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Genetic monitoring of Eurasian beaver (Castor fiber) in Switzerland
and implications for the management of the species

Silvan Minnig, Christof Angst & Gwenaél Jacob

ABSTRACT. Eurasian beaver (Castor fiber) has been reintroduced in Switzerland between 1956 and 1977.
Individuals from the refugium population in France (C. /- galliae) were released in the Rhone catchment
area and in tributaries of the Rhine catchment area in Western Switzerland. Individuals from the refugium
populations from Norway (C. f. fiber) and Russia (C. f. orientoeuropaeus) were released in tributaries of the
Rhine catchment in Eastern Switzerland. In the Rhine basin beavers of different origins came into contact.
This study provides a first evaluation of the reintroduction program of beaver in Switzerland and gives
implications for the post-release genetic management of the Swiss beaver population. We report on the
genetic monitoring of the beaver population in Switzerland, based on the analysis of 251 dead found
individuals collected from 1998 to 2014 and a combination of mitochondrial and nuclear genetic markers.
We found no evidence of the presence of North American beaver (Castor canadensis) and we observed
three mitochondrial DNA haplotypes, assigned to the refugium populations in France (C. f. galliae),
Norway (C. f. fiber) and Germany (C. f- albicus). Based on the analysis of seven microsatellite loci, we
inferred that the beaver population in Switzerland consists of two genetic clusters and we found evidence of
a zone of secondary contact. We observed low levels of genetic diversity and we could show that
individuals separated by distances up to 50 km were closely related.
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FeHeTUYeCKMU MOHUTOPUHI eBpa3nnckoro 6obpa (Castor fiber)
M ero npakTnyeckoe NpuMeHeHue B yrpaBrieHMU BUOAOM
B LLiBenuapun

C. MuHHumHr, X. Anrcr, I'. Akob

PE3IOME. EBpasuniickuii 600p (Castor fiber) 6bu1 peuntpoayuuposas B llIBeiimapun B mepuos ¢ 1956 mo
1977 r. Ocobu u3 aBroxtoHHOo# nomyssituu C. /- galliae (Ppanius) ObUH IIepecesicHbl B 0acceitn PoHbI, a
TaKke Ha npuToku PeliHa B 3amaaHol yactu crpanbl. Ocobu u3 Hopeexckoit (C. f. fiber) u BOPOHEIKCKOM
(C. f. orientoeuropaeus) aBTOXTOHHBIX TIOMYJISIMHA OBUIM BBITYLIEHBI HA NPUTOKU PeiiHa B BOCTOYHOM
[IBetimapuu. Takum oOpazom, B OacceliHe PeitHa 0OuTar0OT OOOpHI pa3HOrO MPOUCXOXKACHUSI. B Hamem
HCCIIEIOBAaHUN CHEIaHa IepBas OIECHKA MPOTrpaMMbl PEeMHTpORyKuuu 000poB B IlIBeinapuu u maHbI
MIPAaKTHUECKHE PEKOMEHIAINHU ATl TOCIIEIYIOIIEro FTeHEeTHYECKOT0 MEHEPKMEHTA IIBEHIIapCKON TOIMyIIs-
uuu. [TpuBeeHpl MaTepualibl 110 MOHUTOPUHTY MomnyJisiiy 600poB B LIBelinapun Ha ocHOBe aHanuza 251
ocoOu (3BepH HaiijeHsl norudmmmu B mepuos ¢ 1998 mo 2014 r.) 1 KOMOMHAIMKM MUTOXOHPHAIBHBIX U
SIIEPHBIX TEHETHYECKUX MapKepoB. MBI He HalLIM JOKa3aTeNbCTB INPUCYTCTBUS CEBEPOAMEPHKAHCKUX
600poB (Castor canadensis), Ho Mbl Bbienn Tpu ramrotuna MTIHK, cBOHCTBEHHBIX aBTOXTOHHBIM
606pam @panmmu (C. f. galliae), Hopseruu (C. f. fiber) u I'epmanuu (C. f. albicus). Ha ocHOBe aHanm3a
CEeMHU MHKPOCATEIUIUTHBIX JIOKYCOB OBIJIO BBISIBIICHO: &) CyIllECTBOBaHUE Ha Teppuropun LlIBeiinapun 1Byx
TEHETHYECKUX KJIACTEpOB 00OpPOBOM MOMyJsAnUU U 0) CBUAETENHCTBO 30HBI BTOPUYHOTO KOHTaKTa. MBI
3aperuCTPUPOBAIHN HU3KUH yPOBEHb I'EHETHYECKOr0 PasHOo00pasus M MoKa3ajM, 4TO 0COOH, pas/ieJICHHbIC
Jqucraniyeld Mmenee 50 KM, SIBISIFOTCST OJIM3KO POJICTBEHHBIMH.

KJIFOYEBLIE CJIOBA: eBpaswuiickuii 600p, Castor fiber, penHTPOIYKITHSI, MUKPOCATECIUTHTHI, CTPYKTYpa
TIONYJIALMHY, HHOpEIHAs IeTPECCHs, POACTBEHHOCTb.
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Fig. 1. Reintroduction of Castor fiber in Switzerland: from 1956-1977, 141 beavers have been released at 30 sites (44 events).
Individuals from France (C. f. galliae, circles) were released in regions 1 and 2.1 and individuals from Norway (C. f. fiber,
triangles) and Russia (C. f. orientoeuropaeus, asterisk) were released in region 2.3 and 2.4. Later, individuals of fiber origin
were translocated from region 2.3 to region 2.1 in 1984 (1984). Two individuals from Bavaria (C. f. albicus, rhombus) and
galliae origin escaped from captivity in 1999 and 2000 (1999/2000). Dark dyed area: Rhone catchment, light dyed area: Rhine

catchment. Map: Biberfachstelle/CSCF, map-background: Swisstopo.

Introduction

To make a bridge between old and new classifica-
tion of Eurasian beaver, we indicated the subspecies in
brackets and called them refugium population. Individ-
uals from three refugium populations in France (Castor
fiber galliae), Norway (C. f. fiber) and Russia (C. f.
orientoeuropaeus; Ducroz et al., 2005; Durka et al.,
2005; Senn et al., 2014) have been released in Switzer-
land. The refugium populations C. f. galliae and C. f.
fiber belong to the Western Evolutionary Significant
Unit (ESU, Moritz, 1994), C. f. orientoeuropaeus be-
longs to the Eastern ESU (Durka et al., 2005; Halley,
2011, but see also Frosch et al., 2014; Biedrzycka et
al., 2014).

The last beaver population in Switzerland was extir-
pated at the beginning of the 19th century (Stocker,
1985) as a result of overhunting for fur, meat and
castoreum (Dewas et al., 2012). Between 1956 and
1977, 141 individuals were imported from the Rhone
valley (France), where the subspecies Castor fiber gal-
liae was described, from the Telemark Region (Nor-
way; C. f. fiber) and from Voronezh Province (Russia;
C. f. orientoeuropaeus) and released into 30 sites (44

events) in Switzerland (Fig. 1). Twenty-one C. f. galli-
ae individuals (hereafter galliae) were introduced in
the Rhone catchment (Region 1 in Fig. 1), of which 14
survived (Stocker, 1985; Angst, 2010). Thirty-seven
galliae individuals were released in the Three Lake
region (Region 2.1 in Fig. 1) and four individuals were
released in the surroundings of the city of Aarau (Re-
gion 2.3 in Fig. 1), of which in total 23 beavers sur-
vived. Seventy C. f. fiber individuals (hereafter fiber)
and nine C. f. orientoeuropaeus individuals (hereafter
orientoeur) were released in the region of Aarau (Region
2.3 in Fig. 1) and the region of Thurgau (Region 2.4 in
Fig. 1), of which 29 and five survived, respectively.
Nothing is known about the sex ratio of the reintroduced
beavers. At least at one cite two males were unintentially
reintroduced together (Stocker, 1985). Two individuals
were translocated from Region 2.4 into Region 2.1 in
1984. Five individuals escaped from a zoological garden
in the Region 2.1 in 1999 and 2000 respectively (Gros-
senbacher, 2005). Since 1993, the species has increased
both in distribution range and numbers to reach 1600
individuals at the last census (Angst, 2010; Dewas et al.,
2012) and 2800 individuals in 2015 (BAFU, 2016).
Following this population expansion, experts recom-
mend to downgrade the status of the beaver in Switzer-
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land from today still “critically endangered” (CR, Duelli,
1994). The red list of mammals is currently in revision.

In the present study, we used molecular techniques
to monitor the Swiss beaver population and to address
three main questions relevant for the conservation and
management of the species:

1. We used mitochondrial DNA analysis to assign
individuals to a species and determine if the North
American beaver (Castor canadensis) was present in
Switzerland.

2. We also assessed the level of genetic diversity of
the beaver population in Switzerland and within ref-
ugium populations.

3. Finally we assessed the level of genetic structure
of the beaver population in Switzerland to detect ad-
mixture zones between two regions in Switzerland.

Material and methods

Samples. We analysed 251 specimens found dead
in Switzerland (241 with known location and ten with-
out), of which 191 tissue samples (milt, liver and mus-
cle) were collected by the Zentrum fiir Fisch- und Wildti-
ermedizin FIWI (University of Berne, Switzerland) be-
tween 1998 and 2014, and 43 hair samples and 17
tissue samples (tongue) were collected by cantonal au-
thorities and game wardens between 2008 and 2013.

DNA Extraction. We extracted DNA from tissue
samples using the Invisorb Spin Tissue Mini Kit (Stratec
Molecular Company) following the manufacturer’s rec-
ommendations. DNA from hair samples was extracted
following standard Chelex extraction (Walsh et al.,
1991; Goossens et al., 1998). The root of 15-50 hairs
were cut, incubated for 5—6 hours at 56°C in 400 uL of
a 5% Chelex-100 solution (Bio-Rad) and for 8 min at
99°C. After incubation, samples were centrifuged and
the supernatant was transferred into a new tube for
storage (Suenga & Nakamura, 2005).

Analysis of the mitochondrial control region

DNA amplification. The hypervariable domain of
the control-region of the mitochondrial DNA (mtDNA-
CR) was amplified using the universal primers Thr-L
15926 and DL-H 16340 (Vila et al., 1999). Polymerase
chain reactions (PCR) were set in 25 puL volume, con-
taining 12.5 pL of Type-it Master Mix (Qiagen) and 0.3
uM of each primer. PCR conditions were as follows: an
initial denaturation step at 94°C for 5 min, followed by
35 cycles (94°C for 45 sec, 50°C for 120 sec and 72°C
for 60 sec) and a final elongation step at 60°C for 15
min. PCR products were purified and sequenced (Sanger
reaction).

Sequence analysis. Sequences were edited and
aligned with SEQUENCHER (Gene Codes), BIOEDIT
(Hall, 1999) and CLUSTAW (Thompson ef al., 1994)
forall 251 specimens. Phylogenetic relationship among
haplotypes was assessed using Neighbor Joining (NJ)
method in MEGA (Tamura ez al., 2011). A NJ tree was
constructed from the matrix of pairwise genetic dis-

tances. Because of low variability in all sequences this
simple distance method was used (Nei & Kumar, 2000).
We also included twelve C. fiber haplotypes (GenBank
accession numbers AY623632-43) published in Ducroz
et al. (2005), four C. fiber haplotypes (GenBank acces-
sion numbers DQ088700-03) published in Durka et al.
(2005) and ten C. fiber haplotypes (GenBank accession
numbers KC693753—62) published in Biedrzycka et al.
(2014) in the NJ-tree. The tree was rooted with C. ca-
nadensis haplotypes (cal-ca3; GenBank accession num-
bers AY623644-AY623646) and the robustness of the
NI tree was tested with 1000 bootstrap replicates.

Microsatellite analysis

DNA amplification. All 251 individuals were geno-
typed at 11 microsatellites developed for American
beaver (Crawford et al., 2008; Pelz-Serrano et al.,
2009), of which six (Ccal9, Cca20, Cca56, Cca62,
Cca76 and Cca92) were modified and adapted for C.
fiber by the group of P. Munclinger (unpublished data,
personal communication). Two markers, Cca4 and Cca8
were excluded from further analyses due to suboptimal
amplification. The remaining nine markers were la-
belled with fluorescent dyes as follows: Cca5, Ccal3
and Cca62 (VIC), Ccal8, Cca20 and Cca76 (PET),
Ccal9 (FAM), Cca56 and Cca92 (NED), and amplified
in a single reaction (multiplex). PCR was performed
using Qiagen master mix in 10 pl reactions including 5
ul Type-it Master Mix (Qiagen), 3 ul DNA, 2 ul primer
mix with 0.2 mM each dNTP and 0.3 uM each primer.
The following thermal cycling parameters were used:
15 min at 95°C, 29 cycles of 30 s at 95°C, 90 s anneal-
ing at 56°C, 30 s at 72°C, and final elongation of 30 min
at 60°C. For all PCR reactions positive and negative
controls were included. DNA extracted from tissue
samples was amplified in three replicates and DNA
extracted from hair samples was amplified in four repli-
cates. The fragment lengths were analysed on an ABI
3130 DNA Analyzer (Applied Biosystems), using Ge-
nescan LIZ500 (Applied Biosystems) as an internal
size standard. Allele scoring was done with the soft-
ware GENEMAPPER (Applied Biosystems).

Genotyping analysis. Out of 251 samples analysed,
we selected 204 samples for which the sampling loca-
tion was known and that were genotyped at a minimum
of 5 microsatellites loci. We constructed a consensus
genotype for each individual (based on 3—4 replicates,
depending on the source of DNA) and we assigned
individuals carrying ga/ mtDNA haplotype to C. f.
galliae and those carrying fi/ mtDNA haplotype to C. f.
fiber. We estimated the number of allele per locus, and
the observed and expected heterozygosity at each locus
and we tested for deviation from Hardy-Weinberg ex-
pectations (HWE) at each locus using the software
GENALEX (Peakall & Smouse, 2006).

Population genetic structure. We inferred the genet-
ic structuring of the beaver population in Switzerland
using STRUCTURE (Pritchard ef al., 2000). We ran the
admixture model with correlated allele frequencies to
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Fig. 2. Distribution of mitochondrial DNA haplotypes in Switzerland: fil (Castor fiber fiber, triangle), gal (C. f. galliae,
circles) and ¢f5 (C. f. albicus, thombus). Dark dyed area: Rhone catchment, light dyed area: Rhine catchment. Map:

Biberfachstelle/CSCF, map-background: Swisstopo.

test for the presence of K = 2—10 genetic clusters. The
most likely number of clusters was determined based on
S iterations at each value of K and following the recom-
mendations of the user manual (Pritchard et al., 2000).
Spatial autocorrelation analysis. We used the spa-
tial autocorrelation option in GENALEX (Peakall &
Smouse, 2006) to estimate the relationship between indi-
vidual genotypes at seven microsatellite loci and the
effective distance between individuals, following the
assumptions that beavers only disperse along rivers and
never cross land between river systems. Effective dis-
tance among individuals was calculated using ARCGIS
(ESRI, 2011). The autocorrelation coefficient r is a mea-
sure of the similarity between pairs of individuals whose
locations falls within nine distances of 5-500 km. Ran-
dom permutations of individuals among distance class-
es allowed us to draw the distribution of the autocorre-
lation coefficient under the null hypothesis of no spatial
structure, which was used as a significance test.

Results

Mitochondrial amplification and mitochon-
drial haplotype analysis

We obtained a full sequence of the control region of
the mitochondrial DNA (490 bp) from 251 individuals.

We found no evidence for the presence of North Amer-
ican beaver (C. canadensis) in Switzerland. We could
identify three C. fiber haplotypes, which clustered (100
% similarity) with haplotypes from gal (C. f. galliae,
Ducroz et al., 2005), fil (C. f. fiber, Ducroz et al.,
2005) and ¢f5 (C. f. albicus, Biedrzycka et al., 2014).
This latter haplotype was found in Region 2.1 and most
likely correspond to individuals escaped from a zoolog-
ical garden in 1999-2000. We did not find haplotypes
assigned to C. f. orientoeuropaeus (Durka et al., 2005)
although individuals from Voronezh (Russia) were re-
leased in Switzerland (Fig. 2).

Only haplotype gal was observed in Region 1, the
three haplotypes were observed in Region 2.1, haplo-
types gal and fil were observed in Region 2.3, and
only haplotype fi/ was observed in Region 2.4.

Microsatellite analysis

Genetic diversity and pairwise relatedness analysis

Mean number of alleles across loci ranged from
2.33 (gal) to 2.67 (fil) and number of alleles per locus
ranged from 1 to 6 (two loci, Cca5 and Cca72, were
monomorphic). Significant overall deviation from Har-
dy-Weinberg equilibrium was detected in ga/ and fi/
individuals (Tab. 1). Four private alleles were found in
fil individuals (loci Cca56 and Cca62). We found low
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Table 1. Diversity of the seven microsatellite loci used in the study. For each locus, we report the origin, galliae (ga) or fi-
ber (fi), the sample size (n), the observed numbers of alleles (4o), the effective number of alleles (4,), observed heterozy-
gosity (H), expected heterozygosity (H,) and the outcome of test for deviation from Hardy-Weinberg expectations (HWE;

ns, not significant; *, p < 0.05; **, p <0.01; *** p <0.001).

Locus Origin n Ao A, H, H, HWE
Ccal3 fi 127 3 1.61 0.370 0.379 kK
Ccal3 ga 76 3 1.67 0.289 0.399 Howok
Ccal8 fi 127 2 1.77 0.417 0.434 ns
Ccal8 ga 76 2 1.31 0.197 0.238 ns
Ccal9 fi 125 3 1.97 0.408 0.491 Hkx
Ccal9 ga 73 3 1.63 0.329 0.385 kK
Cca20 fi 127 2 1.67 0.189 0.399 koK
Cca20 ga 76 2 1.41 0.276 0.292 ns
Cca5s fi 126 1 NA NA NA

Cca$ ga 76 1 NA NA NA

Cca56 fi 125 6 2.70 0.384 0.629 Hkk
Cca56 ga 75 4 1.81 0.373 0.447 ns
Cca62 fi 111 3 1.63 0.369 0.386 ok
Cca62 ga 70 3 1.08 0.071 0.069 ns
Cca72 fi 127 1 NA NA NA

Cca72 ga 76 1 NA NA NA

Cca92 fi 127 3 1.10 0.079 0.090 ns
Cca92 ga 76 2 1.55 0.276 0.354 ns

levels of genetic differentiation between gal and fil
individuals. (F. = 0.01).

We inferred the presence of K = 5 genetic clusters,
however, the genetic distance among clusters (Fig. 3)
suggests the presence of two groups of individuals
assigned to C. f- galliae (hereafter galliae, clusters 2 +
4 + 5, probability of assignment = 0.9) and to C. f. fiber
(hereafter fiber, clusters 1 + 3, probability of assign-
ment > 0.9).

We observed 67 individuals with haplotype ga/ and
assigned to galliae in Regions 1 and 2.1, 100 individu-
als with haplotype fi/ and assigned to fiber in Regions
2.3 and 2.4, and a zone of admixture between galliae
and fiber in Region 2.2 (most individuals with mixed
ancestry). We also found evidence of nuclear genome
replacement, as indicated by the occurrence of 34 indi-
viduals with haplotype fi/ and assigned to galliae and
one individual with haplotype gal and assigned to fiber.

Spatial autocorrelation was positive and significant
along the first four distance classes and suggests that
individuals separated by distances up to 50 km are
related to each other as first cousins (» = 0.25, Fig. 4).

Discussion

In the present study, we report on the genetic moni-
toring of the Swiss beaver population.

We found no evidence for the presence of North
American beaver (C. canadensis) despite the intensive
survey of the extent distribution range of the species.
Nonetheless, regular surveys of the Swiss population
and a close collaboration with neighbouring countries
are required to monitor the expansion of North Ameri-
can beaver and its possible colonization of Switzerland
(Dewas et al., 2012).

The 251 beavers analysed were assigned to Eur-
asian beaver and to three subspecies C. f. fiber, C. f.
galliae and C. f. albicus, which Durka et al. (2005)
grouped into a western phylogroup or Evolutionary
Significant Unit. Assignment of individuals using both
mitochondrial DNA (mtDNA) haplotypes and nuclear
microsatellites loci mirrored the origin of the founder
individuals. Indeed, individuals carrying haplotype ga/
and assigned to galliae occurred predominantly in West-
ern Switzerland, whereas those carrying haplotype fi/
and assigned to fiber occurred predominantly in East-
ern Switzerland.

The observed admixture zone in Region 2.1 result-
ed primarily from the translocation in 1984 of at least
one female fiber into an arca dominated by galliae
individuals, which led to the spread of the fi/ mtDNA
haplotype. Hybridisation and several generations of
backcrossing with galliae individuals led to the re-
placement of the fiber nuclear genome. This process
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Fig. 3. Neighbour-Joining tree among the 5 genetic clusters.
Individuals assigned to clusters 1 and 3 (bottom) were of
fiber origin, individuals assigned to clusters 2, 4 and 5 were
of galliae origin.

resulted in individuals carrying fi/ haplotype (mater-
nally inherited) and assigned to galliae based on the
information of nuclear (bi-parentally inherited) micro-
satellite loci. Increase in range (from East to West and
reverse; 2.3 and 2.4 to 2.1) and numbers of the beaver
population reinforced the introgression between galli-
ae and fiber genomes, and resulted in a large admixture
zone in Region 2.2, where most individuals showed a
mixed ancestry. Connection to the beaver population
from Eastern Switzerland (Regions 2.3 and 2.4) via the
River Aare favoured the spread of haplotype fil.

Two galliae individuals were released in Region
2.3, where only fiber individuals were present (Fig. 2).
We did not detect haplotype ga/ in Region 2.3, despite
of the large number of samples analysed, which sug-
gests that this introduction attempt failed already in an
early stage, or that only male individuals were released.

In Region 2.1 (especially in the southern part of this
region near the city of Bern), we detected galliae and

Correlogram of Spatial Autocorrelation
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Fig. 4. Correlogram of pairwise genetic relatedness for nine
distance classes ranging from 5 to 500 km. 7 is the coefficient
of similarity between individual genotypes within distance
class (solid line). Bootstrap error bars are also shown at each
distance class. Dotted lines (U and L) are upper and lower
confidence interval around the null hypothesis of no autocor-
relation among genotypes within distance classes (» = 0).

fiber individuals, as well as an individual carrying a C.
f. albicus haplotype. The River Aare upstream of the
city of Bern was probably colonised originally by three
galliae and albicus individuals that escaped in 1999
and 2000 from a zoological garden in the city of Bern.
These two events explain the presence of the haplo-
types gal and Cf5 along the River Aare. All the individ-
uals analysed showed evidence of introgression, which
suggests that there are no reproductive barriers among
descendants from the three refugium populations.

Beavers from Voronezh, Russia, were introduced at
two occasions in Regions 2.3 and 2.4 (Fig. 1), with six
individuals released between 1975 and 1977 (River
Sihl) and three individuals in 1977 (River Rhine; Stocker,
1985). Only the River Sihl was still occupied 2008
(Angst, 2010), but no evidence for the species presence
was found in 2015. We did not find any individuals
carrying a Voronezh haplotype. This result would sug-
gest that the local population established along the
River Sihl went extinct and was never connected to
beaver population located downstream. Senn et al.
(2014) detected an “Eastern” signal in the region where
individuals from Voronezh or Belarus were released,
which suggests that some C. /. ssp males have success-
fully reproduced and dispersed to neighbouring popu-
lations, and that their progeny survived. The analysis of
additional individuals originating from Region 2.3 and
2.4 may allow us to better understand the colonization
history of beaver in this area.

We found only three mtDNA haplotypes, one for C.
f- galliae, C. f. fiber and C. f. albicus, which all were
already reported in the literature (Durka et al., 2005;
Biedrzycka et al., 2014). The low level of haplotype
diversity reflects the low genetic variability in the bea-
ver populations used as sources for the re-introduction
program since 1956. Halley ef al. (2012) estimated the
minimum population size at 30 individuals in the lower
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Rhone (France), and 60-120 individuals in Telemark
(Norway). For the Elbe-region (Germany), the mini-
mum population size was estimated at 200 individuals
(Halley et al., 2012) and this relatively large number of
individuals may explain the higher level of genetic
variability observed in this refugium population (Durka
et al., 2005; Biedrzycka et al., 2014).

Low genetic diversity also negatively impacted our
estimation of the number of genetic clusters. Although
STRUCTURE (Pritchard et al., 2000) seems very ap-
pealing to infer the genetic structure of populations, the
biological interpretation of K genetic clusters is not
trivial. The Bayesian algorithm implemented in STRUC-
TURE is adequate for data sets with discrete popula-
tions and may perform poorly in the presence of isola-
tion by distance or inbreeding (Pritchard et al., 2000).
Therefore, it makes sense to stress on estimations of K
which include most of the structure in the genotypes
and that seem biologically sensible (Pritchard et al.,
2000). In our study, K = 5 had the highest likelihood.
Based on the analysis of the genetic distances among
the five genetic clusters, we concluded at the occur-
rence of two groups of genetically differentiated indi-
viduals in the Rhine basin (Region 2.1 to 2.4).

From the STRUCTURE output, it seems possible to
identify migrants (Bergl & Vigilant, 2006). We identi-
fied several putative long-distance migrants, but, from
what is known about beaver dispersal in Switzerland, it
seems unlikely that individuals would move over 150
km from Region 2.1 into Region 2.4 (The reintroduced
beavers in Switzerland moved between 4 and 50 km on
average; Stocker, 1985). This observation may be an
artefact resulting from the low genetic variability in the
Swiss beaver population at the seven variable microsat-
ellite markers used in the present study. To our knowl-
edge, no simulation studies have investigated the per-
formance of the STRUCTURE algorithm to infer the
genetic structure of populations and identify migrants
when genetic diversity is low.

As a next step, we will infer the genetic structure of
the Swiss population with the program STRUCTURE
(Pritchard et al., 2000) by using reference individuals
from the four refugium populations (France, Germany,
Norway and Russia) used to repopulate Switzerland.
Reference samples of known origin will improve our
ability to detect admixture and quantify the level of
ancestry for individuals collected in Switzerland and to
compare our results with previous analyses of the Swiss
population by Frosch et al. (2014) and Senn et al. (2014).

The analysis of autocorrelation based on Ritland’s
pairwise relatedness (Ritland, 1996, 2005) indicates
that all individuals separated by distance up to 50 km
are genetically related as first cousins. Despite of very
low level of genetic diversity the beaver population in
Switzerland has rapidly expanded, which suggests that
inbreeding depression is low. Ongoing admixture be-
tween galliae and fiber individuals is expected to in-
crease genetic diversity and to decrease the level of
genetic relatedness among individuals.

Our results suggest that extent management actions,
which consists in the revitalization of river-beds, the
protection of riparian forests and to diminish river bar-
riers like hydroelectric power stations are sufficient to
promote the spatial expansion of the species. However,
additional information is required about the potential
positive and negative effects of the admixture between
the two subpopulations. The next step will be to study
the causes of beaver mortality (focusing on potential
diseases) and to link the parasitic load of individuals
with their level of inbreeding. Evidence for inbreeding
depression may stress management actions to increase
genetic variability, for instance by translocations of
individuals between different regions of Switzerland.
However, we also need to make sure that the admixture
will not propagate diseases that are currently confined
to galliae or fiber individuals (IUCN/SSC, 2013). In-
deed, individuals within the refugium populations in
France and Norway may have adapted to local diseases
and there is a risk that contact zones between galliae
and fiber individuals may favour the spread of diseases
into areas where individuals are not adapted.

To conclude, the Eurasian beaver population from
Switzerland has rapidly expanded, which suggests that
the species is now firmly established. Additional stud-
ies will be conducted to fill gaps of knowledge on the
species biology.
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