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Abstract

:

The phylogeography of the filed vole (Microtus agrestis) in Eurasia was thoroughly examined using mitochondrial DNA (mtDNA) of the cytochrome b (cytb) gene. However, the former conclusions about genetic variability and the contact zone of eastern and western genetic lineages in Lithuania were based on the analysis of a very limited number of individuals. In the present study, we examined 74 M. agrestis individuals trapped in four sites in the eastern, northern, and western parts of the country using sequence analysis of cytb and D-loop. Totals of 25 new cytb haplotypes and 19 new D-loop haplotypes were identified for this species. Higher nucleotide diversity was observed for D-loop (π = 0.01147 ± 0.00070) as compared to cytb (π = 0.00694 ± 0.00039). The phylogenetic analysis based on both loci revealed the presence of two genetic lineages, i.e., the eastern and western ones, which were mixed in Lithuanian samples, with the exception of the Rusnė site in the west of the country. Only the western lineage was observed in this island population of M. agrestis; the sample differed in low genetic variability and genetic differentiation from other investigated samples. We found D-loop to be an appropriate locus for the evaluation of the genetic variability of M. agrestis.
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1. Introduction


The field vole (Microtus agrestis) is a common and widespread Palaearctic species distributed from southeast Siberia westwards to Portugal and Great Britain [1], but is absent in Iceland, Ireland, and the southern part of Europe, being locally rare in the western and central parts of the distribution range [2,3]. Subspecies M. agrestis is present in Lithuania [4]. The species is a habitat generalist and occurs in grasslands, wet meadows, forested areas with dense herbaceous cover, riversides, heath areas, and various wetlands. Wet areas are preferred in all habitats [5].



In Lithuania, M. agrestis is widely distributed but not numerous [6]. Inhabited areas include a mixture of various habitats, most frequently meadows, forests, and wetlands; however, the species is also present in anthropogenic habitats, such as orchards [7], farmsteads [8] and ecotones with arable land [9]. As no publications containing generalized data on the relative abundance of the species and its proportions in small mammal communities are available, we include a brief overview on this topic in the Discussion.



Microtus agrestis is considered to represent the first radiation of Microtus voles in Europe after the glaciation [3]; therefore, various phylogenetic and genetic studies of the species have been conducted. At first, two major mitochondrial DNA lineages, southern and northern, were defined for M. agrestis in Fennoscandia based on polymorphisms of mitochondrial DNA (mtDNA) [10] reflecting post-glacial colonization of the region and defining a secondary contact zone in northern Sweden. Subsequently, three large phylogeographic groups with allopatric distributions (western, eastern, and southern) were defined based on DNA sequence variation along the whole 1140 bp-long mtDNA cytochrome b (cytb) gene [11]. Out of the three M. agrestis individuals from the same locality in Lithuania, two were related to the eastern, and one to the western, group. On the basis of this finding, it was suggested that a new contact zone for the species exists in Eastern Europe, extending the Fennoscandian contact zone of the western and eastern groups of M. agrestis to Lithuania [11]. Further on, the analysis of seven individuals of M. agrestis, five from southern, western, and northern Lithuania and two from southern Belarus, using 460 bp-long cytb, was conducted [12]. Five individuals from Lithuania represented the western mtDNA lineage [11], while the eastern lineage was identified in Belarus. Based on these findings, it was proposed that the contact zone of western and eastern lineages extends to Belarus [12].



Thus, conclusions about the existing contact zone of different M. agrestis lineages in Lithuania have been based on a very limited number and distribution of the sampled individuals. Contrary to these findings, the study of a much bigger sample of 190 voles from 13 locations in Poland did not show reproductive isolation between mtDNA lineages, and the eastern–western subdivision of microsatellites did not coincide with the distribution of mtDNA lineages [13].



In addition to species spread after the glaciation, the present-day distribution and the genetic structure of the species are influenced by climatic [14] and landscape factors [13], both being relevant at global and local levels. Anthropogenic transformations affect the distribution and abundance of M. agrestis [1,15]. Even in such a small country as Lithuania, there are geographic differences between small mammal communities [16] that should be clarified in analyzing the genetic variability of the species.



We examined the distribution and abundance of M. agrestis, as well as genetic variability and phylogeographic pattern, of this species in Lithuania via the sequence analysis of two mtDNA loci, cytb and the newly used D-loop.




2. Materials and Methods


2.1. Sample Collection


Samples for genetic analysis were collected in four regions of Lithuania (Figure 1). In 2011, voles were snap-trapped in a natural meadow, young and older forests in Zarasai district (55°45′ N, 25°45′ E), and a mowed meadow under forest succession in Pakruojis district (55°59′ N, 23°48′ E). In 2014, samples were collected from individuals trapped in the Joniškis district, a forest, a meadow, and shrub habitats (56°17′ N, 23°13′ E). In 2107, voles were trapped in a flooded meadow near Rusnė settlement (55°19′ N, 21°20′ E). The numbers of M. agrestis were 8, 24, 29 and 13, respectively; in total, 74 individuals were analyzed.



Traps were checked early in the morning to ensure freshness of material. After identifying the trapped small mammal species according to [17], M. agrestis individuals were dissected, and samples of the heart muscle were placed into numbered vials and kept in ethanol until the analysis.



Snap-trapping was justified, as under dissection we collected samples for parasitological research, analyses of the stable isotopes and elemental composition, and the evaluation of reproduction parameters.




2.2. DNA Extraction, Polymerase Chain Reaction (PCR) and Sequencing


Genomic DNA was extracted from ethanol-preserved hearts of M. agrestis with the help of a universal and rapid salt-extraction method [18] and eluted in 400 µL of nuclease-free water. The DNA concentration was measured with the spectrophotometer “NanoPhotometer® P-300” (Implen, München, Germany) and the samples were diluted to reach the final DNA concentration of 50 ng/µL.



The partial 767 bp-long cytb fragment was amplified using the following Micr-2L (5′-CAACAACAGCATTCTCATCA-3′) and Micr-2R (5′-TGCTCGTTGTTTTGAAGTGT-3′) primer pair, whereas the amplification of the D-loop region was carried out with the Pro+ (5′-CACCATCAGCACCCAAAGCTG-3′) and MicrF (5′-ATTTAAGGGGAACGTATGGACG-3′) primer pair yielding a 463 bp-long fragment. Primers targeting the cytb and D-loop of several vole species were designed with the help of Primer3Plus program [19]. PCRs were performed in the final 25 µL volume consisting of 5 µL 50 ng/μL DNA, 2.5 µL of 1 × PCR buffer (with 50 mM KCl), 1.25 µL of 25 mM MgCl2, 2.5 μL of 2mM dNTP, 1 U Taq DNA polymerase (Thermo Fisher Scientific Baltics, Vilnius, Lithuania), 1 µL of 5pmol of each primer and the remaining volume of nuclease-free water. The PCR cycling conditions started with 5 min at 95 °C, followed by 35 cycles of 45 s at 94 °C and at 55 °C for cytb, and at 58 °C for D-loop, and 60 s or 45 s for cytb and D-loop, respectively, at 72 °C, and ending with 5 min at 72 °C. In every PCR set, positive (DNA of known origin and of sufficient quality) and negative (water instead of template DNA) controls were added. The evaluation of PCR products was carried out using 1.5% agarose gel electrophoresis. The obtained PCR products were purified using exonuclease ExoI and alkaline phosphatase FastAP (Thermo Fisher Scientific Baltics, Vilnius, Lithuania) to remove unincorporated nucleotides and primers.



Purified PCR products were sequenced in both directions using the same forward and reverse primers as for PCR. The Big-Dye® Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific Baltics, Vilnius, Lithuania) and the 3500 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) were used to perform sequencing reactions according to the manufacturer’s instructions. The cytb and D-loop sequences generated in the present study were deposited in GenBank with accession numbers OP432322–OP432395 and OP432396–OP432469, respectively.




2.3. Data Analysis


Sequences derived in the present study were edited manually for ambiguously placed nucleotides and truncated by discarding the nucleotide sites where DNA binds to the primers. Afterwards the edited sequences were compared with those of M. agrestis and other closely related vole species by BLAST (megablast option) analysis (http://blast.ncbi.nlm.nih.gov/, accessed on 5 September 2022). For phylogeographic analysis, cytb sequences of M. agrestis from Lithuania obtained in the present study were compared with those obtained from GenBank, while only two complete mtDNA sequences of M. agrestis (MH152570 and MT410884) encompassing the D-loop region were available in GenBank. Different haplotypes of cytb and D-loop were identified using FaBox v. 1.5 [20].



DnaSP v. 6 software [21] was used for the estimation of intraspecific genetic variability in the examined samples of M. agrestis. The number of haplotypes (h), the number of polymorphic sites (S), the average number of nucleotide differences (K), the haplotype diversity (Hd), the nucleotide diversity (π) and the standard deviation (SD) for Hd and π were calculated.



Phylogenetic relationships between the haplotypes were inferred by coalescent simulations using a median-joining model [22] implemented in NETWORK v. 10.2.0.0. (https://www.fluxus-engineering.com/sharenet.htm, accessed on 8 September 2022). Multiple sequence alignments of cytb and D-loop sequences were generated with the help of the MUSCLE algorithm incorporated into the MEGA7 [23]. The MEGA7 package was used to select nucleotide substitution models (HKY + G for cytb and HKY for D-loop) with the best fit to the aligned sequences datasets and to construct phylogenetic trees inferred by a maximum likelihood method. The bootstrap method with 1000 replications was employed to test the robustness of the suggested phylogeny.



The genetic differentiation for samples of M. agrestis was assessed using ΦST between the population pairs with Arlequin v. 3.5.2.2 [24]. The statistical significance of each pairwise ΦST was tested by 10,000 permutations at the 95% confidence level. Principal coordinates analysis (PCoA) based on Nei’s [25] genetic distance was performed using GenAlEx v. 6.502 [26].





3. Results


3.1. Genetic Variation of M. agrestis


Based on 727 bp-long mtDNA cytb sequences of 74 M. agrestis, 25 haplotypes were identified. The ascertained haplotypes differed from each other by up to 1.5%, and by up to 11 single nucleotide polymorphisms (SNPs). The Cytb sequences of M. agrestis obtained in the present study showed up to 88.6% similarity when compared with those of other closely related voles of the genus Microtus (87.9–88.6% with M. dogramacii, 87.6–88.6% with M. kirgisorum, 87.4–88.3 with M. townsendii, 87.1–88.6 with M. arvalis, and 86.7–88.6% M. ilaeus). It should be noted that all 25 haplotypes defined in the current work differed in at least one SNP from other previously reported cytb haplotypes. The comparison of the obtained sequences with 574 sequences available in GenBank demonstrated 97.3–99.9% similarity with the sequences of the voles collected in Belarus, Finland, Romania, Lithuania, Denmark, Chechia, Germany, Sweeden, Russia, Scotland, Luxemburg, Netherlands, Poland, Norway, Wales, and England (Table 1).



A significantly lower sequence similarity was observed when comparing the cytb haplotypes identified in Lithuania with three sequences of 15 ones from the voles collected in France (JX284281-83, sequence similarity was 92.9–94.0%), three sequences of 5 ones from the voles collected in Switzerland (AY167160-61, MW478038, sequence similarity was 92.9–93.8%), and with sequences of the voles from Spain and Portugal (Table 1). The differences between the obtained sequences and those of the voles from Southern Europe and Western Europe were relatively high.



In total, 19 haplotypes were identified when examining 420 bp-long D-loop fragments. Based on D-loop, the sequence similarity was 97.6–100%, and at most 13 SNSs were observed when comparing the identified haplotypes. At D-loop, the obtained sequences shared 97.6–99.1% genetic similarity with two sequences of the same species available in GenBank (MH152570 and MT410884). Less than 92% sequence similarity was assessed when comparing D-loop sequences of M. agrestis with those of other vole species (89.5–91.2% with Neodon irene, 86.6–91.1% with Microtus thomasi, 84.3–90.5 with M. subterraneus, 88.3–90.5% with M. majori, 88.2–89.4% with M. ilaeus).



Based on cytb, the Lithuanian sample was distinguished by a moderate genetic variability in comparison with other samples (Table 2). The highest intrapopulation variabilities were determined for the voles from Switzerland and France, while the lowest ones were assessed for the voles from Portugal.



Similar values of two genetic variability estimates (K and Hd) were established for Lithuanian voles in both analyzed mtDNA loci; however, more than one and a half times higher π values were calculated for Lithuanian voles at the D-loop as compared to cytb (Table 2). Definitely the lowest values of genetic variability were calculated for the voles from the Rusnė sampling site in both loci.




3.2. Phylogenetic Groups of M. agrestis


The phylogenetic analysis based on cytb showed that sequences of M. agrestis collected in Lithuania were divided into two phylogenetic groups (Figure 2 and Figure 3). Based on cytb, 28 haplotypes identified in Lithuania, 25 established during the current study and three ones ascertained in a previous study (AY167176-78) were placed in two phylogenetic lineages (Figure 2a). Fifteen haplotypes identified in Lithuania were grouped together into the Eastern European lineage with 16 haplotypes from Russia, 10 from Finland, 7 from Norway and 1 from Sweden (Figure 3a). Another 13 haplotypes confirmed in Lithuania were grouped together into the Western European lineage with 7 sequences of the voles from Poland (Figure 3b). The phylogenetic structure within the D-loop was less expressed (Figure 2b). In total, 9 D-loop haplotypes (1 LTU, 3 LTU, 4 LTU, 5 LTU, 10 LTU, 13 LTU, 14 LTU, 18 LTU and 19 LTU) and the remaining 10 haplotypes most likely represented Western and Eastern European lineages, respectively.



In general, the individuals were assigned to the same genetic lineage based on both mtDNA loci, except for three individuals sampled in Pakruojis (Figure 1). The ratios of the identified eastern and western genetic lineages differed in the studied samples of Lithuania. Only the western lineage was confirmed in the isolated Rusnė sample, situated in the western part of Lithuania near the Baltic Sea. On the contrary, the eastern lineage was dominant in the eastern part of Lithuania (Zarasai sample), whereas, based on cytb, the proportion of one lineage did not exceed 60% in the two northern samples (Joniškis and Pakruojis) of Lithuania. Thus, both genetic lineages were mixed in Lithuania and had different frequencies depending on the geographical position of the sampling site.




3.3. Genetic Comparison of Lithuanian M. agrestis Populations


The examination of four northern, western, and eastern samples of M. agrestis showed high genetic differentiation based on cytb (ΦST = 0.20190; p < 0.001) and D-loop (ΦST = 0.24478; p < 0.001) sequences. High and statistically significant pairwise ΦST values were determined when comparing voles from the Rusnė site with those from the other three sites (Table 3). Thus, the pairwise ΦST comparison showed that the Rusnė sample was highly genetically divergent from other Lithuanian samples. The principal coordinates analysis (PCoA) showed the greatest genetic distance between the eastern (Zarasai) and western (Rusnė) samples (Figure 4).





4. Discussion


Easy access to fast DNA sequencing techniques, statistical methods, and software has increased the usage of various molecular markers. Nuclear-encoded genes (18S rRNA, 5.8S rRNA, 28S rRNA) and genes encoded by mtDNA (such as cytochrome c oxidase subunit I (COI), mitochondrial 12S, cytb, D-loop) are examples of utility [27]. The mtDNA cytb has been used not only for the reconstruction of mammalian phylogenies [28], but also for the identification of small mammal species [29]. In Microtus voles, cytb sequences provided a basis for the analysis of speciation; however, the list does not include M. agrestis [30].



In M. agrestis, research into genetic variability started in Sweden, proposing the subdivision of the population based on allozyme variation [31]. Later, the genetic subdivision of the Fennoscandian M. agrestis population was confirmed by mtDNA [10], evaluating the contact zone between the western and eastern lineages [32] and offering an explanation of the colonization history in Fennoscandian rodents [33].



Later, three M. agrestis phylogeographic groups—western, eastern, and southern—were defined by mtDNA analysis [11]. Based on the entire cytb, the genus Microtus was shown to be one of the most speciose mammalian genera in the Holarctic [34] with an ongoing process of speciation. The presence of three clades, western (in Western and Central Europe), eastern (extending from Lithuania to Asia) and southern (from Portugal to Hungary), gives reason to suppose that they were isolated in different glacial refugia [35]. However, the latest data show that the most divergent southern lineages are independent species, the Mediterranean field vole (M. lavernedii) and the Portuguese field vole (M. rozianus) [36]. This division is supported by the ecological and morphological characteristics of the species [37]. The complete mitochondrial genome of M. agrestis is 16,538 bp in length, encodes 13 protein-coding genes, 22 transfer RNA (tRNA) genes, and two ribosomal RNA (rRNA) genes, and is genetically closest to that of the sibling vole (Microtus rossiaemeridionalis) [38].



Based on a very limited number of samples, the contact zone between the eastern and western lineages of M. agrestis was defined, starting in southern Sweden [11] and extending to eastern Lithuania and eastern Belarus [12]. Different post-glaciation routes of population re-establishment from south and northeast are confirmed by the studies of mammals, birds, snakes, and fish—see references in [11]. The presence of different genetic lineages was also confirmed for the root vole (M. oeconomus) [39] and the common vole (M. arvalis) [40] in Poland.



Our results show that D-loop can be used for research on genetic variability and the genetic structure of M. agrestis (Table 2 and Table 3; Figure 4). Based on both the mtDNA loci examined, cytb and D-loop, two genetic lineages, eastern and western according to [11], were identified in Lithuania (Figure 2 and Figure 3). The eastern genetic lineage prevailed in the eastern part of the country, whereas in the northern part both lineages co-circulated. Only the western lineage was present in the western part (Figure 1). We explain the low genetic variability of the western sample by isolation (the sampling site is an island), genetic drift and the founder effect. Every spring the sampling site is flooded and re-populated from the nearest habitat.



Based on the examples of other small mammal species, such as the yellow-necked mice (Apodemus flavicollis) and M. oeconomus, we interpret our findings with respect to species abundance, the founder effect and the importance of local barriers [41,42]. In mice, the genetic similarity is correlated with population abundance and negatively correlated with the distance on the local scale. At a large population size and with high genetic variation, fluctuations in abundance have no big impact on genetic parameters [41], so we checked the situation of M. agrestis in the sampling sites in general, and in the year of genetic sampling.



With 1760 individuals trapped in Lithuania between 1975 and 2022, M. agrestis was the seventh species of small mammals according to its general share in the communities, comprising 2.8% of all trapped individuals. In 54.7% of trappings, M. agrestis was not trapped. The relative abundance was low, averaging 0.4 ± 0.04 individuals per 100 snap-traps (Balčiauskas, Balčiauskienė, unpubl.). Unlike the dominant small mammal species [16], no significant differences in the relative abundance and proportion of this species were observed in various parts of Lithuania (F9,480 = 1.49, p = 0.15 and F9,482 = 1.56, p = 0.12, respectively). The ecological parameters of M. agrestis in the sites where individuals were sampled for genetic analyses are presented in Table 4. In all trapping sites, M. agrestis is sympatric, and in most years syntopic (trapped in the same year and habitat), with two other grey vole species, M. arvalis and M. oeconomus, which are more abundant than M. agrestis.



How can differences in proportions of the eastern and western genetic lineages in M. agrestis from different sampling locations be explained? The main explanation is the re-colonization of the territory from different glacial refugia [3] and the zone of contact between the western and eastern lineages, moving southward from Finland [11]. However, our data show no zone of contact either in Lithuania or in eastern Poland [13], where both lineages are present in M. agrestis in all investigated sites, though their proportions differ. An absence of the eastern lineage in voles from Rusnė, western Lithuania, can depend on the barrier effect, as this location is separated from the mainland by the delta of the largest river in the country. As shown in M. oeconomus, genetic differences can be dependent on much weaker barriers [42]. Our material, however, is too limited to analyze gene introgression at the contact zone [47] or postglacial processes and bottlenecks [48,49].



Climate is the second factor affecting species distribution and changes in small mammal communities [50,51,52]. The average minimum temperature in January was shown to change patterns of genetic groups in both M. arvalis and M. agrestis [14]. With M. agrestis preferring wet habitats within the species range [3,5] and in Lithuania [6], the average annual precipitation is an important aspect [14]. Coupled with recent land-use changes, this is an important factor affecting small mammals [45,53,54]. Though recent changes in temperature and precipitation in Lithuania [55,56] and changes in the land use [57,58,59] are significant, data from earlier research into the genetic diversity of M. agrestis [11,12] are too scant to make comparisons or recognize changes in the presence and proportion of genetic lineages in the past two decades.
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Figure 1. The sampling of Microtus agrestis for genetic analysis (sites: 1—Joniškis, 2—Pakruojis, 3—Zarasai, 4—Rusnė), and the distribution of genetic lineages based on cytb (pie charts) and D-loop (bubble). Published data [11,12] are represented by paler colors. Note: the proportion of lineages according to cytb and D-loop differs only in site 2. 
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Figure 2. Median-joining networks of M. agrestis based on cytb (a) and D-loop (b) haplotypes detected in Lithuania. The circle area is proportional to the haplotype frequency. Hypothetical intermediate haplotypes are shown in black. Dashes display mutational steps. Colors are used to represent the sampling sites in Lithuania, JNS Joniškis, PKR Pakruojis, RSN Rusnė and ZRS Zarasai. 
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Figure 3. Fragments of maximum-likelihood phylogenetic trees based on cytb sequences of M. agrestis showing phylogenetic placement of haplotypes identified in Lithuania. (a) The Eastern European phylogenetic line encompassing some haplotypes determined in Lithuania, Russia, Finland, Norway, and Sweden. (b) The Western European line including some haplotypes identified in Lithuania and Poland. Haplotypes established in the present study are in boldface. LTU Lithuania, RUS Russia, FIN Finland, NOR Norway, SWE Sweden, POL Poland. 
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Figure 4. Principal coordinate analysis (PCoA) of genetic distances between four samples of M. agrestis from Lithuania based on cytb (a) and D-loop (b) sequences. 
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Table 1. Intraspecific and interspecific genetic comparison of obtained cytb sequences.
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	Sample
	GenBank acc. No.
	N
	Sequence Similarity (%)





	Belarus
	AY167155
	3
	98.76–99.59



	Finland
	AY167169, AY167173, AY167195-96, AY167198-99, AY167205, JX284248-51
	13
	98.49–99.73



	Romania
	AY167172
	3
	98.49–99.04



	Lithuania
	AY167176-78
	3
	98.35–99.86



	Denmark
	AY167179, AY167184, AY167194, GU563297-99, MT410884
	8
	98.21–99.31



	Czechia
	AY167151-52, AY167212
	4
	98.07–99.59



	Germany
	AY167210, DQ662095-102, DQ768138-42, DQ768145-47, GU563292-96, MK535087-92
	28
	98.07–99.59



	Sweden
	AY167167-68, AY167200-201, AY167203-204, AY167206-209, AY167211
	12
	98.07–99.59



	Russia
	AY167149, AY167153-54, AY16715356-57, AY167165-66, AY167171, AY167174-75, AY167180, AY167213, KF218950-52, GQ352470
	16
	97.94–99.59



	Scotland
	AY167181-82, AY167190, FJ619746-52, FJ619754-FJ619758, FJ619760-63, GU563195-239
	105
	97.94–99.59



	Luxembourg
	GU563291
	1
	97.94–98.76



	Netherlands
	AY167183
	1
	97.94–98.76



	Poland
	AY167176, AY167185, DQ662095, KF218875-949
	109
	97.80–99.86



	Norway
	AY167202, KF218851-73
	29
	97.66–99.59



	Wales
	FJ619778, FJ619782, FJ619784-86, GU563260-67
	17
	97.52–99.18



	England
	AY167150, AY167170, AY167191-93, AY167197, FJ619753, FJ619759, FJ619764-77, FJ619779-81, FJ619783, GU563240-59, GU563268-83
	105
	97.25–99.45



	France
	AY167188-89, GU563284-90, JX284281-83
	15
	92.85–99.59



	Switzerland
	AY167158-61, MW478038
	5
	92.85–99.04



	Spain
	AY167162-64, AY167187, JX284265, JX284273-80
	30
	91.88–94.22



	Portugal
	AY167186, JX284253-64, JX284266-72
	67
	91.61–93.26







N number of sequences.
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Table 2. Intra-population genetic variability of D-loop and cytb sequences of M. agrestis sensu lato.
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Sample

	
n

	
h

	
S

	
K

	
Hd ± SD

	
π ± SD






	
cytb




	
Switzerland

	
5

	
4

	
47

	
27.700000

	
1.000 ± 0.126

	
0.03810 ± 0.01049




	
France

	
15

	
11

	
59

	
19.35238

	
0.943 ± 0.045

	
0.02662 ± 0.00669




	
Russia

	
16

	
16

	
43

	
8.24167

	
1.000 ± 0.022

	
0.01134 ± 0.00104




	
Poland

	
109

	
66

	
72

	
7.38473

	
0.989 ± 0.003

	
0.01016 ± 0.00042




	
Spain

	
30

	
13

	
50

	
7.37471

	
0.903 ± 0.031

	
0.01014 ± 0.00234




	
Czechia

	
4

	
3

	
12

	
7.16667

	
0.833 ± 0.222

	
0.00986 ± 0.00258




	
Norway

	
29

	
24

	
44

	
7.05419

	
0.985 ± 0.014

	
0.00970 ± 0.00115




	
Germany

	
28

	
13

	
21

	
6.30072

	
0.920 ± 0.038

	
0.00867 ± 0.00052




	
England

	
105

	
52

	
56

	
6.20180

	
0.875 ± 0.029

	
0.00853 ± 0.00063




	
Sweden

	
12

	
10

	
22

	
5.87879

	
0.970 ± 0.044

	
0.00809 ± 0.00114




	
Wales

	
17

	
10

	
25

	
4.97059

	
0.919 ± 0.044

	
0.00684 ± 0.00110




	
Scotland

	
105

	
52

	
61

	
4.97289

	
0.957 ± 0.010

	
0.00684 ± 0.00033




	
Finland

	
13

	
11

	
16

	
3.92308

	
0.974 ± 0.039

	
0.00540 ± 0.00072




	
Denmark

	
8

	
7

	
13

	
3.60714

	
0.964 ± 0.077

	
0.00496 ± 0.00203




	
Portugal

	
67

	
12

	
15

	
1.70240

	
0.767 ± 0.046

	
0.00234 ± 0.00032




	
Joniškis

	
29

	
11

	
19

	
5.38916

	
0.845 ± 0.045

	
0.00741 ± 0.00038




	
Pakruojis

	
24

	
11

	
17

	
4.63768

	
0.851 ± 0.054

	
0.00638 ± 0.00066




	
Zarasai

	
8

	
4

	
11

	
4.39286

	
0.821 ± 0.101

	
0.00604 ± 0.00138




	
Rusnė

	
13

	
2

	
2

	
0.30769

	
0.154 ± 0.126

	
0.00042 ± 0.00035




	
Lithuania *

	
77

	
28

	
35

	
5.04272

	
0.841 ± 0.038

	
0.00694 ± 0.00039




	
Overall

	
648

	
331

	
240

	
20.98218

	
0.990 ± 0.001

	
0.02890 ± 0.00001




	
D-loop




	
Pakruojis

	
24

	
8

	
16

	
4.59058

	
0.819 ± 0.050

	
0.01093 ± 0.00172




	
Joniškis

	
29

	
9

	
12

	
4.52422

	
0.829 ± 0.047

	
0.01077 ± 0.00061




	
Zarasai

	
8

	
3

	
9

	
3.50000

	
0.607 ± 0.164

	
0.00833 ± 0.00278




	
Rusnė

	
13

	
3

	
4

	
0.74359

	
0.295 ± 0.156

	
0.00177 ± 0.00097




	
Overall

	
74

	
19

	
25

	
4.81599

	
0.890 ± 0.021

	
0.01147 ± 0.00070








* 74 sequences determined in the present study and 3 sequences (AY167176-78) from [11]. N sample size, h number of haplotypes, S number of polymorphic sites, K average number of nucleotide differences, Hd the haplotype diversity, π the nucleotide diversity, SD standard deviation.
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Table 3. Evaluation of genetic differentiation of M. agrestis samples from Lithuania. Pairwise ΦST values were calculated on the basis of cytb and D-loop, and the sequences are presented below and above the diagonal, respectively.
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	Joniškis
	Pakruojis
	Zarasai
	Rusnė





	Joniškis
	
	0.17332 **
	0.06341
	0.35922 ***



	Pakruojis
	0.08884 *
	
	0.31469 *
	0.11994 *



	Zarasai
	0.06349
	0.16033 *
	
	0.67878 ***



	Rusnė
	0.34939 ***
	0.23161 **
	0.68462 ***
	







* p < 0.05, ** p < 0.01, *** p < 0.001.
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Table 4. Relative abundance (RA, individuals per 100 trap days) of M. agrestis populations in the sampling sites and species proportion among all trapped individuals (%).
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Site

	
Average, 2004–2020

	
In the Year of Genetic Sampling




	
%

	
RA

	
%

	
RA

	
Source






	
Joniškis

	
3.3

	
0.67

	
2.2

	
0.49

	
[43]




	
Pakruojis

	
9.1

	
1.11

	
12.6

	
1.00

	
[44]




	
Zarasai

	
7.9

	
0.11

	
3.1

	
0.12

	
[45]




	
Rusnė

	
1.5

	
0.27

	
7.6

	
0.70

	
[46]
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