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Abstract

Few studies have investigated the genetic diversity of populations of common and widespread
lichenized fungi using microsatellite markers, especially the relationships between different
measures of genetic diversity and environmental heterogeneity. The main aim of our study was
to investigate the population genetics of a widespread and mainly clonally reprodaniey
subfloridanaat the landscape scale, focusing on the comparison of lichen populations within
hemiboreal forest stands. Particular attention has been paid to the genetic differentiation of lichen
populations in two geographically distinct regions in Estonia and the relationships between forest
characteristics and measures of genetic diversity. We genotypedsiéathalli from eleven

lichen populations using seven specific fungal microsatellite markers. Measures of genetic
diversity (allelic richness, Shannon’s information index, Nei's unbiased genetic diversity, clonal
diversity, the number of multilocus genotypes, the number of private alleles, and the minimum

number of colonization events) were calculated and compared bdtisaeapopulations.
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Shared haplotypes, gene flow and AMOVA analysegasigthat unconstrained gene flow and
exchange of multilocus genotypes exist betweermvbegeographically remote regions in
Estonia. Stand age, mean circumference of thethewstsize of forest site and tree species
composition did not show any significant influerareallelic richness, Shannon’s information
index, Nei’'s unbiased genetic diversity, clonaladsity, the number of private alleles, and the
minimum number of colonization eventsWf subfloridanapopulations. Therefore it was
concluded that other factors of habitat heterodgrmeiuld probably have a more significant

effect on population genetics Of subfloridanapopulations.

Keywords forest age, genetic diversity, lichenized fumgicrosatellites, population genetics

1. Introduction

The genetic diversity, an important part of ovebatidiversity, enables evolutionary processes,
which provide the raw material for adaptation tamging environments, and ensure healthy
populations (Helm et al. 2009; Frankham et al. 20TBe genetic diversity of natural
populations results from cumulative effects of trigtal and present-day processes (Hewitt 2000;
Frankman et al. 2010); the latter include, for egeanchanges in the current habitat conditions
of the environment, which may influence dispergadwth and vitality of species. Estimating the
genetic variability within and among populationsgdaevealing genetic patterns of populations,
improves out understanding of the population histgenetic differentiation and gene flow
among populations (Werth et al. 2015). Populatienegics also contributes to our knowledge of
evolutionary processes, ecology, and conservaimody; for example, knowledge of genetic
structure and variation of natural populations ddag helpful in predicting the population fate in
fluctuating environment (e.g., climate change oe$b management) or estimating the effective

population size of populations (Scheidegger andth\V2009; Ouborg 2010).
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Previously published studies regarding geneticctiire and diversity of lichen-forming fungi
led to different conclusions for each species sti@dnd scale of geographical distribution (e.g.,
Werth 2010; Scheidegger et al. 2012; Alors et@L7). The genetic diversity of a lichen
population could be shaped by different factorerfironmental heterogeneity. Habitat quality,
measured as age or diameter of the host treegeisfaime most important factors affecting the
genetic patterns of lichen-forming fungi populagd®talora et al. 2011; Scheidegger et al.
2012). For example, Juriado et al. (2011) foundgadr genetic diversity in populations of the
Lobaria pulmonarialL.) Hoffm. and more juvenile thalli in old-growtbrests compared with
managed forests and wooded meadows. Furthermdfieredi types of disturbance (Werth et al.
2006a), environmental and microclimatic factorsdizna et al. 2014a; Otalora et al. 2015)
could also be significant in explaining the genstiticture and the distribution of gene pools of

lichen populations.

Microsatellites or simple sequence repeats (SSRg@mnsidered the most promising markers for
investigating the genetic variation and populastmcture of highly clonal organisms such as
lichens (Werth 2010). The microsatellites are higidlymorphic, species-specific, and
selectively neutral markers with the a high mutatiate, which provides a more powerful
resolution for estimating genetic diversity andiability among populations than former
sequence-based method (Selkoe and Toonen 2006; 2(40). To date, microsatellite primers
have been designed for several lichenized fungi,(Brieto et al. 2015; Lutsak et al. 2016;
Lagostina et al. 2017) and SSR markers have bemessfully applied for studying the genetic
diversity, phylogeographic structure, gene flow gedetic differentiation of lichen populations
(e.g., Walser et al. 2003; Otalora et al. 2011;\éath et al. 2014a). The majority of previous
studies which have considered the population geratiability of lichen-forming fungi using
microsatellite markers have used the threatengdymally rare or narrowly distributed lichens
(e.g., Nadyeina et al. 2014a; Jones et al. 2016tdPet al. 2015), but only a few studies have
reviewed the microsatellite diversity of common avidely distributed lichenized fungi and
genetic structure of their populations (Mansoustial. 2012; Degtjarenko et al. 2016; Alors et
al. 2017).
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In the current research we studied the populateretics of a common and widespread
lichenized fungus at the landscape scale, focusing comparison of lichen populations within
hemiboreal forest stands. To achieve this, thetgewnariation at seven microsatellite loci in the
mycobiont of the epiphytic lichedsnea subfloridan&tirt. in Estonia, Northern Europe was
investigated. The main objectives of this studyevé) to study the genetic differentiation @f
subfloridanapopulations in two separate regions of Estonia;(@ntb investigate the
relationships between habitat characteristics aedsores of genetic diversity df subfloridana

populations.

2. Material and methods

2.1 Studied species

Usnea subfloridan#s an epiphytic fruticose macrolichen with a waistribution across Eurasia,
Macaronesia, and North America (Nash et al. 20@rndRne et al. 2009; Smith et al. 2009). It is
is very frequent and one of the most commokssteaspecies in Estonia, occurring mostly on
Norway spruceRicea abiey Scots pineRinus sylvestrisand Silver birchBetula pendulg

and more rarely on other deciduous trees and ligfiidmma and Randlane 2007; Randlane et al.
2011).Usnea subfloridan# not protected locally, and is red-listed in B$toas Least
Concerned (LC) (Randlane et al. 2008). This speaejeduces asexually by symbiotic
propagules, soralia and isidia, lmatuld also propagate sexually, but specimens vaititheecia

are very rarely observed (Torra and Randlane 2R@rdlane et al. 2011). Recent phylogenetic
studies indicate thad. subfloridanais not a monophyletic entity but forms an interna>aade
with U. florida (L.) Weber ex F.H. Wigg., which is considered gingnary, fertile counterpart of
the sterileU. subfloridana(e.g., Articus et al. 2002; Saag et al. 2011; Markl. 2016). The
apotheciatéJ. florida reproduces exclusively sexually and always ladgetative propagules;

furthermore, it has distinct ecological requirenseptreferring old deciduous trees in areas with a
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high atmospheric humidity (Randlane et al. 2009itiset al. 2009), whild&J. subfloridanais
less ecologically demanding. To ddtk,florida has not been recorded from Estonia (Térra and
Randlane 2007).

2.2 Study area

The study area is situated in two separate regibfastonia, in P8lva County, in the southeastern
region (hereafter SE), and in LA&ne-Viru Countythi northern region (hereafter N) of Estonia,
Northern Europe (Fig. 1); the maximum distance leetwthe two studied areas is 184 km. The
study area has a characteristic temperate climiébeamwmean annual temperature of 6°C; the
mean annual precipitation is 672 mm, and the maad i8 3,7 m/s (Estonian Weather Service
2018). The vegetation of Estonia belongs to theiberaal forest zone, lying in the transitional
area, where the southern taiga forest subzone ekantp the spruce-hardwood subzone (Ahti et
al. 1986; Laasimer and Masing 1995). The two s&iths (SE and N) are both located within the
hemiboreal forest zone but in the different vegetasubdivisions, N Estonia being situated in
the slightly oceanic to indifferent section, and S&onia in the indifferent to slightly continental
section according (Ahti et al. 1986) and also fifedent regions according to the classifications
based on sedimentary bedrock (Viiding 1995) ank$ ¢Rieintam 1962). The study was carried
out inPinus sylvestriglominated boreal forests, belonging to @alis—Vaccinium myrtillus
theVaccinium myrtillusand thé/accinium vitis-idaedorest site types. These forest types are
also widely distributed in other Baltic states (KakStis 1966; Buss 1997), in Fennoscandia
(Dierpen 1996), and in northwest Russia (Fedorchuk &08l5).

2.3 Sampling

Fieldwork was carried out during the summer of 20aISE Estonia) and the autumn of 2014

(in N Estonia). The potential localities for samgliwere chosen from Forest Public Registry



145  maps using comparable forest characteristics firam forest survey (Forest Public Registry
146  2017). In totalUsnea subfloridang@opulations were sampled from eleven localitieghte

147  populations from SE and three populations from g (F Table 1). In each locality or lichen
148  population, 30—-62 samples were randomly colleatehNorway spruce up to 6 m from the
149  ground using a tree pruner (Table 1). On averdgeeUsneathalli were taken from a host tree;
150 if there were less than three thalli, only onevas specimens were sampled, while in other cases
151 more than tree specimens were collected for balgrttie samplingJsneapopulations were

152  defined according to the boundaries of forest siteging the same values of forest survey data
153  (forest site type, age of trees and proportiorre¥s in forest stand) according to Forest Public
154  Registry (2017). The tree circumference (BHC) wexrded for each sampled tree at breast
155  height (1.3 m). Other habitat characteristics @t@age, the proportion of pines and birches in
156  forest stands, and size of forest site sharing#mee values of data from forest survey) were
157  provided by from Forest Public Registry (2017). Grphical coordinates were recorded per
158 sampled tree with a GPS receiver Garmin GPSMAP 60C.

159

160

161 2.4 Chemical and molecular analyses

162

163  All collectedUsneathalli were air dried, cleaned to remove othenéic specimens, and

164 examined under a stereomicroscope. Thin layer catognaphy (TLC) with solvent A (Orange
165 etal. 2001) was used to confirm the identificatidrcollectedUsneaspecies. According to

166  morphology and chemical characteristics (Haloneal.€t999; Randlane et al. 2009; Clerc

167  2011), 578 specimens were identified.asubfloridanaand used in further molecular analyses;
168 another 79 specimens were removed from the samadirigey belonged to other, simildsnea
169  speciesl. glabrescengVain.) Vain. orU. wasmuthiiRasanen). Then, the 50 mg of e&ath

170  subfloridanaspecimen was maintained in 1.5 mL microtubes at&2til the molecular

171 analyses.

172
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The total genomic DNA was extracted using Powerf|&no DNA Isolation Kit (MO BIO
Laboratories, Inc., Qiagen, USA) according to trenafacturer’'s protocol. Seven fungal
microsatellite lociUs02 Us03 Us04 Us05 Us06 Us08 andUs09 were amplified in two
different multiplex PCR using QIAGEN Multiplex PGRt following the instructions described
in Torra et al. (2014) and Degtjarenko et al. (Q0E8agment lengths of PCR products were
determined on a 3730xI DNA Analyzer (Applied Biosymas) with LIZ-500 as the internal size
standard. The alleles were sized and genotyped @&emeMappér Software v5 (Applied
Biosystems).

2.5 Statistical analyses

The basic measurements of population statistiest(ttal number of alleles, mean number of
alleles per locus, Nei's unbiased genetic diver@ity Shannon’s information index (1), allelic
richness (A)) folUsnea subfloridang@opulations were calculated in the GenAlex ver 6.5
(Peakall and Smouse 2012) and the Microsatellitelyser ver 2.65 (MSA) (Dieringer and
Schldtterer 2003). The number of private alleleésp@ population were calculated using
software HP-Rare (Kalinowski 2005). Measurement& ahd P were standardized using the
rarefaction method implemented in the software HiPeRKalinowski 2005) and MSA
(Dieringer and Schldtterer 2003) respectively. Mbenber of multilocus genotypes (G), the
percentage of multilocus genotypes, i.e clonal @ity or genotypic diversity (M; the proportion
of different genotypes in the population, G/N), thmimum number of colonization events (C)
per population, and total number of multilocus ggpes from all populations were calculated in
the software R (R Core Team 2013) using the R sbyiWerth et al. (2006a). The number of
shared multilocus genotypes between populationscaasilated in the software ARLEQUIN
ver 3.5 (Excoffier and Lischer 2010). Hierarchiaahblyses of molecular variance (AMOVA)
with 999 permutations to estimate genetic diffaetidn were performed using GenAlex ver 6.5
(Peakall and Smouse 2012). The rate of gene flaw)(&tross seven loci between 11

populations was also estimated using GenAlex \Ee(Beakall and Smouse 2012). General
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regression model (GRM) analysis in the STATISTIG V.1 (StatSoft, Inc. 2005) was used to
study the relationship between different measurésngingenetic diversity (A, I, H, G, M, P, and
C) and the characteristics of forest stands. Eaglulption was characterized by the following
explanatory variables: (1) stand age (the squareafooldest tree age per forest stand); (2) mean
BHC of the host tree per population, values logdfarmed; (3) the number of sample size (the
square root of collected specimens per populati@)he size of forest site sharing the same
values of forest survey data (forest site type,@deees and proportion of trees in forest stand);
(5) the proportion of pines and birches in foréahds.

3. Results

3.1 Genetic variation of Usnea subfloridanain Estonia

In total, 66 alleles at seven microsatellite locbi’8 specimens from elevelsnea subfloridana
populations were detected (Table 1). All microdaeloci were polymorphic. The minimum
number of alleles was six in locWs04and the maximum number of alleles was 14 in locus
Us03 and, on average, 3.2-9.5 alleles were foundqmersl across eleven populations. The mean
number of alleles per population was comparatigetyilar in both regions, varying from 4.9 to
5.4 in populations from N region, and from 5.4 t0 in populations from SE region. We found
283 different multilocus genotypes across 578 spews in eleven lichen populations. Allelic
richness (A) ranged from 4.86 to 6.45 across etidn populations. Nei’'s unbiased genetic
diversity (H) varied from 0.58 to 0.65 (Table 1)I Kkchen populations, except no 3, had private
alleles (Table 1). Other detailed measurement&étic variation per population are given in
Table 1. The AMOVA results indicated that mostlod total variation (99%) was found within
populations, i.e. among individuals, followed bgrsficant variation among populations within
one region (0.5%; Table 2). The molecular variabetween populations from distinct regions
(0.5%) was also statistically significant (Table Bhe mean gene flow (Nm) for all populations

across seven loci was 8.52. The analyses for chgakiared haplotypes among populations in
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the software ARLEQUIN ver 3.5 (Excoffier and LisctZ10) revealed that dllsnea
populations shared the identical multilocus genesywith other populations as well as within

both regions (Fig. 2; Appendix A.1).

3.2 Genetic diversity of Usnea subfloridanain relation to forest stand heterogeneity

The relationships between different measurements (A G, M, P and C) of genetic variation
and characteristics of forest stands were studilkd.results of GRM showed that stand age,
mean BHC of the host tree per population, the nurabsample size, the size of forest site
sharing the same values of data from forest sulamy proportion of pines and birches in forest
stands did not reveal any significant influencefo, H, M, P and C (Appendix A.2). There was
a statistically significant association betweenrhenber of multilocus genotypes (G) and
sample size (i.e the number of collected/studietispens per population; SS=321.3; F=160.6;
p=0.0002; Appendix A.2).

4. Discussion

Seven microsatellite loci were used to study theatspecies genetic diversity of the common
and widespread lichen-forming fungusnea subfloridanaThe genetic differentiation dafsnea
populations from two geographically remote regionEstonia and the relationships between
characteristics of forest stands and measuresnaftigevariation peld. subfloridanapopulations
were investigated; the mainly clonally distributggecimenxhibited relatively high levels of
genetic diversity (H=0.62; SD=0.02; Table 1). Papioins of the pendulous and clonally
reproducingBryoria capillaris (Ach.) Brodo & D. Hawksw. anB. fuscescen&yeln.) Brodo &
D. Hawksw also revealed similar high levels of geneiversity, H=0.71 and H=0.79,
respectively (Nadyeina et al. 2014b). Previousiegidave also observed high levels of genetic

variation in other clonally reproducing cryptogasugh as the bryophyieurochaete



260  squarrosa(Brid.) Lindb. (Spagnuolo et al. 2007). The popiolas of predominantly asexually
261 reproducing lichen-forming fungusbaria pulmonariaexhibited slightly lower levels of genetic
262  diversity (H=0.46; SD=0.15) in Spain (Otalora etZ0111) and in Central Europe (Walser et al.
263  2005; Werth et al. 2006a). Population of strictlyaossing lichen-forming fungi#armelina

264  carporrhizansg(Taylor) Poelt & \ézda revealed very high levels of genetic diver@ity0.74—

265 0.90) and complete absence of clonality in the Megdinean region (Alors et al. 2017). Our
266  results support the view that mainly clonally rearoing species can have comparable high
267 levels of genetic variation, as have normally séyuaproducing species (Vrijenhoek 1990).
268  Usnea subfloridanaisually reproduces asexually by symbiotic propagjusoralia and isidia, but
269 rarely bears a few (single or a couple) apothesiaell (Clerc 2011) indicating the possibility of
270  only limited sexuality. These rare apothecia hdse been noticed in Estonian material (Torra
271 and Randlane 2007), but not in the study samples.

272

273  The AMOVA results demonstrated that most of thaltgenetic variation (99%) was due to

274  differences among individuals within studiggneapopulations; it also revealed a low

275  proportion (0.5%) of genetic variation attributedrégional differences (Table 2). High levels of
276  gene flow (Nm=8.52) or genetic similarity betwedrstudiedU. subfloridanapopulations was
277  demonstrated. The low dissimilarity could refldue dominance of clonal spread between

278  populations (Walser 2004). Moreover, it was foumat fichen populations shared common

279 identical multilocus genotypes between all popaladiand also between the two regions (Fig. 2;
280  Appendix A.1). The maximum geographical distancergthe populations sharing the

281 identical multilocus genotypes was 183 km, whicls whserved between population no 2 from
282 N region and population no 4 from SE region of B&to

283

284  Lichen-forming fungi reproducing via ascosporesagaly have long distance dispersal, while
285 clonally distributed species via isidia/soredidahallus fragments may have a restricted dispersal
286  and distinct genetic structure (Werth 2010; Wetthle2006b). Previous SSR-based studies on
287  population genetics of lichenized fungi showed fhatulations of predominantly asexually

288  reproducing-obaria pulmonariavere highly clonal and structured by limited disa capacity

10
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of vegetative propagules (Walser 2004; Werth e2@06b; Dal Grande et al. 2012). The
effective dispersal distance bf pulmonariahas been observed to remaery low, ranging

from 15-30 m (Juriado et al. 2011) to 140-200 mI6&fa2004; Werth et al. 2006b). Our results
indicated that in case &f. subfloridana exchange of lichen individuals or their vegetativ
propagules should exist between the populations #een different regions of Estonia, which
are located at almost 200 km from each other. ®hg distance between northern and
southeastern populations did not seem to be aeb#orithe dispersal of this species. The
morphological peculiarity (growth form of the thad) probably relevant to the efficient long-
range dispersal of pendulous taxa by thallus fragsaéloreover, it has been suggested that
drastic events such as storms or long-distancergeirds) may also play an important role in
the distribution of vegetative propagules thatteavier than sexual propagules (Walser 2004);
for example, Hogberg et al. (2002) suggested thgtation of the epiphytic lichebetharia
vulpina(L.) Hue from western North America to Europe aced via lightweight soredia,
overcoming the long distances between continetstefore, the long-distance transport of
lichen propagules by birds or strong winds andnssoseems not impossible in distribution of a
common and widespread pendant lichen. Further rgssaould focus on determining the long-

range propagule dispersal by pendulbusubfloridana

Unconstrained gene exchange among populations lsaynaicate the connectedness of forest
patches in different regions, or at least histdisicd he significance of landscape-scale
parameters (including, for example, historic woodlatructure or distances from the study area
to the nearest contemporary or historic forest)hencolonization and richness of lichens has
been demonstrated earlier (Ellis and Coppins 2B@ndlane et al. 2017). Currently, about half
of the territory in Estonia is covered by fore®a(dsaar et al. 2016); prior to agricultural
activity (ca. 3000 years ago) this figure was npzebably more than 80%, while in the 1920—
1930s it was the most restricted (Part 2011). Qudysareas in both SE and N Estonia belong to
forested territories that have existed since 19989Jccording to historical topographic maps
(1:50 000) of the Estonian Land Board (2017). jtassible that well-connected populations of

lichens shared the individuals or propagules witlemological barriers and accumulated clones

11
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over many generations (Frankham et al. 2010).

No significant effect of forest characteristics antder explanatory variables of lichen

populations on the minimum numbers of colonizateents (C) and the number of private

alleles (P) were found in the studigd subfloridanapopulations (Appendix A.2). These findings
suggest that all observétsneapopulations had developed by multiple independantigration
events from a large, genetically diverse sourgeopiulations by rapid clonal spread. Neither the
age of forest stands (based on the oldest tre&e istands) nor circumference of host trees had a
significant effect on C and P. We also recordedh mglues (0.770.90; SD=0.04; Table 1) of

clonal diversity (M) inU. subfloridanapopulations and found no significant relationships
between the clonal diversity and forest stand ataristics (Appendix A.2). Thus the studied

lichen populations probably belonged to the sanmeadgaphic phase.

Given the fact that epiphytic lichen richness abdralance generally increase with forest stand
age and environmental heterogeneity (McCune 19%8nir et al. 2011), we hypothesized that
the genetic variability o). subfloridanapopulations could be influenced by the habitatumit
(estimated as age of forest stands or circumferehhbest tree), and tree species composition
could be important in maintaining the genetic dégrof epiphyte populations. However, the
GRM analyses showed that the age of forest stamtisiecumference of host tree did not
demonstrate a significant effect on any measurewfegenetic variability fotJ. subfloridana
populations (Appendix A.2), although the positikentd was observed between Nei's unbiased
genetic diversity (H) and age of forest stands.séhesults are consistent with those of
Degtjarenko et al. (2016) who did not reveal a sicgnt effect of the average age of lichen
phorophyte on the genetic variationlfsubfloridanapopulations. A possible explanation for
our result might be that variation in age of a $drsand (92174; SD=34.1; Table 1) was not
sufficient to reveal a difference between young aladgrowth forests; for example, Juriado et
al. (2011) showed that genetic diversityLoppulmonariapopulations was significantly higher in
habitats of old-growth forests than in manageddisrand wooded meadows; furthermore, the
relationship between stand age and genetic diyaestiichen populations within the habitats

was significantly positive only for wooded meado@gerde et al. (2012) also demonstrated that

12
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no significant differences were detected in hagetsichness (based on data from two
microsatellite loci) oL. pulmonariacollected in either young (40-120 years) or o4{0d200

years) forests.

Our observations support the hypothesis that sdgedr tree species composition are not of
great importance in explaining the genetic patteifris. subfloridanafor example, Boudreault
et al. (2009) showed that the relationships betwesnage and epiphytic biomasdusinea
species was not linear in boreal forest: the bienadtlsneaspecies tended to decrease in 150
year old forest stands. The abundancesfeathalli could be explained by the availability of
branches on spruces, regardless of tree age (RalsthRolstad 1999). It is also possible that
microclimatic heterogeneity (e.g. humidity, wincesgd, canopy openness) could have a more
consequential influence di subfloridanapopulations than habitat age and tree species
composition; for instance, annual precipitation dagffect on genetic diversity bbbaria
pulmonariapopulations in the Iberian Peninsula (Otalora e2@15). Further research involving
microclimatic measurements may determine the nmggoitant factors in shaping the genetic

patterns ofJ. subfloridanapopulations.

5. Conclusions

Our study was aimed at studying the population tesef the widespread epiphyliisnea
subfloridanain hemiboreal forest stands in Estonia. The resotlicated that populations of
mainly clonally reproducingy. subfloridanaexhibited relatively high levels of genetic diveysi
revealing a spatially unrestricted dispersal ohiitials. Only a negligible genetic
differentiation ofU. subfloridanapopulations between two geographically remotearegyof
Estonia was found. Therefore it was concluded uhabnstrained gene flow and multilocus
genotypes exchange occurs ambhgubfloridanapopulations between the two geographical
regions or had occurred at least in the past. irstudy, the stand age, mean circumference of

the host tree, size of forest site sharing the saahees of forest survey data and the proportion

13
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of birches and pines in the forest stand did ne¢akany significant influence on allelic richness
(A), Shannon’s information index (I), Nei's unbiasgenetic diversity (H), clonal diversity (M),
the number of private alleles (P), and the minimmumber of colonization events (C) Of
subfloridanapopulations. We suggest that stand age or tra@espeomposition is not of great

importance in explaining the genetic patterns efgendulous epiphytic lichds. subfloridana.
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560 Figurelegend

561

562 Fig 1 — Distribution map ofJsnea subfloridanan Estonia (marked with light grey squares), and
563  study populations (dark grey circles) in the soatitern and the northern regions of Estonia.
564

565 Fig 2 — Counts of shared haplotypes between papukRbfUsnea subfloridanan the

566  southeastern (SE) and the northern regions (Nytdria; the thickness of lines reflects the

567 number of shared haplotypes between populations.
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Table 1- Overview of the studiedUsnea subfloridana populations from the northern (1-3) and the scagtesn (4-11) regions of

Estonia: sample size, geographical coordinatesst@tand variables, and measurements of geneiatioa. Populations, the number of

population; Specimens, the number of collectedithal population; Trees, the number of host tfees which thalli were collected in

each population; Latitude, latitudinal coordinatéghe centre of forest site; Longitude, longitualicoordinates of the centre of forest

site; Age, the stand age (based on the oldest treéise stands); BHC, mean circumference (cm) ef lilost tree per population

(measured from each sampled tree at breast heigm)t Betula, proportion dBetula pendula in each forest site; Pinus, proportion of

Pinus sylvestris in each forest site; Size, the size of forest @i sharing the same values of forest survey, (@@gportion of trees in

forest stands, forest site type); H, Nei’s unbiagedetic diversity per population; A, standardizadelic richness per population; I,

Shannon’s information index per population; G, tluenber of multilocus genotypes per population; Mnal diversity per population;

C, the minimum number of colonization events peyydation; P, the number of private alleles per paton.

Variables Region Northern Southeastern Total

Population 1 2 3 4 5 6 7 8 9 10 11
Samplesize  Specimens 46 30 36 56 61 60 59 62 58 58 52 578

Trees 11 10 11 21 21 21 21 21 21 21 20 199
Coordinates  LatitudeN 59°339.1" 59°3854.6" 59°3431.1" 58°613.5' 58°628.2" 58°713.2" 58°723.8 58°723.0/ 58°851.8° 58°829.3' 58°754.7

LongitudeE  25°484.1" 25°4823.8' 25°5847.7" 27°428.9' 27°250.4'" 27°32.8" 26°596.0" 26°5920.3' 27°316.2" 27°32.3' 27°228.3
Forest stand Age 97 146 131 164 164 99 92 162 94 94 174
variables BHC 92.9 118.6 90.4 125.2 117.2 135.9 76.8 119.3 84.2 19.21 107.3

Betula 0.01 0 0 0.05 0.03 0.04 0.05 0.05 0.2 0.15 0.05

Pinus 0.78 0.8 0.81 0.85 0.65 0.5 0.65 0.6 0.4 0.6 0.55

Size 0.7 1.9 4.3 13.6 11.6 8.6 4.4 1.9 8.8 2.9 4

M ean

Genetic H 0.58 0.60 0.63 0.65 0.62 0.65 0.62 0.62 0.64 061 .640 0.62
variation A 5.33 4.86 5.26 6.22 5.31 5.71 5.60 5.37 6.45 539 .785 557

I 1.16 1.16 1.23 1.34 1.23 1.33 1.26 1.26 1.35 122 301 1.26

G 38 27 31 46 51 46 46 51 46 50 44

M 0.83 0.90 0.86 0.82 0.84 0.77 0.78 0.82 0.79 086 .850 0.83

C 9 9 10 9 10 10 9 10 11 9 9

P 0.25 0.18 0 0.45 0.11 0.12 0.22 0.11 0.52 0.22 0.12




Table 2 — Hierarchical analysis of molecular vatefAMOVA) for eleven populations of
Usnea subfloridana according to seven microsatellite loci. Bold-facedues of P represent

significant effect.

Sum of

Source of variation d.f. Variance  Percentage P
squar es

Among regions 1 4.778 0.011 0.5% 0.014

Among populations 9 25.576 0.012 0.5%  0.015

within region

Within populations 567 1253.054 2.210 99%  0.002

Total 577  1283.408 2.233
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Highlights

* Microsatellite diversity of Usnea subfloridana was studied in hemiboreal forests.

» Populations of U. subfloridana exhibited high levels of genetic diversity.

» Populations from remote regions of Estonia shared common multilocus genotypes.

* A highlevel of gene flow must have occurred between U. subfloridana populations.



