
introduced to Lithuanian lakes and the eels that inhabit the Baltic Sea and the North Sea.
However, marked genetic diversity differences, represented by different haplotypes,
haplogroups or superhaplogroups between the samples of the eels from the Lithuanian lakes
were determined.

To sum up, it could be concluded that the European eel is panmictic by maternal line
based on all available data. However, there is growing evidence that this species was not

panmictic during its previous phases of evolution.

Discussion of the results based on A. anguilla mtDNA cyt b data. A total of 20
different haplotypes of mtDNA cyt b were determined in Europe and North Africa after 119 eels
have been investigated (Aoyama & Tsukamoto 1997, Wolf et al. 2000, Aoyama et al. 2001,
Daemen et al. 2001, Lin et al. 2001, Minegishi et al. 2005 and data from the GenBank
(EF427617-EF427618, EU223996-EU223997, EU492326-EU492327)). These 20 haplotypes
could be ascribed to 8 different haplogroups. During the work a total of 82 eels were
investigated and 14 different haplotypes, which could be attributed to 7 haplogroups, were
determined. After the research data was combined with the available data of earlier studies,
dataset of 201 sequences was analyzed. The obtained results revealed the genetic mosaic
consisting of reproductively isolated groups in the European eel. It is interesting to note that
statistically significant values of ®st were determined for the first time using the European eel
mtDNA cyt b marker.

Statistically significant (p < 0.05) genetic differentiation between ATPL and INTR groups
of eels was not determined using the data of mtDNA cyt b. However, it was revealed that
genetic diversity between eels that inhabit Lake Dringis and Lake Siesartis is different because
different haplotypes were determined in these lakes. After analysing the results of the European
eel mtDNA D-loop region and cyt b investigations it became apparent that these two mtDNA
markers enabled similar tendencies of the formation of genetic diversity to be revealed.
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Genetic mosaic in A. anguilla species. Due to the fact that too little attention has been
devoted to the investigations of the intraspecific evolution of the European eel thus far the main
reason of the genetic mosaic in this species was not determined. More detailed investigation into
the intraspecific evolution of the European eel that was carried out during the work showed that
the main reason for observing the genetic mosaic in this species is the existence of different
evolutionary lines in the eel population. The obtained data presuppose that it could not be
explained by the genetic patchiness and/or Hedgecock effect (Selkoe et al. 2010, Hedgecock &
Pudovkin 2011, Pujolar et al. 2011a).

Factors that had an impact on the formation of the population genetic structure of A.
anguilla species. We can distinguish two potential reasons why European eel is considered to be
panmictic nowadays: i) changes in geographic locations of spawning and feeding grounds of the
eels caused by the glacial period; ii) stocking, which could have had an impact on the abundance
and the migrational behaviour of the eels.

It could be concluded that differences in the genetic diversity, which were determined
during the work, between ATPL and INTR groups of eels were small and statistically
insignificant. Therefore, it is reasonable to continue investigations of the genetic diversity of
eels. Especially those investigations that aim at finding out out whether the intensive
anthropogenic activity, which is associated with the eels stocking and fishing during the past
decades, had (or did not have) a strong impact on this species, i.e. its decreasing abundance,
alterations in the eels migrational behaviour and weakening of its genetic differentiation
between different eel groups in population.

Reproductively isolated groups of individuals in A. anguilla species. If it can be shown
that there are local populations in A. anguilla species, i.e. reproductively isolated groups of eels,
whose representatives are able to return to the spawning grounds of their parents from
generation to generation, the hypothesis of panmixia in this species should be rejected. Despite
the fact that local populations of eels have not been determined until now, the discussions about
them are held (Kettle & Haines 2006, Maes & Volckaert 2007). The data of the thesis do not
reject the hypothesis of panmixia in this species. However, it also indicates that local
populations of eels existed in the past.

Peculiarities of the perch population inhabiting Lake Driksiai. Taking into account
the fact that ichthyofauna of Lake DriikSiai was strongly affected by anthropogenic activities too

little attention has been devoted to the investigations of the population genetic structure of fish
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species inhabiting this lake thus far. In order to evaluate the possible impact, which was exerted
by anthropogenic activities related to the development of nuclear energy, on the formation of the
population genetic structure of the commercially exploited fish, it was decided to initiate an
investigation of the genetic diversity of mtDNA D-loop region of the perch species in Lake
Driiksiai and other inland water bodies of Lithuania and Latvia. The results of the investigation
revealed statistically significant (p < 0.05) genetic differences between the perch population of
Lake Driksiai and all other Lithuanian and Latvian perch populations, investigated during the
work and Sruoga et al. (2007b) study. In addition, B5, B6, B7 and C5 haplotypes were found
exclusively in the perch sample from Lake Druksiai (Fig. 8). The slightest genetic differentiation
was determined between NER and DRU perch samples (®st = 0.03041, p < 0.01), whereas the
greatest genetic differentiation was determined between MET and DRU perch samples (®st =
0.38966, p < 0.001). The data of the thesis indicate that differences in the genetic diversity
between the perch population of Lake Driuk$iai and other Lithuanian perch populations

increased because of hystorical natural processes.

Peculiarities of genetic differentiation of Lithuanian and Latvian perch populations.
Thus far the genetic investigations of perch populations inhabiting Lithuania and Latvia have
been quite fragmentary. The research conducted during the work revealed that the greatest
genetic differences were between the perch samples from the western parts of Lithuania and
Latvia and the perch samples from the eastern part of Lithuania and Southeastern Latvia.

Distribution of perch haplotypes and haplogroups in Europe. After 489 perch from
Eurasia, excluding the perch samples from Lithuania and Latvia, have been investigated, 35
different haplotypes were determined (Nesbe et al. 1998b, Refseth et al. 1998, Nesbeo et al. 1999
and one sequence from the GenBank (EF118012)). These 35 haplotypes belong to 9 different
haplogroups. Most common haplotypes in Eurasia are F and C. The greatest diversity of
haplotypes belonging to haplogroup A (A, Al, A2, A3, A4 and A5 haplotypes) was observed in
Norway. Due to the fact that B1 and B2 haplotypes were detected in the perch samples from
Estonia but they were not found either in Lithuania, or in Latvia it could be stated that genetic
diversity of the perch in each Baltic States is partially unique. It can be assumed that the
formation of the genetic diversity of the perch in Lithuania, Latvia and Estonia was influenced
by similar or common hystorical natural processes.

During the work a total of 262 perch caught in the inland water bodies of Lithuania and
Latvia were investigated and 29 different haplotypes, which could be attributed to 7

haplogroups, were determined. Out of these 29 haplotypes 21 haplotypes were determined only
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in the perch samples collected during the work. Due to the fact that 8 haplotypes (A2, D1, E ir G
bei F4, H1, L1 and L2), not detected during the work, were detected in the western parts of
Lithuania and Latvia during the earlier Sruoga et al. (2007b) study, thus a total of 37 different
haplotypes were determined exclusively in Lithuania and Latvia. These 37 haplotypes represent
all haplogroups, except haplogroup M, which is found in the southern parts of Europe.
Distribution patterns of haplotypes in Europe revealed peculiarities of the perch populations
found in the Baltic States: i) the representatives of haplogroup M were not detected in the Baltic
States; ii) the representatives of haplogroup B, which are rare or absent in other European
regions (Fig. 10), dominate in the Baltic States. Based on the results of this investigation it could
be stated that there is a contact zone of different perch genetic lineages from the southwestern
parts of Lithuania to the central part of Latvia.

To sum up, thus far a total of 807 perch has been studied in Europe, including the perch
samples from the work, and 60 haplotypes, which could be attributed to 9 haplogroups, were
determined. The perch populations inhabiting inland water bodies situated in the vicinity of the
Baltic Sea have a larger diversity of haplogroups as compared to the perch populations found in
the eastern parts of Lithuania and Latvia. However, more representatives of A, B and C
haplogroups are found in the perch samples from the eastern parts of Lithuania and Latvia.
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Fig. 10. The distribution of P. fluviatilis mtDNA D-loop region haplogroups in Europe: the perch
samples collected during the earlier studies (Nesbg et al. 1998b, Refseth et al. 1998, Nesbg et al. 1999,
Sruoga et al. 2007b) are indicated in squares, while the perch samples collected during Sruoga et al.
(2007b) study and the work are indicated in circles; the diameter of pie charts is proportional to the
number of sequences (5-53 sequences); some geographically close perch samples from Norway were
combined.

10 pav. P. fluviatilis mtDNR D-kilpos regiono haplogrupiu paplitimas Europoje: kvadratais pazymétos
imtys surinktos ankstesniy tyrimy metu (Nesbo et al. 1998b, Refseth et al. 1998, Nesbe et al. 1999), o
apskritimais pazymétos imtys yra Sruoga et al. (2007b) ir disertacinio darbo duomenys; skrituliniy
diagramy skersmuo proporcingas seku skai¢iui imtyje; maZziausias skritulys reprezentuoja 5 sekas, o
didziausias skritulys reprezentuoja 53 sekas; kai kurios geografiSskai artimos Norvegijos eSeriy imtys

apjungtos.

30



CONCLUSIONS

. The originally designed primer pair Angl is useful for investigations into the intraspecific
genetic diversity of the European eel and can be used to identify A. anguilla and A. japonica
species.

. A relatively great genetic diversity of the European eel and the population genetic structure
characterized by the genetic mosaic, which is formed due to the existence of reproductively
isolated groups, was determined using different DNA markers. Values of all characteristics
of the genetic diversity were higher in the mtDNA D-loop region as compared to the
investigated fragment of cyt b gene.

. After analysing five DNA microsatellite loci statistically significant genetic differentiation
between the eel samples caught in different inland and territorial water bodies of Lithuania
and Latvia was determined.

Eel groups naturally recruited to Lithuania and Latvia and introduced to Lithuanian lakes
have slight though statistically insignificant genetic differences. The data of the study
indicate that quantitative parameters of the genetic diversity between naturally recruited and
introduced eels are similar. The eels stocked into different lakes of Lithuania differs by their
mtDNA haplotype diversity.

Based on the perch mtDNA D-loop region marker it was determined that the perch
populations inhabiting water bodies situated in the vicinity of the Baltic Sea area and the
perch populations inhabiting inland water bodies situated in the eastern part of the Baltic
Countries are characterised by a different diversity of haplotypes and are genetically
differentiated.

. The genetic diversity of the perch populations inhabiting the Baltic Countries are
characterised by the greatest haplotype diversity of the representatives of haplogroup B,
which are rare in other regions of Europe. A total of 30 different perch haplotypes was
determined in the inland water bodies of Lithuania and Latvia of which 21 were detected for
the first time.

. The perch population of Lake Driiksiai is distinctive and genetically differentiated from all
other perch populations inhabiting inland and territorial water bodies of Lithuania and
Latvia. The determined genetic differences arose mainly as a result of historical natural

proceses which occured during the glaciation period.
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IVADAS

Darbo aktualumas. Siekiant tvariai eksploatuoti versliniy zuvy populiacijas nesukeliant
pavojaus ju genetiniams resursams biitina sukaupti daug duomeny apie $iy rasiy populiacing-
geneting strukttra (Laikre et al. 2005a). Populiaciné-genetiné struktiira dazniausiai apibréZziama
kaip rtsies genetinés jvairovés pasiskirstymo pobiidis populiacijose, t. y. ju viduje bei tarp
populiaciju, o $ios struktiiros formavimasis zuvy populiacijose didele dalimi priklauso nuo
nerSto metu vykstan¢iy procesy. Skirtingai nuo teorinio modelio, apibréziamo HardZzio-
Vainbergo désniu, deél aleliy ir genotipy dazniy pokycCiy, kurie skiriasi nuo teoriniy
paskaic¢iavimy, gamtinés populiacijos kiekvienoje naujoje generacijoje pasiZymi santykiniu
populiacinés-genetinés struktiiros kintamumu. ISsamiis riiSies populiacinés-genetinés struktiiros
tyrimai suteikia galimybe sukurti tvaria, geny jvairovés lygmenyje, iStekliy naudojimo strategija
(Hauser & Carvalho 2008) arba iSsaugoti rusies geneting jvairove (Laikre et al. 2008). Deja,
Siuo metu daugelio zuvy rusiy populiaciniai genetiniai tyrimai yra labai fragmentiski arba iSvis
nevykdomi, o zuvy istekliy naudojimo planuose ne visada atsizvelgiama i jau turimus duomenis
apie eksploatuojamy riisiy populiacing-geneting struktiira.

Lietuvoje neseniai pradéti vykdyti dvieju Salmo genties riiSiy genetiniai tyrimai (Lelitina
2008, Samuiloviene 2012), kuriy déka kaupiamos zinios apie dirbtinémis salygomis uZauginty
individy, kurie véliau yra izuvinami Lietuvos vidaus vandens telkiniuose, itaka versliniy zuvy
rusiy populiacinés-genetings struktiiros formavimuisi. Lyginant su laSiSiniy zZuvy tyrimais §io
disertacinio darbo problematika, susijusi su europinio upinio ungurio — Anguilla anguilla (L.)
tyrimais, skiriasi dviem aspektais: 1) ungurys yra katadromin¢ raisis, todél kitaip, nei atlantiné
lasisa — Salmo salar L., nerSia ne {Zuvinimo vietovése, o Sargaso jiroje, 2) introdukuoti unguriy
jaunikliai reprezentuoja nattiralia unguriy populiacija, nes unguriy (Zuvinimo veikla pagrista
natiiraliai iSnerSusiy unguriy jaunikliy gaudymu vienoje geografingje vietoveje ir perkelimu
auginimui kitoje geografinéje vietovéje. Dél Siy priezasCiy iZuvinimo poveikio tyrimai, siekiant
nustatyti Sios antropogeninés veiklos itaka unguriy populiacinés-genetinés struktiiros
formavimuisi, yra komplikuoti. Kadangi Anguilla spp. izuvinimo veikla neapsiriboja jvairiy
unguriy jaunikliy introdukcijomis tik viename kontinente, §iuo metu kai kuriy Anguilla genties
rusiy, iskaitant A. anguilla, nataralus paplitimas yra pakitgs (Maes & Volckaert 2007).

Siekiant atskleisti versliniy Zuvy riisiy, patirian¢iy skirtingo pobiidzio antropogeninj poveiki,
populiacinés-genetinés struktiiros formavimosi ypatumus, Siame disertaciniame darbe Salia
Upiniy unguriu papildomai tyrinéta kontinente paplitusi rusSis — paprastasis europinis eSerys —
Perca fluviatilis L. Skirtingai nuo upiniy unguriy, Sios rusies populiacinés-genetinés strukttiros

ypatumai tirti natiiraliose buveinése Lietuvos ir Latvijos vidaus vandenyse, lyginant gautus
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duomenis su anksCiau vykdytais Sios ruSies tyrimais (Nesbo et al. 1998b, Refseth et al. 1998,
Nesbg et al. 1999, Sruoga et al. 2007b). Sukaupti naujausi eSerio mtDNR D-kilpos regiono
duomenys jgalino atskleisti Sios rusies filogeografijos ypatumus Baltijos Salyse.

Dél keliy objektyviy priezasCiuy Siame darbe didziausias démesys buvo skiriamas mtDNR
tyrimams. Pastaruoju metu europinio upinio ungurio genetiniai tyrimai dazniausiai buvo
vykdomi pasitelkiant mikrosatelitinius DNR Zymenis, taciau daug maziau démesio buvo skirta
unguriy populiacinés-genetinés struktiiros tyrimams naudojant mtDNR zymenis. Iki Sio
disertacinio darbo pradzios buvo publikuoti du straipsniai (Lintas et al. 1998, Daemen et al.
2001), kuriy rezultatai paremti ungurio mtDNR D-kilpos regiono ir cyt b tyrimais. Pazymétina,
kad autoriy skelbiamos iS§vados nesutapo panmiksijos hipotezés §ioje riiSyje klausimu. Be to,
ungurio DNR mikrosatelity tyrimai néra pakankamai informatyviis siekiant iSsiaiSkinti Sios
rasies viduriiSing evoliucija. Todé¢l europinio upinio ungurio populiacinés genetikos tyrimai,
pagristi mtDNR seku analize, Siuo metu yra labai svarbiis ir aktualdis. Sujungus kity tyréju
gautus tiriamy zuvy DNR seky duomenis su §io darbo metu naujai nustatytomis DNR sekomis
atsirado galimybé¢ atlikti tyrimus globaliu lygmeniu. Tiriant skirtingy rtsiy analogiSkas mtDNR
sekas atsiranda galimybé palyginti tiriamy raisiy geneting ivairove, nustatyti kitus svarbius Siy
rusiy populiacijy genetinius parametrus, papildyti zinias apie versliniy Zuvy rasiuy populiacing-

geneting struktiira.

Darbo naujumas:

=

A. anguilla mtDNR D-kilpos regiono tyrimams buvo sukonstruota originali pradmeny pora

Angl, kuri taip pat gali bati panaudota A. anguilla ir A. japonica rasiy identifikavimui.

2. Pirma karta iSsamiai tirta europinio upinio ungurio genetiné jvairové Lietuvoje ir Latvijoje
naudojant mikrosatelitinés DNR ir mtDNR molekulinius Zymenis.

3. Pirma karta atliktas natiiraliai | Lietuva ir Latvija atplaukianéiy ir introdukuoty unguriy
grupiy genetings jvairovés palyginimas.

4. Pirma karta iSsamiai tirta Lietuvos ir Latvijos vidaus vandeny eSeriy populiaciné-genetiné
struktiira naudojant mtDNR D-kilpos regiono genetinius Zymenis.

5. Pirma karta naudojant molekulinius DNR Zymenis tirta Ignalinos atominés elektrinés veiklos

itaka eSerio populiacinés-genetinés strukttiros formavimuisi.

Moksliné ir praktiné darbo reik§mé. Europinis upinis ungurys pastaruoju metu laikomas
nykstancia rasimi. Nepaisant intensyviy §ios rasies tyrinéjimy pastaraisiais deSimtmeciais, Siuo
metu vis dar tritkksta esminiy ziniy apie Sios zuvies gyvenimo cikla, viduriiSing evoliucija,

nerstaviete, reprodukcija, populiacing-geneting struktiira, elgsena. Siame disertaciniame darbe
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pateikti ungurio mtDNR Zymenimis pagristi tyrimy rezultatai yra reikSmingi ir svarbis
populiacinés-genetinés strukttiros ir vidurtiSinés evoliucijos suvokimui, bei praktiniu poziiiriu,
nes gauti nauji genetiniy tyrimy duomenys gali buti panaudoti kuriant tvarios eksploatacijos
planus, siekiant apsaugoti rii$i nuo iSnykimo grésmés. Pavyzdziui, natiiraliai { Lietuva ir Latvija
atplaukusiy (ATPL) ir introdukuoty Lietuvos ezeruose (INTR) unguriy grupiy palyginimas
pagal ju genetinés jvairovés parametrus sukuria prielaidas unguriy iStekliy valdymui bei
klausimuy, susijusiy su unguriy iZuvinimo veikla bei poveikiu riiSies iStekliams sprendimui.
Praktinés reikSmés darbui taip pat suteikia originalios pradmeny poros, skirtos A. anguilla ir A.
japonica rusiy identifikavimui, sukiirimas ir panaudojimas.

Disertaciniame darbe taip pat atskleisti paprastojo europinio eSerio filogeografijos
désningumai Baltijos Salyse. Sukaupti eSeriy genetinés jvairovés molekuliniai duomenys yra

svarbiis tiriant genetinés jvairovés pokycius, kuriuos galimai indukuoja antropogeniné veikla.

Darbo tikslas ir uZdaviniai. Sio darbo tikslas — A. anguilla ir P. fluviatilis vidurai§inés
genetinés jvairovés tyrimai naudojant mikrosatelitinés DNR ir mtDNR zymenis, siekiant
vertinti galima antropogenini poveiki versliniy zZuvy riiSiy populiacinés-genetinés struktiiros
formavimuisi. Tikslui pasiekti buvo suformuluoti $ie uzdaviniai:

1. Nustatyti unguriy rusing priklausomybg naudojant sukonstruota originaliy pradmeny pora,
skirta A. anguilla mtDNR D-kilpos regiono tyrimams.

2. Naudojant mikrosatelitinés DNR ir mtDNR D-kilpos regiono bei cyt b geno zymenis
nustatyti ungurio viduri§inés genetinés {vairovés parametrus.

3. Atlikti natiiraliai i Lietuva ir Latvija atplaukianciy ir introdukuoty unguriy grupiy genetinés
tvairovés palyginima, siekiant jvertinti {zuvinimo poveiki ungurio populiacinés-genetines
strukttros formavimuisi.

4. Nustatyti Lietuvos ir Latvijos vidaus vandeny eSeriy geneting jvairove naudojant mtDNR D-
kilpos regiono genetinius Zymenis.

5. Palyginti Baltijos Saliy ir kity Europos $aliy eSeriy populiacijy geneting jvairovg.

6. Palyginti Druks$iu ezero bei Lietuvos ir Latvijos vidaus vandens telkiniy eSeriu populiaciju
genetings [vairoves parametrus siekiant jvertinti galima antropogenini poveiki populiacinés-

genetingés struktiiros formavimuisi.
Ginamieji teiginiai:
1. Sukonstruota nauja mtDNR D-kilpos regiono originaliy pradmeny pora yra tinkama A.

anguilla ir A. japonica rusiy identifikacijai.
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2. Pagal mikrosatelitineés DNR ir mtDNR Zymeny tyrimus ungurio populiaciné-genetiné
struktiira pasizymi genetine mozaika, kurios susiformavima lemia reproduktyviai izoliuotos
grupes.

3. Naturaliai { Lietuva ir Latvija atplaukianciy ir introdukuoty unguriy grupés genetine
diferenciacija nepasizymi pagal mtDNR Zymenis.

4, Skirtinguose Lietuvos eZeruose gyvenantys unguriai pasizymi skirtinga genetine jvairove
pagal mikrosatelitinés DNR ir mtDNR Zymenis.

5. Lietuvos ir Latvijos priekrantés bei vakarinés dalies vandens telkiniy ir rytinés kontinentinés
dalies eSeriy populiacijos pasizymi skirtinga genetine jvairove.

6. Baltijos $aliy eSeriy populiacijai budinga mtDNR D-kilpos regiono haplogrupé B, retai

aptinkama kituose Europos regionuose.

Rezultaty pristatymas ir aprobavimas. Disertacinio darbo rezultatai paskelbti 4
straipsniuose ir 5 tarptautinése konferenciju tezése. Disertacijos tema perskaityti 5 praneSimai
bei pristatytas vienas stendinis praneSimas tarptautinése mokslinése konferencijose Lietuvoje,

Latvijoje, Taivanyje.

Disertacijos struktiira. Disertacija sudaro Sie skyriai: Santrumpos, Ivadas, Literatiiros
apzvalga, Medziaga ir metodai, Rezultatai ir juy aptarimas, ISvados, Literatiiros saraSas,
Disertacijos tema publikuoti straipsniai, Konferencijy tezés, Padékos, Priedai. Nejskaitant
priedy, disertacijos apimtis — 165 puslapiai, 33 lentelés ir 26 paveikslai. Disertacija paraSyta
lietuviy kalba.

LITERATUROS APZVALGA

Siame skyriuje apzvelgiami tyrimy objektai — europinis upinis ungurys ir paprastasis
europinis eserys, ju populiaciné genetika, Zuvy populiaciné-genetiné struktiira, jos tipai,
antropogeninio poveikio itaka versliniy Zuvy raSiy populiacinés-genetinés struktiiros

formavimuisi bei mikrosatelitinés DNR ir mtDNR Zymenys.
MEDZIAGA IR METODAI

Medziagos surinkimas. IS viso tyrimams panaudoti 221 unguriai ir 262 eSeriai. Visi tirti
unguriai buvo geltonojo arba sidabrinio ungurio stadijy. Dalis unguriy buvo gauta i§ Klaipédos
teritorinés muitinés 2009 mety rudeni Klaipédos uoste sulaikius 25 t unguriy siunta. Pasak

tiek¢jo, visos uzsaldytos zuvys dézése buvo japoniniai upiniai unguriai. Visi kiti unguriai bei
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eSeriai buvo sugauti jvairiose Lietuvos ir Latvijos vietovése. Detalesné¢ informacija apie
surinktas zuvy imtis pateikta 1 lenteléje.

Remiantis Lictuvoje atlikty A. anguilla otolity tyrimy duomenimis (Shiao et al. 2006, Lin et
al. 2007) Baltijos juroje, Kurs$iy mariose ir Rygos ilankoje pagauti unguriai priskirti nattiraliai {
Lietuva ir Latvija atplaukianciy unguriy grupei (ATPL), o Balsio, Dringio ir Siesarcio ezery

unguriy imtys reprezentuoja introdukuotus ungurius (INTR).

Unguriy molekulinei analizei sukurtos Angl ir Ang2 pradmeny poros. MtDNR regiony
amplifikacijai skirty pradmeny charakteristikos pateiktos 2 lenteléje.

Abi pradmeny poros sukurtos Molekulinés ekologijos laboratorijoje remiantis Anguilla
genties rasiy mtDNR seky, kurios buvo ikeltos | GenBank duomeny bazg, palyginamaja analize

ir Primer3 programa (Rozen & Skaletsky 2000).

Laboratorinés procediiros. DNR buvo isskirta naudojant Aljanabi & Martinez (1997)
metoda su neZymiais pakitimais; dazniausiai buvo naudojamas raumeninis audinys. Unguriy
DNR amplifikacijai panaudotos originalios pradmeny poros Angl, Ang2, sukonstruotos Gamtos
tyrimy centro Molekulinés ekologijos laboratorijoje, bei AF237898, AF237899, AF237900,
AF237901 ir AF237902 (Wirth & Bernatchez 2001) pradmeny poros, o eSeriu mtDNR D-kilpos
regiono dalinés sekos amplifikuotos naudojant HV2 ir CSB-D pradmenis (Nesbg et al. 1998a).
DNR sekoskaita atlikta Biotechnologijos instituto Sekvenavimo centre bei Gamtos tyrimy

centro Ekologijos institute, Molekulinés ekologijos laboratorijoje.

Unguriy rasinés priklausomybés nustatymas. Siekiant identifikuoti unguriy, gauty i$
Klaipédos teritorinés muitinés bei pagauty jvairiose Lietuvos ir Latvijos vietovese, rusj, atlikta
DNR sekuy filogenetiné analizé. Naudojant CLC Sequence Viewer 5.1.1 (www.clchio.com)
programa bei remiantis nepasverty pory-grupiu metodu su aritmetiniu vidurkiu (UPGMA)
(Michener & Sokal 1957) ir mtDNR D-kilpos regiono abejotinos kilmés unguriy seku
sulyginimu su geny banke deponuotomis 450-455 bp ilgio A. anguilla, A. japonica ir A. rostrata
sekomis (GenBank: AJ225953, AJ225956, AJ225969, AM997243, AM997253, AM997255,
AM997258, M95867, AB030662, AP007249) buvo sukonstruota UPGMA dendrograma. Sios

UPGMA dendrogramos konfigiiracija igalino tiriamasias sekas priskirti vienai i§ unguriy rasiy.

A. anguilla DNR mikrosatelity statistiné analizé. Aleliy santykiniai dydziai visuose DNR
mikrosatelity regionuose buvo jvertinti analizuojant DNR fragmenty judéjimo pobiidi
elektroforetogramose, pasinaudojant TotalLab v1.10 (Amersham Biosciences) programa, bei

atsizvelgiant { pasirinkty unguriy individu DNR sekvenavimo rezultatus. Genetiniai atstumai
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(Nei 1972) buvo apskaiciuoti naudojant TFPGA v1.3 (Miller 1997) programa. F statistika (Fsr,
Fis bei Fir) (Cockerham 1973, Weir & Cockerham 1984) ir jos patikimumas, t. y. aleliné
diferenciacija (angl. genic differentiation) (Raymond & Rousset 1995a) ir genotipiné
diferenciacija (angl. genotypic differentiation) (Goudet et al. 1996), buvo apskaiciuotos
naudojant GENEPOP (Raymond & Rousset 1995b, Rousset 2008) programa.

MtDNR seky analizé. IS viso europinio upinio ungurio mtDNR D-kilpos regiono sekuy
analizei panaudotos 493 bp ilgio 229 sekos, i§ kuriy 148 nustatytos vykdant §i disertacini darba
(skirtingy haplotipy sekos GenBank duomenuy bazéje: FJ707255-FJ707280, JX162682-
JX162753), 0 81 buvo deponuota geny banke ankséiau tyrimus vykdziusiy mokslininky.

I§ viso europinio upinio ungurio mtDNR cyt b fragmenty analizei panaudotos 392 bp ilgio
201 sekos, 1§ kuriy 82 nustatytos Sio disertacinio darbo metu (Siuo metu sekos i GenBank
neikeltos), o 119 deponuotos geny banke kity tyréjy.

I$ viso eSerio mtDNR D-kilpos regiono seky analizei panaudotos 389-400 bp ilgio 807
sekos, 18 kuriy 262 nustaté Sio disertacinio darbo autorius (skirtingus haplotipus atstovaujancios
sekos deponuotos GenBank duomeny bazéje: HM992571-HM992578, JX034742-JX034749).
Likusias 545 sekas anks¢iau nustaté kiti mokslininkai (Nesbg et al. 1998b (i§ viso 66 sekos),
Refseth et al. 1998 (i viso 109 sekos), Nesbo et al. 1999 (i$ viso 313 sekos), Sruoga et al.
2007Db (is viso 56 sekos) ir viena seka i§ GenBank (EF118012)).

Tiriamy zuvy rasiy DNR seky sulyginimas bei dendrogramuy, paremty kaimyny-jungimo
metodu (NJ) (Saitou & Nei 1987), konstravimas buvo atliktas naudojant CLC Sequence Viewer
5.1.1 irfarba MEGA 4 (Tamura et al. 2007) programas. MEGA 4 programos atveju, DNR seky
sulyginimui naudotas ClustalwW (Thompson et al. 1994) algoritmas.

Polimorfiniy saity DNR grandinéje skaicius (S), bendras mutaciju skaicius (7), haplotipy
ivairovés parametras (h) (Nei 1987), nukleotidy jvairovés parametras () (Lynch & Crease
1990), nukleotidy pakaity vidurkio koeficientas (K) (Tajima 1983), genetinis atstumas tarp
lyginamy populiacijy, kuris yra iSreiSkiamas nekoreguotu nukleotidy pakaity vidurkiu saitui, t.
y. lyginamy seku grupiy skirtumy koeficientas (Kxy) (Nei 1987) ir fiksacijos indeksas (Dsr)
(Hudson et al. 1992b) su patikimumo reikSmémis (p) (Hudson et al. 1992a) buvo apskaiéiuoti
naudojant DNASP 4.50.3 programa (Rozas et al. 2003). Atliekant skai¢iavimus DNASP 4.50.3
programa delecijos buvo vertinamos kaip penkta pozicija (A, C, G, T, -), ta¢iau mtDNR sekos,
kuriose isiterpusios didesnés nei 5 bp delecijos, i$ analizés btidavo pasalinamos.

Haplotipy tinklai buvo konstruojami naudojant mediany-jungimo metoda (MJ, angl. median
joining) (Bandelt et al. 1999) idiegta NETWORK 4.6.1.0 programoje (www. fluxus-
engineering.com/). Siekiant supaprastinti A. anguilla mtDNR D-kilpos regiono haplotipy tinkla,
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pasitelktas papildomas maksimalaus Syk$tumo metodas (MP, angl. maximum parsimony)
(Polzin & Daneshmand 2003), kuris taip pat idiegtas NETWORK 4.6.1.0 programoje.
Sudétingam europinio upinio ungurio mMtDNR D-kilpos regiono haplotipy tinklui konstruoti
pasitelkta papildoma DNA Alignment 1.3.1.1. programa, o kity haplotipy tinkly konstravimui
reikalingi duomenys | NETWORK 4.6.1.0 programa budavo suvedami rankiniu budu.
Konstruojant haplotipy tinklus delecijos visada biidavo vertinamos kaip penkta pozicija, tac¢iau
mtDNR sekos, kuriose isiterpusios didesnés nei 5 bp delecijos, i§ analizés biidavo pasalinamos.
Remiantis sukonstruotais haplotipy tinklais, mazai tarpusavyje besiskirian¢ios mtDNR sekos
biidavo apjungiamos i haplogrupes. Pagrindiniai kriterijai $iy haplogrupiu i$skyrimui: mutaciju
skaiCius tarp seky, reprezentuojanciy skirtingus haplotipus, haplotipy daznis, mutaciniy
zingsniy, skirianCiy retus haplotipus nuo juos jungiancio haplotipo, pasizymincio didesniu

dazniu, skaicius.
REZULTATAI IR JU APTARIMAS
Anguilla anguilla molekuliniai tyrimai

Unguriy rasinés priklausomybés nustatymas. Panaudojus Angl pradmeny pora, skirta
europinio upinio ungurio MtDNR D-kilpos regiono sekoms pagausinti, buvo sékmingai
amplifikuotos visy tirty unguriy mtDNR D-kilpos regiono sekos. Atlikus tiriamy unguriy
mMtDNR D-kilpos regiono seky ir i§ GenBank duomeny bazés paimty desimties 450-455 bp ilgio
homologiniy seky palyginamaja analize paaiskéjo, jog visy unguriy, kurie buvo pagauti
Lietuvoje ir Latvijoje, tiriamos sekos priklauso A. anguilla rasiai, o visy unguriy, kurie buvo
gauti i§ Klaipédos teritorinés muitinés, tiriamos sekos priklauso A. japonica rasiai. Tiriamosios
sekos priskirtos konkrecioms unguriy risims atsizvelgiant i $iy seky individualy grupavimasi
UPGMA dendrogramoje kartu su Zinomomis A. anguilla, A. japonica ir A. rostrata sekomis.
Pateiktoje UPGMA dendrogramoje (1 pav.) visy unguriy, kurie buvo gauti i§ Klaipédos
teritorinés muitinés, sekos grupuojasis kartu su A. japonica risies sekomis sudarydamos atskira
klasteri, atsiskyrusi nuo kity dvieju A. anguilla ir A. rostrata riisims priskiriamy seky klasteriy.
Siame paveiksle keturios A. anguilla klasteriui priskiriamos sekos buvo nustatytos Sio
disertacinio darbo metu (GenBank: FJ707257, FJ707264, FJ707265, FJ707273) ir reprezentuoja

unguriy, kurie buvo sugauti Lietuvoje ir Latvijoje, rusi.

DNR mikrosatelity analizé. Atlikus mikrosatelity analiz¢ naudojant 114 europiniy upiniy
unguriy DNR pavyzdzius, maziausiai aleliy, septyni, nustatyta Ang101 regione, o daugiausiai,
trylika, nustatyta Aro121 regione. Aro063, Ang151 ir Ang114 regionuose, kuriuose atitinkamai
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nustatyta 9, 8 ir 11 aleliy. 3 lenteléje atliktos analizés su visomis turimomis unguriy imtimis i$
Lietuvos ir Latvijos rezultatai (Fst = 0,0084, p < 0,01, tick pagal aleling, tick pagal genotiping,
diferenciacija) indikuoja, nedidelg, bet statistiSkai labai patikima geneting diferenciacija. Tarp
ATPL ir INTR unguriy grupiy statistiskai patikimos genetinés diferenciacijos nenustatyta (I1I
analiz¢). Tarp Dringio ir Siesar¢io ezery unguriy imciy (IV analizé) nustatyta nedidele, bet
statistiSkai labai patikima genetiné diferenciacija (Fst = 0,0157; p < 0,01, tiek pagal aleling, tick

pagal genotiping, diferenciacija). Skirtingy analiziy F|s ir Fyr rezultatai yra panasus.

MtDNR D-kilpos regiono seky genetiné jvairové. Apskaiciuotos i§ turimy europinio
upinio ungurio mtDNR D-kilpos regiono duomeny @gr ir p vertés tarp ivairiy lyginamy unguriy
im¢iy kombinacijy yra pateiktos 4 lenteléje. Visi Sie rezultatai vienareikSmiskai indikuoja, jog
tirlamoji unguriy rasis yra panmiksine.

Sukonstruotas haplotipy tinklas, sudarytas i§ 229 A. anguilla mtDNR D-kilpos regiono
seky pateiktas 2 pav. Kadangi didelé haplotipy jvairové apsunkina $io haplotipy tinklo analizg,
buvo nuspresta artimy haplotipy sekas apjungti 1 didesnius vienetus — haplogrupes. Tokiu buidu
gautas 47 europinio upinio ungurio mtDNR D-kilpos regiono haplogrupiu tinklas (3 pav.). Visos
47 18skirtos europinio upinio ungurio mtDNR D-kilpos regiono haplogrupés gali biti
grupuojamos i didesnes grupes — superhaplogrupes (A, B, C, D, E, F, G, H, |, J, K, L).

Gauti europinio upinio ungurio mtDNR D-kilpos regiono superhaplogrupiy paplitimo
Europoje duomenys (4 pav.) yra dviprasmiski: 1) A, B, C, F, H ir I superhaplogrupiy paplitimas
visuose skirtinguose georafiniuose regionuose paremia A. anguilla panmiksijos hipoteze; 2) D,
E, G, J, K ir L superhaplogrupiy atstovy neaptikimas VidurZemio jiiros regione indikuoja
zymesnius genetinés ivairoves skirtumus tarp Vidurzemio juros regione gyvenanciy unguriy ir
kituose geografiniuose regionuose gyvenanéiy unguriy. Remiantis chaotisku skirtingoms
superhaplogrupéms priskiriamu unguriy paplitimu Europoje galime teigti, kad $io tyrimo
rezultatai dar karta patvirtina Zinoma fakta — tiriamos rusies populiacine-genetiné strukttra

pasiZymi genetine mozaika, kurios susiformavima lemia reproduktyviai izoliuotos grupés.

MtDNR cyt b seky genetiné jvairové. Skirtingai nuo analogisky europinio upinio
ungurio mtDNR D-kilpos regiono analiziy (4 lentel¢), kurios vienareikSmiskai indikavo, jog Si
rasis yra panmiksiné, mtDNR cyt b tyrimo duomenys 5 lenteléje rodo nedidelg, bet statistiskai
patikima geneting diferenciacija tarp SJR ir AVR unguriy iméiy (®st = 0,03831, p = 0,0053),
bei SP ir AVR unguriy imé&iy (Pst = 0,02968, p = 0,0251). Turimi duomenys suponuoja, jog
genetin¢ diferenciacija atsiranda dél SJR unguriy imties genetiniy skirtumy, lyginant su kitomis

unguriy imtimis.
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I$ viso sukonstruota i§ 201 europinio upinio ungurio mtDNR cyt b sekos haplotipy tinkla
(5 pav.) sudaro 34 skirtingi haplotipai, kurie gali bati priskirti 9 haplogrupéms. Europinio upinio
ungurio mtDNR cyt b haplogrupiu paplitimo Europoje ir Siaurés Afrikoje duomenys (6 pav.)
rodo, jog Siaurés jiros regiona reprezentuojandios unguriy imtys skiriasi nuo visy kity
geografiniy regiony, kuriuos reprezentuoja konkreCios unguriy imtys, neS joje nerasta
haplogrupés B atstovy. Baltijos juroje aptinkami haplogrupés B atstovai gal¢jo Cia atsirasti deél
iSplaukusiy i§ ezery introdukuoty unguriy. Haplogrupiy D ir E atstovuy neaptikta Vidurzemio
Jiros regione. Haplogrupés H atstovai rasti tik Anglijoje ir SiesarCio ezere. Daugiausia,

septynios, skirtingy haplogrupiy aptikta Baltijos jiiros unguriy imtyje.
Perca fluviatilis mtDNR D-kilpos regiono tyrimai

7 pav. pateikta NJ dendrograma, kuri yra pagrista Kxy atstumais tarp skirtingy eSeriy
im¢iy, apskaiciuotais naudojant Sruoga et al. (2007b) ir disertaciniame darbe tirty Latvijos ir
Lietuvos eSeriy mtDNR D-kilpos regiono seku duomenis. ESeriy im¢iy iSsidéstymas Sioje NJ
dendrogramoje atspindi ne tik Siy eSeriy im¢iy geografinius skirtumus, bet ir Latvijos ir Lietuvos
eSeriy genetinés [vairovés panaSuma tose imtyse, kurios aptinkamos arciau Baltijos juros.
Druksiy ezero eSeriy imtis NJ dendrogramoje uzima tarping padéti, atskirian¢ia DriikSiy ezero
eSeriy populiacija nuo kity tiriamy im¢iy.

SprendZiant 1§ poriniy palyginimy tarp visy Lietuvoje ir Latvijoje surinkty eSeriy im¢iy
Dgrir p verciy, genetiné diferenciacija didéja tarp geografiskai tolimesniy eSeriy im¢iy. Tarp kai
kuriy eSeriy im¢iy genetiné diferenciacija yra labai intensyvi (®st > 0,25), taciau patikimos
genetines diferenciacijos nenustatyta tarp vakary bei piety Lietuvos eSeriy populiacijy, kurias
Siame darbe reprezentuoja Baltijos juros, Kur§iy mariy, Nemuno ir Plateliy bei Metelio ezery
eSeriy imtys. DriikSiy eZero eSeriy imtis yra genetiSkai diferencijuota, lyginant su visomis
kitomis disertaciniame darbe tirtomis eSeriy imtimis.

ESerio mtDNR D-kilpos regiono haplotipy tinklas, sudarytas i§ 333 seky, kurios buvo
nustatytos disertacinio darbo bei ankstesniy tyrimuy (Nesbg et al. 1998b, Refseth et al. 1998,
Nesbg et al. 1999, Sruoga et al. 2007b) metu, pateiktas 8 pav. Dazniausiai Lietuvoje ir Latvijoje
aptinkami B ir F haplotipai. Kiekvieng i§ $iy haplotipy reprezentavo 80 eSeriy mtDNR seky. 1§
viso haplotipy tinkla sudaro 53 skirtingi haplotipai, 1§ kuriy 17 nustatyti pirma karta atliekant
molekulinius tyrimus disertacinio darbo metu. Keturi i§ Siy haplotipy (B5, B6, B7 ir C5)
nustatyti tik DriikSiy eZero eSeriy imtyje. Haplotipas F, dazniau aptinkamas Lietuvos eSeriy

imtyse, neaptiktas Druks$iy ezere bei visose Latvijos ezery eSeriy imtyse, iSskyrus Babytés ezero
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eSeriy imtj. Sis haplotipas didesniu dazniu aptinkamas aréiau Baltijos jiiros isikiirusiose eseriy
populiacijose.

Remiantis metodinéje disertacinio darbo dalyje apraSytais haplogrupiuy identifikavimo
principais visi eSeriy haplotipai sugrupuoti i devyniy eSerio mtDNR D-kilpos regiono
haplogrupiy tinkla. Taigi, visus 53 haplotipus galime priskirti 9 haplogrupéms. Didziausia
tvairove, trylika haplotipy, pasizyméjo haplogrupé B. ESeriu haplogrupiu pasiskirstymo
ypatumai Lietuvos vakarinéje ir rytin¢je dalyse bei Latvijos vakarinéje ir pietrytinéje dalyse

pateikti 9 pav.
Rezultaty aptarimas

Unguriy rusinés priklausomybés nustatymas. Gauti rezultatai vienareikSmiskai
patvirtina, kad A. anguilla, A. rostrata ir A. japonica rasiu identifikacija, analizuojant mtDNR
D-kilpos regiono 450-455 bp ilgio homologines sekas, buvo patikima. Remiantis disertacinio
darbo metu atliktais Anguilla genties rasiu mtDNR D-kilpos regiono tyrimais, galima teigti, jog
Siuo metu A. japonica ir A. rostrata risiy, tiek tirtuose Lietuvos vidaus vandens telkiniuose, tiek

Lietuvos teritoriniuose vandenyse néra.

A. anguilla DNR mikrosatelity tyrimy rezultaty aptarimas. Disertacinio darbo
rezultatai patvirtina, jog unguriai, kurie yra aptinkami Baltijos juroje, KurSiy mariose ir Rygos
lankoje, gali biiti vertinami kaip viena ATPL unguriy grupe, o skirtinguose Lietuvos ezeruose
gyvenantys unguriai pasizymi skirtinga genetine jvairove. Kadangi Lietuvos eZeruose biidavo
paleidZziami unguriy jaunikliai, pagaunami Anglijoje ir Prancizijoje skirtingais metais, tad
racionalu manyti, jog skirtingy atveZzamy ir iSleidZziamy unguriy jaunikliy partiju genotipai
Zymiai skyrési. Toks palaipsniui vykdomas vis naujy unguriy grupiy introdukavimas i Lietuvos
ezerus tur¢jo jtakoti Lietuvos ezery unguriy genetinés jvairovés formavimasi. Sia prielaida
patvirtina disertacinio darbo rezultatai, gauti nustaCius patikima geneting diferenciacija tarp
Dringio ir Siesarcio ezery unguriy im¢iy (3 lentele, IV analiz¢).

Reziumuojant, disertacinio darbo metu atliktas unguriy DNR mikrosatelity tyrimas
pagrindinai buvo skirtas iSsiaiSkinti ATPL ir INTR unguriy grupiy ypatybes ir skirtumus. Tenka
konstatuoti, kad mikrosatelitiniai Zymenys neatskleidé statistiSkai patikimy genetinés jvairovés
skirtumy tarp ATPL ir INTR unguriy grupiy. Siekiant patikrinti panmiksijos hipotezg A.

anguilla rtsyje, buvo nusprgsta naudoti mtDNR molekulinius Zymenis.

A. anguilla mtDNR D-kilpos regiono tyrimy rezultaty aptarimas. IStyrus 81 unguri, i§
viso Europoje buvo nustatyti 75 skirtingi mtDNR D-kilpos regiono haplotipai, priklausantys 30
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haplogrupiy (Lintas et al. 1998, Minegishi et al. 2005 bei nepublikuotas Murgia R., Tola G.,
Hirano J. ir Archer S. N. tyrimas). Disertacinio darbo metu buvo istirti 148 unguriai. Nustatyti
107 skirtingi haplotipai, priklausantys 39 haplogrupéms. Apjungus disertacinio darbo ir
ankstesniy tyréju duomenis, analizuoti 229 seky duomenys. Gauti rezultatai yra dviprasmiski,
nes vieni i§ jy paremia panmiksijos hipotez¢ A. anguilla rusyje, o kiti — neigia Sia hipotezg.
Pagrindiniai argumentai uz S§ios riiSies panmiksija: 1) nenustatyta patikima genetiné
diferenciacija tarp jvairiy lyginamuy unguriy imciy; 2) atsitiktinis daznesniy haplotipy,
haplogrupiy ir superhaplogrupiy paplitimas skirtinguose geografiniuose regionuose. Pagrindiniai
argumentai prieS S$ios raSies panmiksija: 1) unguriy populiaciné-genetiné struktiira
identifikuojama kaip genetiné mozaika; 2) fragmentuotai aptinkamos retos haplogrupés bei
superhaplogrupés; 3) neatsitiktinis haplotipy, kurie yra artimi evoliuciSkai, paplitimas
mikrogeografiniu mastu; 4) SJR ir VJR unguriy im&iy genetinés jvairovés charakteristiky
skirtumai, lyginant su kitomis unguriy imtimis. Tarp introdukuoty i Lietuvos ezerus unguriy
genetinés jvairovés ir Siaurés jiiroje bei Baltijos jiiroje esanéios unguriy genetinés jvairovés néra
zymiy skirtumy. Taciau, nustatyti Zymis genetinés ivairovés skirtumai, kuriuos atspindi
skirtingi haplotipai ir haplogrupés, ar net superhaplogrupés, tarp Lietuvos eZery unguriy im¢iy.
Apibendrinant visus gautus duomenis galime teigti, jog pagal motining linija europinis
upinis ungurys yra panmiksiné rasis, taCiau daugéja jrodymy, kad ankstesniais rasies

evoliucionavimo etapais $i Zuvis panmiksija nepasizyméjo.

A. anguilla mtDNR cyt b tyrimy rezultaty aptarimas. IStyrus 119 unguriy, i§ viso
Europoje ir $iaurés Afrikoje buvo nustatyta 20 skirtingy mtDNR cyt b haplotipy, priklausanciy 8
haplogrupéms (Aoyama & Tsukamoto 1997, Wolf et al. 2000, Aoyama et al. 2001, Daemen et
al. 2001, Lin et al. 2001, Minegishi et al. 2005 ir GenBank duomenys (EF427617-EF427618,
EU223996-EU223997, EU492326-EU492327)). Disertacinio darbo metu buvo iStirti 82
unguriai. Nustatyta 14 skirtingy ir ankstesniy tyrimy metu neaptikty haplotipy, priklausanciy 7
haplogrupéms. Apjungus disertacinio darbo ir ankstesniy tyréju duomenis, analizuoti 201 sekos
duomenys. Gauti rezultatai rodo, kad europinis upinis ungurys pasiZymi genetine mozaika.
Pazymétina, jog pirmakart nustatytos statistiSkai patikimos ®srt vertés naudojant mtDNA cyt b
Zymeni.

StatistiSkai patikima (p < 0,05) genetiné diferenciacija tarp ATPL ir INTR unguriy grupiuy,
naudojant cyt b tyrimuy duomenis, nenustatyta. Taciau Siesarcio ir Dringio eZeruose gyvenantys
unguriai pasizymi genetinés ijvairoves skirtumais, nes kiekviename 1§ ju aptikta skirtingy

haplotipy. Analizuojant europinio upinio ungurio mtDNR D-kilpos regiono ir cyt b tyrimy
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rezultatus iSryskéja, jog dvieju skirtingy mtDNR genetiniy zZymeny panaudojimas leidzia

atskleisti panasias genetinés jvairovés formavimosi tendencijas.

A. anguilla rasies genetiné mozaika. Kadangi iki Siol pasaulyje per mazai démesio buvo
skiriama europinio upinio ungurio vidurii§inés evoliucijos tyrimams, tad pagrindiné genetinés
mozaikos atsiradimo Sios raSies populiacijoje priezastis likdavo neiSaiSkinta. Detalesni
disertacinio darbo metu atlikti europinio upinio ungurio vidurtSinés evoliucijos tyrimai
atskleidé, kad pagrindiné genetinés mozaikos atsiradimo ungurio populiacijoje priezastis —
skirtingy unguriy evoliuciniy linijy egzistavimas. Gauti duomenys suponuoja, kad pagrindiné
priezastis, dél kurios nustatoma genetiné mozaika europinio upinio ungurio rusyje, negali biiti
paaiskinta genetinio nevienalytiSkumo, chaotisko genetinio nevienodumo ir/ar Hedgecocko

efekto savokomis (Selkoe et al. 2010, Hedgecock & Pudovkin 2011, Pujolar et al. 2011).

A. anguilla rasies populiacinés-genetinés struktiiros formavimasi jtakoj¢ veiksniai.
Galime i8skirti dvi galimas priezastis, dél kuriy $iuo metu yra priimta manyti, kad europinis
upinis ungurys yra panmiktiné rasis: 1) unguriy nerstavieciy bei maitinimosi viety geografinés
lokacijos poky¢iai, jtakoti ledynmecio; 2) jzZuvinimas, gal¢jgs kardinaliai paveikti unguriy
skaitlinguma ar net migracing elgsena.

Apibendrinant galima konstatuoti, kad disertacinio darbo metu tarp ATPL ir INTR
unguriy grupiy nustatyti genetinés ivairoves skirtumai buvo nedideli bei statistiSkai
nereik§mingi. Todeél vertéty testi unguriy genetinés jvairoveés tyrimus, orientuotus i sieki
sukaupti duomenis, irodancius, kad intensyvi antropogeniné veikla, susijusi su deSimtmecius
trunkancia stikliniy unguriy (Zuvinimo politika Europoje bei intensyvi suaugusiy unguriy
zvejyba turi (arba neturi) lemiamos itakos riiSies skaitlingumo mazéjimui, migracinés elgsenos

pokyciams bei diferencijuotos genetinés struktiiros praradimui.

Reproduktyviai izoliuotos A. anguilla individy grupés. Jei buty irodyta, kad A. anguilla
rusyje egzistuoja lokalios populiacijos, t. y. reproduktyviai izoliuotos unguriy grupés, kuriy
daugelio karty atstovai sugeba sugrizti i ju tévy nerstavietes, tuomet panmiksijos hipoteze Sioje
ruSyje turéty biiti atmesta. Nors iki Siol lokaliy unguriy populiacijy nenustatyta, bet apie jas
diskutuojama (Kettle & Haines 2006, Maes & Volckaert 2007). Disertacinio darbo duomenys
neleidzia atmesti panmiksijos hipotezés A. anguilla riiSyje, bet taip pat indikuoja, kad anksciau

lokalios unguriy populiacijos egzistavo.

DriikSiy eZero eSeriy populiacijos ypatybés. Nors antropogeninio poveikio itaka

DriikSiy ezero ichtiofaunai buvo akivaizdi, taciau iki Siol per mazai démesio buvo skiriama §io
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ezero zuvy risiy populiacinés-genetinés struktiros tyrimams. Tod¢l siekiant jvertinti Zmogaus
tikinés veiklos, susijusios su atominés energetikos vystymu, galima poveiki versliniy zuvy rasiy
populiacinés-genetinés struktiiros formavimuisi, disertacinio darbo metu buvo inicijuoti eSeriy,
kaip patogios modelinés rtiSies, natiraliai paplitusios Europos vandenyse, variabilaus mtDNR
D-kilpos regiono genetinés jvairovés tyrimai DrikSiy ezero ir kituose Lietuvos ir Latvijos
vidaus vandens telkiniuose. Atlikty tyrimy rezultatai rodo, jog DriikSiy eZero eSeriy populiacija
statistiSkai patikimai (p < 0,05) skiriasi nuo visy kity disertacinio darbo ir Sruoga et al. (2007b)
tyrimo metu tirty Lietuvos ir Latvijos eSeriy populiaciju. Be to, Druksiy ezero imtyje aptikti BS,
B6, B7 ir C5 haplotipai, kurie iki Siol nebuvo aptikti kitose Eurazijos lokacijose (8 pav.).
Maziausia genetiné diferenciacija nustatyta tarp NER ir DRU eSeriy im¢iy (®st = 0,03041, p <
0,01), o didziausia — tarp MET ir DRU eSeriy im&iu (®s7 = 0,38966, p < 0,001). Reziumuojant,
Siuo metu turimi disertacinio darbo duomenys rodo, kad DriikSiy ezero eseriy populiacijos
genetiniy skirtumy nuo kity Lietuvos eSeriuy populiaciju atsiradimui labiausiai turéjo itakos

istoriniai gamtiniai procesai, vyke ledynmecio metu.

ESeriy populiacijy genetinés diferenciacijos ypatybés Lietuvoje ir Latvijoje. Iki Siol
eSeriy populiacijy, gyvenanciy Lietuvoje ir Latvijoje, populiacinés genetikos tyrimai buvo gana
fragmentiski. Atlikti disertacinio darbo metu tyrimai rodo, kad didziausi eSeriy populiacijuy
genetiniai skirtumai nustatomi, lyginant vakary Lietuvos ir Latvijos eSeriy populiacijas su ryty

Lietuvos ir pietry¢iy Latvijos eSeriy populiacijomis.

ESeriy haplotipy ir haplogrupiy paplitimas Europoje. IStyrus 489 eSerius, i$ viso
Eurazijoje, nejskaitant Lietuvos ir Latvijos, nustatyti 35 skirtingi mtDNR D-kilpos regiono
haplotipai, priklausantys devynioms haplogrupéms (Nesbeo et al. 1998b, Refseth et al. 1998,
Nesbg et al. 1999 ir viena seka i§ GenBank (EF118012)). Dazniausiai Eurazijoje paplitg F ir C
haplotipai. Norvegijoje buvo nustatyta didziausia haplogrupés A haplotipy jvairove: A, Al, A2,
A3, A4 ir AS haplotipai. Kadangi Estijos eSeriy imtyse aptikti B1 ir B2 haplotipai, kurie nebuvo
aptikti Lietuvoje ir Latvijoje, priklauso haplogrupei B, tad galima teigti, jog kiekvienoje i$
Baltijos Saliy aptinkama savita eSeriy genetin¢ jvairove, kurios formavimasis buvo jtakotas
panasiy ar net bendry istoriniy gamtiniy procesy.

Disertacinio darbo metu iStyrus 262 eSerius, kurie buvo pagauti Lietuvos ir Latvijos vidaus
vandenyse, nustatyti 29 skirtingi haplotipai, priklausantys 7 haplogrupéms. IS Siy 29 haplotipy,
21 haplotipas buvo aptiktas tik disertacinio darbo metu tirtose eSeriy imtyse. Kadangi,
ankstesnio Sruoga et al. (2007b) tyrimo metu vakary Lietuvos bei Latvijos eSeriy imtyse
nustatyti astuoni haplotipai (A2, D1, E ir G bei F4, H1, L1 ir L2, atitinkamai) neaptikti Lietuvos
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ir Latvijos vidaus vandens telkiniy eSeriy imtyse, tad i$ viso Lietuvoje ir Latvijoje nustatyti 37
skirtingi haplotipai, reprezentuojantys visas haplogrupes, iSskyrus haplogrupe M, kuri
aptinkama piety Europoje. ESeriuy haplotipy paplitimo palyginimas Europos mastu atskleidzia
Baltijos Salyse gyvenancCiy eSeriy populiaciju genetinés jvairovés ypatumus: Baltijos Salyse
neaptikta haplogrupés M atstovy, o dominuoja haplogrupé B, kuri yra reta arba neaptinkama
kituose Europos regionuose (10 pav.). Remiantis tyrimo rezultatais galime teigti, kad nuo
Lietuvos pietvakarinés dalies iki Latvijos centrinés dalies plyti keliy skirtingy eSeriy genetiniy
linijy kontaktiné zona.

Apibendrinant, Iki Siol i§ viso Eurazijoje, iskaitant disertacinio darbo eSeriy imtis, buvo
iStirti 807 eSeriai ir nustatyta 60 skirtingy haplotipy, priklausanciy 9 haplogrupéms. Pastebéta,
jog ar¢iau Baltijos juros isikiirususiose eSeriy populiacijose, tipiSku atveju, aptinkama Siek tiek
didesné haplogrupiu ivairové, lyginant su rytuose gyvenanciais eSeriais, ta¢iau ryty Lietuvoje ir

Latvijoje aptinkama daugiau haplogrupiy A, B ir C atstovu.
ISVADOS

1. Sukonstruota originaliy pradmeny pora Angl yra tinkama europinio upinio ungurio
vidurtiS§inés genetinés jvairovés tyrimams bei gali buti panaudota A. anguilla ir A. japonica
rusiy identifikacijai.

2. Naudojant skirtingus europinio upinio ungurio DNR molekulinius Zymenis nustatyta, jog
europinis upinis ungurys pasiZymi santykinai didele genetine {vairove, o S§ios ruSies
populiacinei-genetinei struktiirai buidinga genetiné mozaika, kurios susiformavima lemia
reproduktyviai izoliuotos grupés. Visu genetinés ivairoveés charakteristiky vertés buvo
didesnés mtDNR D-kilpos regione, lyginant su tiriama cyt b geno sritimi.

3. Atlikus penkiy DNR mikrosatelitiniy regiony analizg¢ nustatyta patikima genetiné
diferenciacija tarp skirtingy Lietuvos ir Latvijos vidaus ir teritoriniuose vandenyse sugauty
unguriy im¢iy.

4. Nattraliai | Lietuva ir Latvija atplaukianc¢iy ir introdukuoty Lietuvos eZeruose unguriy
grupés pasizymi genetinés ivairovés skirtumais, taciau Sie skirtumai néra statistiSkai
reikSmingi. Atlikty tyrimy duomenys parodo, jog natiiraliai atplaukusiy ir {Zuvinty unguriy
kiekybinai genetinés {vairovés parametrai yra panaSiis. Skirtinguose Lietuvos eZeruose
izuvinti unguriai skiriasi mtDNR haplotipy jvairove.

5. Naudojant eserio mtDNR D-kilpos regiono Zymenis nustatyta, kad eSeriu populiacijos,

kurios gyvena vandens telkiniuose, esanciuose Salia Baltijos jiiros, ir eSeriy populiacijos,
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kurios aptinkamos Baltijos $aliy rytuose pasizymi skirtinga haplotipy ivairove bei yra
genetiSkai diferencijuotos.

Baltijos Salyse gyvenantys eSeriai pasizymi didziausia haplogrupés B haplotipy jvairove,
nebudinga kitiems Europos regionams. IS viso Lietuvos ir Latvijos vidaus vandenyse
nustatyta 30 skirtingy eSeriy haplotipu, i$ kuriy 21 haplotipas aptiktas pirma karta.

Druksiu ezero eSeriu populiacija yra savita ir genetiSkai diferencijuota nuo visy kity
Lietuvos ir Latvijos vidaus ir teritoriniuose vandenyse gyvenanciu eSeriy populiaciju, o
nustatyty genetiniy skirtumy atsiradimui didziausia itaka turéjo istoriniai gamtiniai procesai,

vyke ledynmecio metu.
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