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Abstract Habitat selectivity by European beaver (Castor
fiber L., 1758) was studied in 226 km of river channels
during their colonization of the Morava River basin (the
Czech Republic), which had not been occupied by beavers
for hundreds of years. The colonization started after initial
reintroductions in 1991 and 1992. Annual increases in
colonization of the river system from 1995 to 2007 were
15.5±9.4 SD km year−1 and varied greatly between these
years (min 0 km, max 33 km). Beavers appeared to be
following a dispersal pattern, in which distant sites are often
colonized before close-by sites. The selection of habitat
variables during the colonization process varied. In the
early phase of colonization, there were many areas with
optimal habitat that were not occupied by beavers, and
habitat selection appeared chaotic. After this early phase,
the most significant habitat variable related to beaver
occupation was shown to be the presence of willow (Salix
spp.) species. In the later phases, the beaver population
expanded into suboptimal habitat. Settlement distance from
roads, railways, and urbanized areas became less. When

comparing the generalized linear models, a model from the
winter of 2003/2004 had the best overall accuracy and
showed excellent agreement among observed and fitted
values (Cohen’s κ=0.75). The model suggests that beavers
established their home ranges at first in optimal habitat,
which had not been occupied before and then subsequently
in suboptimal/marginal areas.

Keywords Alluvial forests . Castoridae . Danube basin .

GIS . Riparian habitats . Species reintroduction

Introduction

After an absence of almost 260 years, thanks to a successful
reintroduction program and a continued natural population
expansion, the European (Eurasian) beaver (Castor fiber L.,
1758) has colonized most of the Morava River basin.
Population development and colonization started after the
release of 22 animals caught from the wild, which were
released over a 6-year period, in 1991, 1992, and 1996 into
the Litovelské Pomoraví Protected Landscape Area (PLA;
Fig. 1). For the reintroduction, European beavers of the
subspecies C. fiber vistulanus Matschie, 1907 from the
Suwalki area of north-east Poland (n=20) and from
Lithuania (n=2) were chosen (Kostkan and Lehký 1997;
Šafář 2002). Many channels of the Morava River flow
through Litovelské Pomoraví PLA maintaining a natural
water regime surrounded by well-preserved alluvial forests
(Fig. 1). The channels in the Morava River basin with
optimal beaver habitat, such as that suggested by Müller-
Schwarze and Sun (2003) with slowly meandering streams
with alder Alnus spp. or willow Salix spp. thickets near the
water, appear to be already settled by beavers with beavers
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still expanding deeper into less optimal channels. There are
no beaver dams in the studied river channels, principally
because they provide stable water levels, and moreover, the
main river channel is too large for beavers to dam (Hartman
and Tornlov 2006).

Most studies of habitat selection by beavers are short
term and generally treat resource use as though it is
temporally static on an annual scale (Schooley 1994).
Studies carried out on both beaver species European beaver
C. fiber and North American beaver Castor canadensis
mostly contain only data obtained during one season
(Slough and Sadleir 1977; Beier and Barrett 1987; Dieter
and McCabe 1989; McComb et al. 1990; Robel et al. 1993;
Hartman 1996; Barnes and Mallik 1997; Suzuki and
McComb 1998; Fustec et al. 2001; Fustec et al. 2003).
Howard and Larson (1985), Broschart et al. (1989), and
Fryxell (2001) have all described habitat selection based on
a longer period, however, but the research was conducted in
study areas which were already occupied by beavers when
the research began.

Hartman (1996) highlights that beaver habitat studies
carried out in populations which are near carrying capacity
may give little information about quality or preference of
habitat but rather give more appropriate information on
usable and unusable habitat. Hartman (1994; 1995) evaluated
long-term beaver population development and colonization
patterns in Sweden, but the data of beaver occurrence was
not sufficiently compounded with habitat selection.

The colonization process, which corresponds with
beaver dispersal and settlement, has mostly been studied
at the individual level using telemetry (Beer 1955; Leege
1968; Sun et al. 2000; Campbell et al. 2005; McNew and
Woolf 2005). The data on beaver dispersal, however, were
not sufficiently related to habitats. Only Nolet and Rosell
(1994) have combined studies on sequential settlement by
beavers with habitat selection.

The aim of this work was to examine habitat selection by
European beavers during colonization of river channels,
which had not been occupied by beavers for hundreds of
years.
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Materials and methods

Study area

The study area was in Moravia (the Czech Republic) and
covered the Morava River basin (Danube basin) upstream
of the city of Olomouc (Fig. 1). The Morava River section
studied comprises a stretch of channels 95 km in length,
which fall from 500 m a.s.l. in Hanušovice at 330th
r. kilometer to 205 m a.s.l in Olomouc at 233rd r. kilometer.
Third/fourth order rivers/channels were selected to be
studied based on the presence of beaver and were studied
upstream from their confluence with the Morava River;
31 km of the Desná River, 39 km of the Sázava River, and
26 km of the Třebůvka River were studied. The full length
of the seminatural channel Mlýnský Stream was also
studied (35 km).

The channels flow initially from narrow valleys where
they are generally surrounded by ash-alder alluvial forests
dominated by European alder (Alnus glutinosa L.) or ash
tree (Fraxinus excelsior L.) and small agricultural and
urban landscapes, to wide open plains where they are
surrounded by relatively well-preserved alluvial forests
and larger agricultural and urban landscapes. Alluvial
forests on the plains are characterized by three natural
plant communities. Near the water or in the water during
floods is generally where the riverine willow scrub is
located including willow species such as almond-leaved
willow (Salix triandra L.), common osier (Salix viminalis
L.), purple osier (Salix purpurea L.), and crack willow
(Salix fragilis L.). The second plant community willow-
poplar forests are dominated by white willow (Salix alba
L.), crack willow (S. fragilis L.), and black poplar
(Populus nigra L.). On the top of the riverbank occurred
hardwood forests dominated by common oak (Quercus
robur L.), European alder, and ash trees, accompanied by
small-leaved lime (Tilia cordata L.), European hornbeam
(Carpinus betulus L.), and bird cherry (Padus avium
Mill.).

The water regime along the channels is mostly regulated
and the banks are often stabilized by boulders. At the
downstream end of the study area, the Morava River has an
average flow of 20 m3 s−1, and the drainage area is
4,565 km2. Annual precipitation ranges from 550 to
800 mm, and mean temperature ranges from 7.5°C to 8.5°C.
In cold winters some stream sections are covered by ice for
several weeks.

The study area is partly covered by Litovelské Pomoraví
PLA, a Ramsar Wetland of International Importance, which
is also situated in a Site of Community Importance
CZ0714073—designated under the European Commission
Directive on the conservation of natural habitats and of wild
fauna and flora (92/43/EEC).

Data collection

Colonization of the river system

Colonization of the Morava River basin upstream from the
city of Olomouc by a reintroduced beaver population has
been monitored since the initial reintroduction in 1991 and
1992. The river channels were subdivided on the basis of
aerial photography (pixel 0.5 m, optimizing for the scale
1:5,000, Geodis Brno 2003) in Geographic Information
System (GIS) software (ArcView v. 3.1, Environmental
Systems Research Institute) into sections 500 m in length.
For each section the absence or presence of regular beaver
settlement was recorded and input to GIS during the winters
1993/1994 to 2006/2007. Prior to 2001, the history of
beaver settlement was compiled from field notes, thesis,
and literature (Kostkan 2000; Šafář 2002; John 2006,
2009). After 2001, all channels were surveyed by foot or
by boat at least once every 2 years. The presence of active
beaver colonies (beaver settlements) was recorded during
winter (December through to March) using a hand-held
Geographic Positioning System receiver to record individ-
ual signs of recent beaver activity (e.g., new timber cuts or
bark stripping, lodges/bank dens with evidence of recent
beaver activity). If the channel had not been surveyed in the
previous year, 1-year-old beaver activity signs were also
recorded. The maximum distance of colonization was
measured for each year as the distance separating each
new beaver settlement from the nearest settlement occupied
in the previous year. The ends of the sections where beaver
activity signs were last recorded were also surveyed 10 km
upstream and downstream to ensure all settlement sites
where identified. The decision to limit the survey by this
value was taken based on the premise that this value is
smaller than the annual increases in colonization of the
river system which were observed in the study from 1995 to
2005 16±10 SD km year−1 (John 2006).

Habitat characteristics

For each 500-m section of river channel, five physical and
two vegetation variables were estimated using GIS: water
shed area; stream width; stream gradient; stream sinuosity;
distance from roads, railways, and urbanized areas; willow
cover and canopy cover. Evaluated habitat variables were
chosen based on their use in other beaver habitat studies
and the ease to which they can be observed and used in
GIS. Habitat variables: stream width, stream gradient, and
upstream watershed area have no direct physiological
relevance for beaver performance but relate to water
conditions. Sinuosity was found to be an important
geomorphic and topographic variable by Hartman (1996).
Distance from roads, railways, and urbanized areas relate to
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human disturbance of beavers, which can influence beaver
behavior. This type of infrastructure can restrict beaver
activity at certain times of the day and night, and heavy
metals from road runoff may affect beaver physiology.
Moreover, road kills can have a direct affect on the beaver
population. Evaluated vegetation variables relate to beaver use
of timber focusing on willow species for food, security, and
building resources, as willow was the dominant tree species
within the study area and formed the vast majority (77%) of all
cut trees in the study area (John and Kostkan 2009).

To increase measurement of some variables, both river
banks were delineated on the basis of aerial photography in
GIS. The width of the channel was analyzed in GIS using
these delineated banks. Every section along the left bank
was subdivided into ten 50-m sections, to which measure-
ments were taken and then averaged. Sinuosity was
measured as a proportion of the length of the section
(500 m) and a straight line from one end of the section to
the other. The stream gradient was expressed as a
percentage slope. A 1:25,000 topographic map was used
to identify the elevations at the downstream and upstream
end of the sections. To determine the stream gradient, we
divided the vertical drop by the length of the section. The
upstream watershed area was determined using a 1:50,000
hydrologic map. The shortest distance between the center of
the section and roads, railways, and urbanized areas was
measured using GIS and the shortest distance to either of
these recorded. Tree canopy cover was analyzed using GIS;
on the basis of aerial photography, patches covered by trees
or scrub were digitized at a distance of up to 50 m from the
water’s edge on both banks. The decision to evaluate
canopy cover at this distance from the water’s edge was
based on earlier observations within the study area of the
limits of beaver activity signs (Kostkan et al. 2002; John
and Kostkan 2009). From May to September 2004 and
2007, field work was conducted to identify areas of willow
at each stream section.

Data analysis

To analyze habitat selection, we used the K-select analysis
(Calenge et al. 2005), relying on the concept of ecological
niche (Hutchinson 1957) that was primarily designed for
radio tracking habitat selection studies in which habitat
availability varies from animal to animal. This enabled the
K-select analysis to be used to study habitat selection
during the colonization process when habitats available to
beavers varied. Analysis was carried out using R software
(Ihaka and Gentleman 1996; R Development Core Team
2007) within package Adehabitat (Calenge 2006).

Binominal generalized linear models (GLMs) with a
logit link function were used to model beaver distribution.
For each field season, the model with the lowest Akaike

information criterion (AIC) was selected. The same datasets
used to construct the GLMs were also used to evaluate the
models based on the agreement between observed and
predicted beaver occurrence. Habitat use was predicted
binomially as the presence or the absence of beaver; the
values predicted by the GLMs were used after inverse link
transformation to predict the presence/absence of beavers
(threshold value=0.5). The performance of the GLMs was
evaluated using the κ statistic, which describes the
proportion of the correctly classified predictions after the
probability of chance agreement has been removed (Cohen
1960): k ¼ D� Qð Þ= n� Qð Þ, where D ¼ aþ d; Q ¼
aþ bð Þ aþ cð Þ=n½ � þ cþ dð Þ bþ dð Þ=n½ �, a is the number

of true positives correctly predicted, b is the number of
false positives incorrectly predicted, c is the number of false
negatives incorrectly predicted, d is the number of true
negatives correctly predicted, and n is the overall number of
the cases; aþ bþ cþ d. The κ values of 0–0.4 indicate
poor agreement, 0.4–0.75 indicates good agreement, and
0.75–1.0 indicates excellent agreement (Landis and Koch
1977). GLMs were constructed using the design package
(Harrell 2007) in R software (Ihaka and Gentleman 1996; R
Development Core Team 2007).

Results

Colonization of river system

Colonization of the river system by beavers dispersing from
release sites started 3 years after the initial releases. Annual
increases in colonization of the river system from 1995 to
2007 were 15.5±9.4 SD km year−1 and varied greatly
between these years (min 0 km, max 33 km). The beavers
appeared to be following a spatially discontinuous dispersal
pattern in which distant sites were often colonized before
close-by sites.

Following a static 3-year stage after the initial release,
the year-to-year change in the number of river sections
occupied by beavers steadily increased up to the winter of
1999/2000. During the winter of 1999/2000, almost twice
as many channels were occupied than in the previous
winter (Table 1). In 2006/2007, 90 km (39.8%) of the
226 km of river channels surveyed were occupied by
beavers.

Habitat features

Of the evaluated river system, mean width of channels was
13±6 SD m (range 4–42), mean sinuosity was 1.2±0.35 SD
(range 1–3.8), mean upstream watershed area was 1,088±
919 SD km2 (range 44–3,297), mean channel gradient was
2.7±3.7‰ (range 0.1–24), mean distance from roads,
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railways, and urbanized areas was 250±294 SD m (range
0–1,552), mean area of canopy cover was 17,725±
13,150 SD m2 (range 0–48,841), and mean area of willow
was 3,040±4,898 SD m2 (range 0–32,816).

Habitat selection

Based on the randomization tests on the marginality
vectors, habitat use was significantly nonrandom in each
year of the study (Table 1). The randomization tests for
each year and each variable indicated that from 1996/1997
to 2001/2002, channel sections with a higher area of willow
were used significantly more than expected under the
hypothesis of random use. The difference between used
and available willow was greatest in 1999/2000; after that,
the significance of this variable in relation to the others
declined. In the later phases of the study, from 2004 to 2007
when the channel gradient became a more significant
variable, the difference between usage and availability of
this variable had increased. After 2003/2004, channel
sections with a higher gradient were used significantly less
than what had been expected under random use. Other
significant variables in later phases of the colonization were
the area of watershed and distance from roads, railways,
and urbanized areas (Table 1).

The first eigenvalue of the K-select analysis is larger
than expected under the random habitat use hypothesis,
λ1=0.975 (p<0.0001); the next two eigenvalues are λ2=
0.147 and λ3=0.040. The progress of habitat selection
during the colonization process is illustrated in the charts of
K-select analysis (Fig. 2). Habitat selection appeared
chaotic during the first 3 years following the initial release.
This was due in part to a low population density and human
choice of release sites. After the first 3 years when the
beaver population started to expand, beavers selected wide
river channels with a high-percentage canopy cover of
willow to settle. After 2003/2004, beavers were more likely
to settle in channels with a higher gradient, smaller
watershed, and at a shorter distance to roads, railways,
and urbanized areas.

Models used to predict beaver colonization during the
early years after reintroduction showed poor prediction
rates mainly because they predicted beaver occupation in
many areas of optimal habitat, but the beavers were not
there. After 7 years up to the winter of 2003/2004, models
slowly showed better overall accuracy and quality of
predictions. Following the winter of 2003/2004, the quality
of model predictions slowly declined (Table 2). In the best
fit GLM (df=6, p<0.0001, adj. D-squared=0.57), which
was applied to the data from winter 2003/2004, the areas of

Table 1 Results of the randomization tests of habitat selection by beavers during colonization

Winter (a) Channel sections (b) Test of the marginality (c) Selection of habitat variables in each year

In SA Occupied Marginality p value WatA Sinuosity Gradient Width Canopy Willow RoadsD

1993/1994 145 8 0.801 0.0005 0.120 –0.212 0.083 –0.606a –0.050 –0.598a 0.081

1994/1995 145 10 0.377 0.0141 0.121 –0.197 0.017 –0.458b 0.142 –0.285 0.109

1995/1996 167 8 0.454 0.0056 0.062 0.151 –0.171 –0.414b 0.069 0.201 –0.425b

1996/1997 203 12 0.587 0.0025 0.271 0.181 –0.094 0.325 0.242 0.555b 0.002

1997/1998 210 14 1.034 0.0002 0.250 0.082 –0.077 0.417 0.301 0.833a –0.013

1998/1999 210 21 1.567 0.0001 0.271 0.000 –0.176 0.489b 0.572b 0.916a 0.239

1999/2000 232 41 1.396 0.0001 0.344 0.114 –0.210 0.250 0.469 0.932a 0.264

2000/2001 261 73 1.307 0.0002 0.459 0.381 –0.217 0.400 0.369 0.655a 0.422

2001/2002 261 85 1.565 0.0001 0.473 0.473 –0.261 0.291 0.508 0.631a 0.555b

2002/2003 261 124 1.016 0.0005 0.444 0.257 –0.216 0.155 0.447 0.455 0.524

2003/2004 312 143 1.306 0.0002 0.629b 0.260 –0.331 0.185 0.455 0.439 0.547b

2004/2005 388 164 1.552 0.0001 0.735a 0.328 –0.481a 0.221 0.410 0.401 0.544b

2005/2006 428 172 1.950 0.0001 0.782a 0.388 –0.723a 0.210 0.404 0.399 0.547b

2006/2007 452 180 1.974 0.0001 0.813a 0.387 –0.667a 0.269 0.424 0.428 0.531

The tests are based on 10,000 randomization steps. (a) Evaluated stream sections, In SA = stream sections considered as available for beavers in
study area (n), Occupied = with presence of beaver home range assessed based on the presence of active beaver signs. (b) Significance of the
marginality in each year, Bonferroni α level=0.05/14=0.0035. (c) Coordinates of marginality vectors on habitat variables (i.e., the differences
[mean used–mean available] for each year and each variable, Bonferroni α level=0.05/98=0.0005). WatA = watershed area, RoadsD = distance
from roads and urbanized areas
a Significant at 5% level
b Significant at 10% level
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watershed, sinuosity, gradient, width, willow cover, and
distance from roads, railways, and urbanized areas, were all
used as explanatory variables. A κ value of 0.75 showed
excellent agreement for this model. This may suggest that
before 2003/2004, not all optimal habitats were occupied
by beavers, and after 2003/2004, beavers were more likely
to settle in less optimal habitat.

Discussion

Over the 260 years that beavers have been absent from the
Morava River basin, the riverine system has remained
relatively unaltered with only a few river sections regulated.
Some man-made fish ponds, dating back to the Middle
Ages, still remain within the flood plains, and it was in
these fish ponds that beavers were first hunted in order to
protect fish stocks from beaver activities (Hošek 1966). It
was only during later centuries that beavers became
commercially hunted for meat, fur, and glands. It seems
likely therefore that beavers became extinct in the Morava
River basin in the early eightieth century due to over
hunting rather than habitat loss.

The vast majority of this study was carried out within
this relatively unaltered habitat along the meandering river
channels with a natural water regime, surrounded by flood

plain alluvial forests, which constitutes prime beaver habitat
(Nolet and Rosell 1998; Müller-Schwarze and Sun 2003) in
the Morava River basin.

The fundamental results of the study were that in such
prime habitat during colonization, shortly after a reintro-
duction, European beavers appear to follow a spatially
discontinuous dispersal pattern. In which, more distant sites
are often colonized before close-by sites. Beavers establish
their colonies in optimal habitat first, before they occupy
suboptimal/marginal habitats, with the relative explanatory
power of variables associated with beaver settlement
changing over time.

Initial phases of European beaver expansion
along the Morava River basin

Natural colonization of beavers started 3 years after the
initial release, which corresponds with movement of
beavers from their natal colony in their second or third
year of life before breeding (Hartman 1997). The annual
increase of beaver population range was similar to other
published studies. The distance traveled by colonizing
beavers in the Loire River (France) averaged 8.8±
12.8 SD km year–1 (min 0 km, max 80 km; Fustec et al.
2001) and in a Swedish study averaged 12–19.7 km year–1

(Hartman 1995). As in our study, these studies showed that
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the arrow indicates the centroid of the cloud of available points, and
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natural colonization by beavers often involved settlement of
distant sites earlier than those close to previously occupied
sites.

Many of the physical variables studied (e.g., channel
width, channel gradient, and area of watershed) were
related to water conditions, which when combined with
resource availability represent key factors in habitat
suitability for beavers (Slough and Sadleir 1977; Howard
and Larson 1985; Dieter and McCabe 1989; McComb et al.
1990; Fustec et al. 2001). Although the explanatory power
of habitat variables changed during the colonization
process. During the initial expansion phases of the
colonization, the most important habitat variable for
beavers setting up home ranges in our study was the area
of willow available. Although other studies have concluded
that vegetative variables added little to beaver habitat
models and identified geomorphic channel variables as
more important (Beier and Barrett 1987; Hartman 1996;
Suzuki and McComb 1998), this study seems to suggest
that beavers actively seek out areas dominated by willows
during their expansion phase along the Morava River basin.
Indeed, early observations by Zurowski and Kasperczyk
(1990) appear to suggest that a recently reintroduced beaver
population will tolerate environments with extreme water
fluctuations in order to settle close to willow habitat.
Therefore, willow habitat may be an important predictive
variable for beaver settlement in both optimal and
suboptimal/marginal habitat during expansion phases be-
fore a population reaches its climax capacity. However, care
must be taken when interpreting both the results of this
study and those of Zurowski and Kasperczyk (1990) as no
data are provided on tree species composition within the
studied areas, only the occurrence of beaver settlements in
relation to willow stands.

Later phases of European beaver expansion
along the Morava River basin

In the studied river channels, beavers did not modify water
levels by building dams, but they did have an effect on the
structure of the riparian forests (Kostkan et al. 2002). In
felling willows, which subsequently reshoot from the
remaining stumps, beavers create an increased biomass
and change the structure of the riparian zone by opening up
the ground layer (Kindschy 1985; Fustec et al. 2001).

If willow resources can be protected from other natural
processes, Aleksiuk (1968) believes territorial behavior of
beavers to be a self-regulating mechanism which prevents
resource depletion. This type of territorial behavior has
been shown in small telemetry trails carried out within the
study area. In these trails settlement pattern was found to be
influenced by high territoriality of beavers, as described by
(Nolet and Rosell 1994; Campbell et al. 2005). This patternT

ab
le

2
C
om

pa
ri
so
n
of

th
e
G
L
M
s
de
sc
ri
bi
ng

ha
bi
ta
t
se
le
ct
io
n
of

be
av
er
s
du

ri
ng

co
lo
ni
za
tio

n
(S
A
=
st
ud

y
ar
ea
,
W
at
A

=
w
at
er
sh
ed

ar
ea
,
R
oa
ds
D

=
di
st
an
ce

fr
om

ro
ad
s
an
d
ur
ba
ni
ze
d
ar
ea
s)

W
in
te
r

C
ha
nn
el

se
ct
io
ns

C
oe
ff
ic
ie
nt
s

df
p

A
dj
.
D
2

A
IC

κ

In
S
A

O
cc
up

ie
d

In
te
rc
ep
t

W
at
A

S
in
uo
si
ty

G
ra
di
en
t

W
id
th

C
an
op
y

W
ill
ow

R
oa
ds
D

19
93
/1
99

4
14

5
8

–2
.2
14

–1
.5
0E

–0
4

1
0.
07

0.
07

63
0

19
94
/1
99

5
14

5
10

–1
.5
83

–0
.0
70

1
0.
14

0.
03

75
0

19
95
/1
99

6
16

7
8

–1
.7
34

–0
.8
62

–1
.7
8E

–0
3

2
0.
13

0.
06

66
0

19
96
/1
99

7
20

3
12

–5
.0
95

9.
12
E
–0
4

6.
44
E
–0
5

2
0.
09

0.
05

92
0

19
97
/1
99

8
21

0
14

–4
.9
80

8.
41
E
–0
4

8.
76
E
–0
5

2
0.
01

0.
08

10
0

0

19
98
/1
99

9
21

0
21

–5
.7
02

1.
05
E
–0
3

2.
49
E
-0
5

9.
33
E
–0
5

3
0.
00
2

0.
13

12
6

0

19
99
/2
00

0
23

2
41

–3
.4
34

8.
23
E
–0
4

–0
.5
71

1.
26
E
–0
4

3
<
0.
00
01

0.
20

17
9

0.
30

20
00
/2
00

1
26

1
73

–5
.8
73

1.
14
E
–0
3

1.
38
1

1.
26
E
–0
4

8.
93
E
–0
4

4
<
0.
00
01

0.
25

24
0

0.
43

20
01
/2
00

2
26

1
85

–6
.5
08

1.
29
E
–0
3

1.
90
5

–0
.4
82

1.
43
E
–0
4

1.
75
E
–0
3

5
<
0.
00
01

0.
38

21
3

0.
59

20
02
/2
00

3
26

1
12

4
–4
.8
05

1.
71
E
–0
3

1.
04
5

–0
.5
39

–0
.0
60

1.
72
E
–0
4

3.
66
E
–0
3

6
<
0.
00
01

0.
47

20
1

0.
69

20
03
/2
00

4
31

2
14

3
–5
.2
77

2.
10
E
–0
3

1.
51
5

–0
.3
92

–0
.1
05

1.
85
E
–0
4

4.
32
E
–0
3

6
<
0.
00
01

0.
57

19
8

0.
75

20
04
/2
00

5
38

8
16

4
–3
.9
78

1.
78
E
–0
3

1.
57
1

–0
.1
83

–0
.1
21

1.
29
E
–0
4

3.
52
E
–0
3

6
<
0.
00
01

0.
50

27
6

0.
72

20
05
/2
00

6
42

8
17

2
–4
.5
42

1.
72
E
–0
3

2.
22
8

–0
.1
40

–0
.1
19

1.
25
E
–0
4

3.
14
E
–0
3

6
<
0.
00
01

0.
50

29
9

0.
70

20
06
/2
00

7
45

2
18

0
–5
.4
84

1.
86
E
–0
3

2.
50
4

–0
.1
11

2.
16
E
–0
4

3.
02
E
–0
3

5
<
0.
00
01

0.
52

30
2

0.
72

Eur J Wildl Res (2010) 56:663–671 669



is regarded as evidence that territorial behavior may limit
population density and appears to fit the assumption of
Nolet and Rosell (1994) that the number of beaver
territories is often smaller than the carrying capacity of
the habitat predicted for sequential settlement in linear
habitats. According to the hypothesis of territoriality,
newcomers are prevented from settling by aggressive
residents, which describes an ideal despotic distribution
where group territoriality limits population density in
beavers (Aleksiuk 1968).

Colonization of anthropogenic influenced
suboptimal/marginal habitat along the Morava River
basin by European beaver

We suspect that the population in the study area is already
close to its carrying capacity. At this stage any new
settlement will generally be in more heavily anthropogenic
influenced suboptimal/marginal habitat, where other habitat
variables, other than willow, have increasing explanatory
power. Beavers are very plastic animals that can survive
and reproduce in different landscapes, including cultivated
landscapes (Nolet and Rosell 1998); however, favorable
beaver lodge/den sites decrease as anthropogenic activities
increase (Fustec et al. 2003). Although winter food
availability (e.g., sufficient stands of willow) may well be
an important requirement for establishment of source
colonies facilitating reproduction success (Tyurnin 1984),
dispersal routes may play just as an important role in
successful population expansion and stabilization. Baker et
al. (2006) have suggested that habitats heavily influenced
by human activities, such as those that exist in Great Britain,
may provide the “combination and quality of a range of
factors needed to accommodate...dispersing beavers.” The
results of the study have shown that during the later phases
of expansion, beavers are indeed colonizing just such
suboptimal/marginal habitat, which is heavily influenced by
anthropogenic activities; however, they do not show the
dynamics of beaver activity within this type of habitat.

Conclusions

The study has highlighted potential key stages in habitat
selection within optimal habitat of an expanding reintro-
duced beaver population: (1) during the initial phases of
expansion, beavers often ignore close-by resource poor
sites to establish settlements at willow-rich sites; (2) during
later phases of expansion, these initial settled sites appear to
take on more significance as potential source colony sites;
and (3) as all optimal sites become occupied and defended,
beavers appear to colonize potential sink sites in heavily
anthropogenic influenced suboptimal/marginal habitat.

The study also highlighted that the significance of both
vegetative and physical variables changes over time,
suggesting that vegetative variables are more significant
during the early phases of expansion when beavers need,
first and foremost, to establish resource-rich settlements to
enable survival and reproduction, physical variables be-
coming more significant during the later phases of
expansion when beavers begin to disperse into suboptimal
sites. As well as providing buffers to the beaver settlements
occupied first, these suboptimal sites can act as staging
posts for further beaver expansion through heavily anthro-
pogenic influenced habitats to more optimal habitats
beyond.

Although previous research has addressed the issue of
beaver dispersal through habitats heavily influenced by
anthropogenic activities, we suggest that further more
focused research is needed in this area. In fragmented
habitats particularly, this issue may have a crucial part to
play in the success or failure of an expanding beaver
population.
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