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Abstract
One of the less studied positive interactions among organisms is facilitation. Facilitation may have significant impact on diversity
of species especially in low productive environments. We studied the effects of well-known facilitator and ecosystem engineer,
the North American beaver (Castor canadensis), on small mammal assemblages in the boreal zone. The small mammals, namely
voles, mice, and shrews, were trapped over 2 years in ten beaver-modified habitats and in ten control sites. Contrary to our
expectations, we did not observe any differences between species or individual numbers between beaver-modified and control
sites. However, there were differences in species composition between sites; grass-eating field voles (Microtus agrestis) and
invertebrate-eating shrews (Sorex araneus, Neomys fodiens) tended to be more common in beaver sites while forest-dwelling
wood lemmings (Myopus schisticolor) and yellow-necked mice (Apodemus flavicollis) were only captured in control sites. The
most common species in both habitats was the bank vole (Myodes glareolus), which is a generalist in its habitat requirements. The
bank vole’s population structures were similar between the two habitat types. The actions of beavers in water bodies within boreal
forests seem to have no effect on the small mammal diversity and their numbers at the regional scale but may have positive effect
on them at the larger landscape level as beavers are increasing the overall habitat diversity in the landscape.
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Introduction

Species interactions are important in determining the local
species composition. Both negative and positive interactions
are involved. While negative interactions, such as predation
and competition, are more commonly investigated, positive
ones can be equally essential in structuring communities
(Bruno et al. 2003). One form of positive relationships is fa-
cilitation. Actions or just presence of a facilitator allows other

species to thrive. A common way of a facilitator to facilitate
other species is modification of otherwise unsuitable abiotic
and/or biotic environment so that it will become suitable for
others to thrive (Stachowicz 2001). This is evident in many
successional colonisation events where previous settlers mod-
ify habitat to be suitable for followers (e.g. Gallagher et al.
1983; Harris et al. 1984; Vieira et al. 1994). The effects of
facilitation are expected to be significant in low productive
environments (Wright and Jones 2004).

Especially influential are species, which are very abun-
dant or otherwise have large effect on their living envi-
ronment. These species are often called keystone species,
keystone modifiers, or ecosystem engineers (Mills et al.
1993). One of the most well-known modifiers of habitat
and related communities in boreal low productive settings
are beavers, Castor spp. (Wright et al. 2002). They do
often extensive changes in abiotic and biotic environ-
ments by building dams and that way increasing the water
level and creating vast shallow water areas. They also cut
down even large trees and left unwanted tree species to
stand and die (Nummi and Kuuluvainen 2013). In the low
productive areas, for example in the boreal zone, beavers
clearly increase the productivity of the environment
(Nummi and Holopainen 2014).
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Beaver effects on other species have been studied exten-
sively from plants, invertebrates, fish, and amphibians to birds
(reviewed by Stringer and Gaywood 2016). Most of the ob-
served effects have been positive. However, apart from bats
and otters, studies of beaver effects on other mammals are rare
or rather anecdotal (Rosell et al. 2005; LeBlanc et al. 2007;
Nummi et al. 2011; Stringer and Gaywood 2016).

We have recently studied the effect of beavers on terrestrial
and semi-aquatic mammals (Nummi et al. 2019). However,
the methods (snow tracking and camera trapping) used in that
study were not effective in detecting small mammals (i.e.
shrews, mice, and voles), although we found an indication
that small mammals, as a group, seemed to be more common
in beaver-modified habitats than in adjacent control habitats
during winter based on the snow tracks.

The aim of this study was to investigate small mammal
assemblages (namely voles, mice, and shrews) in beaver-
modified habitats. We expected that the species diversity
and their numbers would be higher in beaver-modified habitat
compared to control wetland habitat, because of known diver-
sity increase in various trophic levels (plants, invertebrates,
and vertebrates) should be reflected in species using them as
food. Also, the shallow wetland area with habitat-specific
vegetation would attract species associated to mesic environ-
ments such as water shrews, water voles, and field voles but
maintain also forest-dwelling species. We also studied the
quality of individuals within species to see whether there are
differences between habitats in sex ratio, body mass, body
condition, maturity status, or age. We expected to see more
dominant individuals (older, larger, mature, and in good con-
dition) in beaver habitats than in controls as beaver-modified
habitats are assumed to be better and therefore favoured by
dominant individuals.

Materials and methods

The study was conducted in Evo forested area in southern
Finland (61° 10′ N, 25° 05′ E). This boreal catchment of
66.5 km2 has tens of small lakes and ponds. The beavers
originally living in the area were hunted to extinction in the
end of 1500s and were later, in 1930s, reintroduced. Both the
European (Castor fiber) and North American (C. canadensis)
beavers were released into the area but currently only the latter
exists (Lahti and Helminen 1974). The lakes of the area are
typically small with relatively steep shoreline compared to
beaver-modified ponds. Sparse emergent vegetation is mainly
consisting sedges (Carex spp.) and common reed (Phragmites
australis) and the narrow belt of floating vegetation is domi-
nated by water lilies (Nuphar lutea and Nymphaea candida).
Lakes are also lined with narrow strips of deciduous trees such
as willows (Salix spp.), birches (Betula spp.), and alders
(Alnus spp.). Otherwise, forests are dominated by coniferous

Scots pine (Pinus sylvestris) and Norway spruce (Picea abies;
Nummi and Hahtola 2008).

For this study, we selected ten beaver-modified ponds. In
those, beavers have been building a dam in the river or pond
outlet and that way raised the water level and created exten-
sive shallow water areas. Two of the sites were recently aban-
doned (2–3 years ago) and water level has lowered. The rest
has been under flood for 3–34 years. Ten control sites were
small lakes in the same drainage basin but were never altered
by beavers (six sites) or abandoned 6–12 years ago (four
sites). In the previous study (Nummi et al. 2019), no differ-
ence in mammal fauna was detected between these same sites
that were never altered by beavers and those that were aban-
doned a long time ago.

We studied the small mammal assemblages by snap-
trapping the beaver and non-beaver areas seven times in
2017–2019 (October and November in 2017, May and June
in 2018, and August, September, and November in 2019). In
each location, 30 traps were set in two parallel lines along the
shoreline so that the first line was about 2–5 m from the shore
and the second line was 5–6 m from the first line. Distance
between snap-traps in lines was 5 m. All snap-traps in the
second line were small metal mouse-traps, while the first line
included also three larger rat-traps. Mouse-traps were baited
with rye bread while rat-traps were baited with carrot. Rat-
traps were used, as the mouse-traps are too small to catch adult
water voles (Arvicola amphibius). In each trapping occasion,
traps were set for two nights and checked after each night.
Therefore, the trapping effort was 60 trap-nights per site per
occasion, 420 trap-nights per site, and altogether 8400 trap-
nights. The overall small mammal abundance in our study
area was estimated by biannual monitoring (May and
September) using the small quadrat method (15 m × 15 m
quadrat, three metal snap-traps in each corner, set for two
nights; Myllymäki et al. 1971) resulting in 240 trap-nights
per occasion. Monitoring in mainly forested areas yielded
the following small mammal abundance indices during the
study period: fall 2017, 4.6; spring 2018, 0.4; fall 2018,
11.7; spring 2019, 3.8; and fall 2019, 12.5 ind./100 trap-
nights. Always more than 90% of captured small mammals
were bank voles (Myodes glareolus).

Statistical analysis

We analysed the data in R software, version 3.6.1 (R Core
Team 2019). We compared the species richness and the abun-
dance per trapping occasion (60 trap-nights) in beaver and
non-beaver patches. As our observations were possibly nested
within patches, we used the 20 patches as random effects. The
most common species in our catch (bank voles and field voles,
Microtus agrestis) were also subjected to analyses of sex,
maturity status, body mass (without intestines), body condi-
tion (body mass index (BMI): weight without intestines/snout

182 Mamm Res (2021) 66:181–186



to anus length2), and age (latter two only for bank voles)
between the beaver and non-beaver patches. For age determi-
nation of bank voles, we used the ratio of root length and
entire length in the upper second molars (Viitala 1971). We
applied generalised linear mixed models (GLMM) to do the
comparison; when GLMM could not handle the large num-
bers of zeros in our data, we applied zero-inflated models
(Zuur and Ieno 2016). We applied all the models with R pack-
age “glmmTMB” (Brooks et al. 2017). The full models are
described in Supplementary material Appendices 1, 2, and 3.

Results

In total, we trapped 215 individuals (2.56 ind./100 trap-nights)
of eight species: bank voles, field voles, common shrews
(Sorex araneus), Eurasian water shrews (Neomys fodiens),
water voles, least weasels (Mustela nivalis), wood lemmings
(Myopus schisticolor), and yellow-necked mice (Apodemus
flavicollis). We found six small mammal species with 114
individuals trapped in beaver sites and seven species with
101 individuals by non-beaver sites (Fig. 1, Table 1). The least
weasel was only trapped in the beaver site, while wood lem-
mings and yellow-necked mice were only trapped in non-
beaver sites. Additionally, water shrews and common shrews
were more often captured in beaver than control sites but the
number of individuals was too low for statistical testing. Our
results showed that there was no difference in species richness
(p = 0.454) nor abundance between the two types of habitat (p
= 0.539, Tables S1 and S2). Bank voles and field voles were

the most abundant small mammals captured in our traps, but
neither species differed in their abundance between beaver
and non-beaver sites (Tables S3 and S4).

In bank voles, males were more frequently trapped than
females (Table 2), but the individuals of neither males (p =
0.346) nor females (p = 0.913) had significant difference be-
tween beaver and non-beaver sites. Trapped immature bank
voles had higher abundance than mature bank voles in both
beaver and non-beaver sites, but no significant difference was
found between the two types of habitats (p = 0.605 in imma-
ture bank voles, and 0.632 in mature bank voles). No

Table 1 Total number of small mammal individuals and number of
individuals per trapping occasion (60 trap-nights) in the beaver and
non-beaver sites

Beaver sites Non-beaver sites

Total Per trapping Total Per trapping

Species richness 6 0.87 ± 0.92 7 0.76 ± 0.75

Abundance 114 1.63 ± 1.88 101 1.44 ± 1.77

Bank vole 71 1.01 ± 1.41 79 1.17 ± 1.36

Field vole 31 0.41 ± 1.01 13 0.17 ± 0.64

Common shrew 6 - 2 -

Water shrew 4 - 2 -

Water vole 1 - 1 -

Least weasel 1 - 0 -

Wood lemmings 0 - 2 -

Yellow-necked mouse 0 - 2 -

Fig. 1 Accumulated number of captured species in beaver and non-beaver sites
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significances were found between beaver and non-beaver sites
in bank vole age structure (p = 0.502), body mass (p = 0.994)
nor body condition (p = 0.070, Table 2).

Field voles were more abundant in beaver than non-beaver
sites (Table 1), although no significant differencewas found in
their occurrence (p = 0.124) nor abundance (p = 0.816,
Table S4). Male field voles tend to bemore common in beaver
than non-beaver sites (p = 0.057, Table 3), while the abun-
dance of females was too low to test. Mature and immature
field voles had higher abundance per trapping in beaver than
in non-beaver sites (Table 3) but without significance between
the two types of habitats (p = 0.233 in mature field voles, and
0.067 in immature bank voles). No difference was detected in
body mass neither (p = 0.849).

Discussion

Against our predictions, we did not detect difference in species
numbers or number of individuals between beaver-modified hab-
itats and non-beaver habitats. However, species composition was
somewhat different. Only yellow-necked mice and wood lem-
mings captured in this study were captured in non-beaver-
modified habitats. These species are clearly forest-dwelling

species and are not likely to benefit anyway from the habitat
modifications of beavers, although any strong conclusions can-
not be made, as they were so rare in our catch. Especially the
wood lemming is a habitat specialist found usually only in ma-
ture old-growth forests (Eskelinen 2002). Typically, in beaver-
modified habitats, the shore effect with less trees and more
grasses and sedges is extended with expense of typical forest
habitat, which can explain why these forest-dependent species
were absent in the beaver habitats (Hyvönen and Nummi 2011).
The bank vole is also a forest-dwelling species but more gener-
alist in its habitat demands. However, it is often found in open
grass-dominated habitats if its main competitor there, the field
vole, is absent or rare (Sundell et al. 2012). Terwilliger and Pastor
(1999) found that in North America, the red backed vole
(Myodes gapperi), ecologically very similar species than the
bank vole, wasmore common in surrounding forest habitats than
beaver-modified habitat (i.e. beaver meadows). Although, the
beaver-modified habitat is generally not favoured by the bank
voles, they have often been found in beaver lodges (Ulevičius
and Janulaitis 2007; Samas and Ulevičius 2015).

Generally, field voles are not common in forest-dominated
landscapes such as our study area in Evo. Still, the field vole
was the second most common species in our study. They,
especially the males, tended to be more common in beaver-
modified habitats as expected, likely because their diet con-
tains mainly grasses and other graminoids (Hansson and
Larsson 1978), which plant groups are more abundant in
beaver-modified habitats (Wright et al. 2002). However, even
if there were almost twice as many field voles in beaver hab-
itats compared to non-beaver habitats, the difference was not
statistically significant due to high variance. Furthermore,
field voles were captured in eight out of ten beaver habitats
compared to five in non-beaver sites. Samas and Ulevičius
(2015) similarly observed field voles to be more common in
beaver lodges than control sites in nearby forest.

The only least weasel caught was captured from the beaver
site. Even if it might be only coincidence that the only weasel
was caught in the beaver habitat, it could be also due to the
presence of field voles. In our earlier study (Nummi et al.
2019), we found more weasel tracks in beaver habitats in winter
which supports this idea. Also, the capture of this only weasel
happened in the site where at the same trapping session we
captured several field voles. It has been suggested that especially
during the breeding season of weasels, the field vole is an espe-
cially attractive prey for the least weasels because it is a larger
and clumsier species than, for example, the bank vole, and also
forms dense matrilinear aggregations (Henttonen 1987; Pusenius
and Viitala 1993). Based on that, it is only expected that the only
weasel was found in beaver habitat housing generally more field
voles.

The other species that were capturedmore often in beaver sites
than controls were the common shrew (six individuals in beaver
sites vs two in control sites) and the water shrew (four vs two).

Table 2 Bank voles in beaver and non-beaver sites. Some observations
lack individual maturity information and they were excluded from the
analysis. No significant differences were found between beaver and
non-beaver sites

Categories Beaver sites Non-beaver sites p value

Male 0.73 ± 1.31 0.89 ± 1.06 0.346

Female 0.29 ± 0.59 0.29 ± 0.66 0.913

Mature 0.33 ± 0.79 0.37 ± 0.68 0.632

Immature 0.71 ± 1.13 0.59 ± 1.03 0.605

Age structure (month old) 3.79 ± 3.38 3.23 ± 3.20 0.502

Body mass (g) 19.93 ± 4.37 18.24 ± 4.74 0.994

Body condition, BMI 0.17 ± 0.03 0.16 ± 0.02 0.070

Table 3 Field voles in beaver and non-beaver sites. The numbers of
female field voles were not tested due to insufficient data with only three
individuals in beaver and two in non-beaver sites. No significance was
found between beaver and non-beaver sites

Categories Beaver sites Non-beaver sites p value

Male 0.37 ± 0.87 0.14 ± 0.62 0.057

Female 0.04 ± 0.26 0.03 ± 0.17 -

Mature 0.25 ± 0.69 0.13 ± 0.56 0.233

Immature 0.17 ± 0.54 0.06 ± 0.23 0.067

Body mass (g) 26.97 ± 10.89 27.60 ± 8.18 0.849
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Both were so rare in the catch that the difference could not be
verified with statistical tests. However, both species were expect-
ed to be more common in beaver sites as the beaver-modified
habitats are known to be more rich in invertebrates than non-
beaver habitats (Nummi et al. 2011; Bush and Wissinger 2016),
and both species’ diets are based mainly on invertebrates
(Churchfield 1982, 1985). Thewater shrew is also eating amphib-
ians, which are more numerous in beaver impoundments than
non-beaverwetlands (Vehkaoja andNummi 2015). The common
shrew is a generalist in its habitat requirements (Sundell et al.
2012) and eats mainly terrestrial invertebrates (Churchfield
1982), but is likely to benefit also from insects emerging from
shallow water and resting in the shoreline. In Latvia, common
shrews were clearly more common in beaver lodges than in the
forest surroundings (Samas and Ulevičius 2015)

There are only few other community-level studies focusing on
the diversity of species and abundance of individuals of small
mammals in beaver-modified habitats. The study by Medin and
Clary (1991) conducted in ID, USA, similarly did not detect any
difference in species richness between beaver-modified and non-
beaver habitat, but they found that the number of individuals in
beaver habitat was thrice the number in the control area. The
main difference was due to high number of the montane voles,
Microtus montanus, and shrews (Sorex spp.). The montane vole
is like the field vole in Eurasia, both preferring grassy moist
habitats common in a beaver-modified environment (Murie
1971; Henttonen and Hansson 1984).

Although statistical difference was not found in the num-
bers of species or individuals, we wanted to study if there are
still differences in the population structure of the most com-
mon species in our catch, the bank vole and the field vole. We
expected that the presumably better habitat, the beaver-
modified sites, was occupied by the dominant individuals
which are larger, older, mature, and/or in better condition,
while subdominant individuals have to live in worse habitat
(i.e. non-beaver habitat). Contrary to our expectations, we did
not found other difference than that the field volemales tended
to be more abundant in beaver-modified habitats than con-
trols. We do not have a clear explanation for this but partial
answer might be related to the fact that males are movingmore
than females, and especially young immature males are likely
to be the functional group of the population finding first the
new habitats (e.g. Myllymäki 1977). Beaver habitats have
become available later than the control sites. The higher
movement rate can also explain why more bank vole males
were captured compared to females.

Our aim was not to obtain absolute differences between the
numbers of species, as no single method can capture different
species with the same efficiency. However, themetal snap-trap is
a good compromise, as it is relatively efficient for most of the
small mammal species present in our study area (e.g. Myllymäki
et al. 1971; Korpimäki 1986). Despite modest differences in
efficiencies between capture rates of species, the same method

with the same intensity was applied in both habitats at the same
times making habitat comparisons still valid. Removal trapping,
such as ours, might have effect on the species assemblages in
subsequent trappings, especially if densities are low, interval be-
tween trapping is short, and trapping effort is extensive.
However, in our case, the density varied during the study but
the trapping effort was not especially intensive: only two nights
in relatively small area compared to available similar habitat,
which might act as a source. A previous study (Christensen
and Hörnfeldt 2003) has also showed that frequently sampled
points had similar vole densities than pristine sites. Although
previous trappings may have affected the results of the following
trappings in our study, the effect can be assumed to be the same
in beaver sites and controls.

Even if we did not detect any difference in small mammal
species numbers or general abundance of individuals between
beaver-modified habitats and non-beaver-modified wetlands
at the regional level, the species composition tended to be
different, which may indicate that the actions of the beaver
as an ecosystem engineer may facilitate the richness of small
mammal assemblages at the larger landscape scale. The bea-
ver actions create a mosaic of habitats within boreal forests,
which are in different successional stages from non-modified
sites to flooded and different aged abandoned sites (Kivinen
et al. 2020). This increase in habitat diversity is likely to affect
also associated fauna and flora, and therefore it would be
especially important to investigate the landscapes with and
without beaver impact in order to have an answer to this ques-
tion of conservation importance.
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