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SUMMARY
The influence of forest age and structural habitat factors on species richness and the
population dynamics of small mammals in forested landscapes were evaluated. Small
mammals were monitored in old-growth and in immature managed forests of six age
classes (0-50 yr), and habitat factors were recorded.
Species richness and population dynamics of forest dwelling small mammals
(Clethrionomys glareolus, C. rufocanus and Myopus schisticolor) were positively
influenced by factors related to cover of tall vegetation in the field layer and to
structural heterogeneity in the forest floor. In contrast, the abundances of species known
to prefer open habitats, Microtus agrestis and Lemmus lemmus, were not or negatively
affected by these factors.
Further, species richness and the overall abundance of C. glareolus were negatively
related to forest age and the increase in numbers during summers was in general higher
in the young forests than in the mature forests. This difference was most likely due to
higher structural heterogeneity and higher cover of tall vegetation in the field layer, in
especially the youngest forests (0-5 years), compared to the mature forests. Habitats in
old forests were important refuges for the winter survival of C. glareolus. As an
possible explanation, a source-sink scenario was proposed, where young individuals,
primarily born in old forest stands in early summer, immigrate into younger forests to
breed, but where the probabilities for survival are poor. If so, forest management
practices like clearcutting may enhance population fluctuations in this species.
Population dynamics of C. glareolus and species richness were primarily not related to
the age of forests, but rather to habitat factors important to reproduction and survival.
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Appendices: Papers I and Il

LIST OF PAPERS
This thesis is a summary and discussion of the following papers to which I refer by their
Roman numerals:
I.

Ecke, F., Löfgren, 0., Hömfeldt, B., Eklund, U., Ericsson, P. and Sörlin, D.
Abundance and diversity of small mammals in relation to structural habitat
f.act01: .-:Ecolo.gical Bulletins �press).

Il.

Ecke, F., Löfgren, 0. and Sörlin, D. Population dynamics of small mammals in
relation to forest age and structural habitat factors. - Submitted manuscript.

Paper I is reproduced with due permission from the publisher.
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INTRODUCTION

Small mammals are crucial to the functioning of the terrestrial ecosystems in northern
Fennoscandia because they constitute staple food for many mammalian and avian
predators (e.g. Englund 1970, Lindström 1982, Erlinge et al. 1983, Hörnfeldt et al.
1990, Tannerfeldt and Angerbjörn 1996). Small mammals are also involved in the
dynamics on several trophic levels in the boreal ecosystems as they consume plants,
lichens, fungi and invertebrates (e.g. Ericson 1977, Gebczynska 1983, Hansson 1988),
and disperse e.g. mycorrhizal fungi (Terwilliger and Pastor 1999) and parasites (e.g.
Kisielewska 1983, Niklasson et al. 1998). They are also well known to exhibit regular
population fluctuations in northern Scandinavia (e.g. Krebs and Myers 1974, Myllymäki
1977, Hörnfeldt 1991, 1994).
In the 1960th and 70 th, voles caused economically significant damage, especially in
years of high density, in the forests in northern Europe (e.g. Hansson 1978, 1999).
Monitoring programs for the dynamics of voles have for that reason been started at
different places in Fennoscandia during that time.
The densities of small mammal populations are generally supposed to be mainly
regulated by predators, food and/or population density as such (e.g. Krebs and Myers
1974, Hörnfeldt 1994, Stenseth 1999). Habitat factors that provide shelter and/or food
are therefore crucial to reproduction and survival of small mammals (e.g. Adler and
Wilson 1987, Batzli 1992, Hansson 1997) and should also be important for habitat
selection of individuals (e.g. Hansson 1978, Hansson 1982, Henttonen and Hansson
1984, Adler 1985, Morris 1995, 1996). In boreal forests, such factors are e.g. coarse and
fine woody debris (CWD and FWD), vegetation in the field, shrub and tree layer, and
boulders (e.g. Hansson 1978, Cockburn and Lidicker 1983, Pucek 1983, Chetnicki and
Mzurkiewicz 1994, Batzli and Lesieutre 1995, Morris 1997, Johannesen and Mauritzen
1999). Several researchers investigated the food and habitat selection of small mammals
in northern Scandinavia (e.g. Hansson 1969, 1985, Henttonen and Hansson 1984).
However, the importance of the physical structure (e.g. the cover of woody debris) of
the small mammal habitats has often been neglected in such studies (but see e.g.
Hansson 1978).
During the last century, forest management practices in northern Sweden have changed
the structure of the boreal forests considerably, and today even-aged forests and
immature forest plantations with a relatively low standing volume are dominating over
natural forests (Linder and Östlund 1992). Furthermore, the studies of e.g. Hanski et al.
(1993) and Hörnfeldt (1995) indicate a long-term decline in the numbers of several
species of small mammals in northern Fennoscandia. Hörnfeldt (1995) showed that the
decline was most pronounced in Clethrionomys rufoeanus and suggested that changed
forest management practices, accompanied with increased fragmentation of important
reproduction habitats, may be involved. Also, the study of Hansson (1999) indicated
that both the abundance, as well as the numerical fluctuations of C. glareolus have
ceased in northern Sweden during 1971-1998. Hansson (1999) suggested that these
changes might be due to altered land use. If structural factors that are important for
small mammals are altered by forestry, such changes should affect the dynamics of
small mammals, both on a spatial and temporal scale. However, few studies have
investigated the impact of forest management practices on the dynamics of small
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mammal communities on large spatial scales, like e.g. landscapes, and detailed analyses
of the factors altered by forestry, which are important to small mammals, are scarce.

2

OBJECTIVES

The aim of my thesis was to evaluate the importance of habitat factors for the diversity
and dynamics of small mammals in natural and managed forests. I did so by first
studying structural habitat factors related to vegetation in old-growth forests. I
addressed the following questions:
•

Are structural habitat factors of equal importance to the abundance of different small
mammal species? How is small mammal diversity related to the factors and can
structural habitat factors stabilise the dynamics of the small mammals?

Second, I studied the population dynamics of small mammals in relation to forest age
and structural habitat factors in managed forested landscapes. I addressed the following
questions:
•

3

Do the population dynamics and the diversity of small mammals differ between
natural mature forests and managed immature forests? If so, which structural
factors are responsible for the differences? Does habitat use of the small mammals
change in relation to population density and may forest management practices be
the reason for the observed long-term decline in small mammal densities?

STUDY AREAS AND FIELD METHODS

The study on the effect of structural habitat factors related to vegetation on small
mammals in old-growth forests was performed in a mountain region near Ammarnäs,
Swedish Lapland, in autumn 1995 to autumn 1997 (Fig. 1). The population dynamics of
small mammals in relation to forest age and structural habitat factors in managed
forested landscapes were investigated in boreal lowland forests in the rural district of
Älvsbyn, northern Sweden, in early summer 1998 to early summer 2000 (Fig. 1).
According to Sjörs (1999), the mountain region belongs to the northern boreal subzone,
whereas the lowland forests belong to the middle boreal subzone. The study sites in the
mountain region were at low altitudes dominated by coniferous forests of either the
heath or meadow type. With increasing altitude, the coniferous forests gradually
changed to birch forests of the heath or meadow type. In the lowland forests, all studies
were performed in coniferous forests of the heath type. Vaccinium spp. and Empetrum
nigrum ssp. hermaphroditum were the dominating species in the field layer in both
study areas. Common species in both areas were also Solidago virgaurea, Geranium
sylvaticum and Gymnocarpium thyopteris.
Snap-trappings were performed along transects twice per year in spring (end of June)
and autumn (late August) (I), and in early summer (mid of June) and autumn (mid of
September) (II), respectively. In the mountain region (I), transects were regularly
located according to the Swedish National Grid system and covered several different
vegetation types. In contrast, in the lowland forests (II), we arranged transects
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Fig. 1. Location of the study areas in the mountain region near Ammamäs in Lapland
(10) and in lowland forests in the rural district of Älvsbyn (0).
systematically, running from immature forests of six different age classes (0-50 years)
into adjacent mature (>100 years) coniferous forests.
Habitat variables that generally are supposed to influence the dynamics of small
mammals were visually estimated at each trapping site in both studies. In the mountain
region, we studied three habitat variables related to vegetation (I), and 14 habitat
variables of different character were investigated in the lowland forests (II).
As a measure of small mammal diversity, we used the number of species trapped,
referred to as species richness. Further, we analysed the abundance (I, II) and
occurrence (II) of small mammals and their temporal (I) and seasonal (II) variation in
relation habitat variables.

4

RESULTS AND DISCUSSION

4.1

Population dynamics of small mammals

4.1 . I The relation to cover of tall vegetation in the field layer
The cover of tall vegetation in the field layer was significantly related to species
richness, the overall abundance of C. glareolus, C. rufocanus and Myopus schisticolor,
seasonal variation in the abundance of C. glareolus, and the occurrence of the functional
categories of C. glareolus (Table 1). Vegetation should provide not only shelter from
(airborne) predators (e.g. Batzli and Lesieutre 1995, Morris 1997), but should also serve
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as a food source (e.g. Hansson 1985). Most likely, these combined attributes make
biotopes with high cover values of tall vegetation in the field layer probably such
attractive habitats for small mammals. However, only the abundances of species that are
normally associated with forest habitats, i.e. C. glareolus, C. rufocanus and M.
schisticolor (e.g. Henttonen and Hansson 1984) showed a positive relation to the cover
of umbrella vegetation. The abundances of Microtus agrestis, Lemmus lemmus and
Sorex araneus were not correlated to the cover of tall vegetation in the field layer (Table
1), which can be explained with the habitat preferences of these species. M. agrestis and
L. lemmus prefer open habitats like mires and meadows (e.g. Henttonen et al. 1977,
Henttonen and Hansson 1984) instead of different types of forests. S. araneus is rather a
habitat generalist (Hansson 1978, 1987) with probably higher demands to habitat
microclimate than to cover of vegetation as such.
Table 1. Summary of the significant responses (+, positive; -, negative; ±, no response)
of studied small mammal variables to forest habitat attributes. Forest continuity is a
combined variable of forest age, canopy cover of trees, forest age structure, the cover of
epixylic lichens and mosses, and the number of snags. Structural heterogeneity
represents coarse and fine woody debris (I, II) and the complexity of the forest floor
(II).
Habitat factor
Small mammal variable

Forest age

Forest continuity Tall vegetation in the
Structural
field layer
heterogeneity

Species richness
Total abundance
C. glareolus
C. rufocanus
M. agrestis
L. lemmus
schisticolor
S. araneus
Abundance/occurrence of
C. glareolus
Early summers
Overwintered breeders
Year-born breeders
Autumns
Adults
S ubadults

+, -

Stability of populations of
C. glareolus

Temporal stability
Survival during winters
Increase during summers

Trapping sites with high cover of umbrella vegetation showed high numeric population
increases during summers (Table 1, II). This is probably the result of these habitats
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providing both shelter and food, sufficient to promote reproduction and/or survival
during summer.
The cover of tall vegetation in the field layer positively influenced the occurrence of all
functional categories of C. glareolus (Table 1). Thus, this habitat factor is of importance
to C. glareolus both throughout the year and in years of low and high abundance.
4.1.2 The relation to structural heterogeneity
Species richness was positively related to structural heterogeneity (e.g. the cover of
FWD and CWD) (Table 1). In fact, habitat heterogeneity is supposed to result in high
species diversity (Kerr and Packer 1997). Woody debris should provide shelter in the
form of covered runways and nests, and serves probably also (directly or indirectly) as a
food source when vascular plants, lichens, mosses and fungi colonise the substrate
(Harmon et al. 1986). Decaying trees may also enhance the production of invertebrates
(e.g. Samuelsson et al. 1994) which should be beneficial for S. araneus and most likely
for the omnivorous vole C. glareolus. However, the abundances of those species
preferably occurring in open habitats, M. agrestis and L. lemmus (e.g. Hansson 1969,
Henttonen and Hansson 1984), were not or negatively correlated to structural
heterogeneity, respectively. Structural heterogeneity was an important factor for the
occurrence of all functional categories of C. glareolus, except for the year-born breeders
in early summer (II, Table 1).
The cyclicity index is a measure of the temporal variation of small mammal abundance.
Regarding C. glareolus, the cyclicity index decreased with an increased cover of logs (I,
Table 1). Thus, populations of C. glareolus appeared to be more numerically stable, the
more logs were present in the landscapes. Most likely, coarse woody debris contributes
to create more heterogeneous environments to small mammals. Heterogeneous
environments are generally assumed to enhance population stability (e.g. Stenseth 1977,
Bondrup-Nielsen and Ims 1988, Hansson 1992). However, structural heterogeneity
resulted in low winter survival but high numerically increase during summers (II, Table
1). Thus, in a landscape with a high proportion of young forests, structural
heterogeneity appeared to result in seasonal instability of the abundance of C. glareolus
(II). In contrast, in a landscape dominated by old-growth forests, structural
heterogeneity might enhance temporal stability of the abundance of this species (I).
4.1.3 The relation to forest continuity and forest age
Forest continuity was of minor importance to the population dynamics of small
mammals (Table 1, II). The negative correlation between forest age and species richness
(Table 1, II) might be due to lower habitat heterogeneity in old, natural forests
compared to young, managed forests, that are rich in woody debris left on the sites after
forest management practices. Especially the youngest forest stands (0-5 years old) were
characterised by high cover of vegetation in the field layer and high habitat
heterogeneity, which could explain that these forests had the highest species richness.
Forest age was also negatively correlated to the overall abundance of C. glareolus
(Table 1, II). This result contradicted many studies that found the forest dwelling C.
glareolus and related Clethrionomys spp. to be more common in mature than in young
forests (Hansson 1978, 1999, Sullivan et al. 1999). The abundance of C. glareolus was
positively correlated to the cover of CWD, FWD and umbrella vegetation (I). Since the
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cover of FWD and umbrella vegetation were negatively correlated to forest age we
should indeed expect a negative correlation between the abundance of C. glareolus and
forest age. The high number of year-born breeders in young forests could be explained
with a source-sink scenario where young individuals, primarily born in old forest stands
in early summer, immigrate into younger forests to breed, but where the probabilities
for winter survival are poor. A similar mechanism was also suggested by Hansson
(1999), who proposed that reforestations might act as sinks for surplus individuals of C.
glareolus produced in old forests. On the landscape level, forest continuity and forest
age negatively influenced the occurrence of overwintered breeders. However, forest age
class-specific comparisons revealed that the abundance of overwintered breeders in
forests 11-20 years old was significantly lower than in the adjacent mature forests (II).
Additionally, survival during winters was significantly lower in the young forests than
in the adjacent mature forests (Table 1, II). Thus, old mature forests seemed to be of
tremendous importance as winter habitats of C. glareolus. As a consequence, the
numerical fluctuations of C. glareolus might be higher in young reforestations
compared to middle-aged and old forests. Such a scenario is in line with the hypothesis
of Van Horne (1983) which suggests that low-quality habitats may support high
densities, but are mainly occupied by immigrants, whereas high-quality habitats may
have lower, but less fluctuating densities of small mammals.
4.2

Habitat use of C. glareolus in relation to abundance

In general, the habitat preferences of the different functional categories of C. glareolus
were most pronounced at low small mammal abundances (II) and more pronounced in
early summer than in autumn. Henttonen and Hansson (1984) showed that the habitat
niche of C. glareolus is much narrower during periods of low abundances (conifer and
deciduous forest and brushwood) than during peak abundances (conifer and deciduous
forest, brushwood, clearcuts and abandoned fields). These results are consistent with the
findings of Hansson (1969) who trapped C. glareolus in spruce and rich birch forest at
low population abundances. At high abundances, the species populated less preferable
habitats, e.g. poor birch forests and cultivated meadows (Hansson 1969). Also
Johannesen and Mauritzen (1999) reported changes in the habitat use of C. glareolus.
However, they point out that the habitat use of C. glareolus probably was influenced by
competition from C. rufocanus (Johannesen and Mauritzen 1999). In our study (II), C.
glareolus was the evidently dominating species and the observed patterns should thus
not be influenced by interspecific competition.

5

CONCLUSIONS

My study stresses the importance of structural habitat factors for the population
dynamics of small mammals in boreal forests. Especially coarse and fine woody debris,
boulders, and umbrella vegetation were important for small mammals features in boreal
forests. However, if we aim to study the small mammals' habitat preferences for these
factors, we should do so by analysing data from either years of low small mammal
abundance and/or from seasons with low abundance. Otherwise, supposed habitat
preferences may turn out to reflect enforced habitat selection.
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Habitats in old mature forests were important refuges for the winter survival of C.
glareolus and therefore may forest management practices, like clearcutting, enhance
population fluctuations in this species. The contrasting effects of forest age indicate that
the population dynamics of small mammals were not related to the age of forests as
such, but rather to habitat factors important to reproduction and survival of small
mammals. This implication should be considered in forest management.

6

PERSPECTIVES

This thesis showed that structural habitat factors are important for the population
dynamics of small mammals. However, several questions and problems, but also new
ideas arose during the work.
It turned out that the answers we got were dependent on the spatial scales studied. Study
site-specific population dynamics were not detected on the landscape level and vice
versa. Thus, the choice of appropriate spatial scales in future studies on the population
dynamics of small mammals should be made carefully and under consideration of the
questions asked.
This work contributes with important information about the effects of forest
management practices on the population dynamics of small mammals. However, the
enigma of the long-term decline in the numbers of cyclic voles in northern Scandinavia
remains unsolved. Thus, more research on the effect of forestry on nongame wildlife is
needed. Important questions are: What is the long-term pattern of the temporal and
seasonal variation of small mammal abundances in landscapes with different
proportions of young and old-growth forests? How does the composition of surrounding
areas effect the dynamics in small mammal habitats? Future research should also take
area-effects into account. Do smaller or larger clearcuts, than those studied in this thesis,
show the same patterns of small mammal population dynamics? How do edge effects
influence the dynamics?
The methods for recording the studied habitat factors were based on personal
estimations, and thus probably subject to bias. Several important habitat factors can be
gathered from existing databases, e.g. the standing volume, vegetation type, fire history,
vegetation type, area and age of forest stands. Further information, like canopy openings
in the tree layer and the cover of boulder fields can be gathered from remote sensing
images. Together, these data can be analysed in a geographic information system (GIS),
which, ideally, could replace time and money consuming fieldwork. Further, using the
GIS-based properties of forest stands, we would be able to develop prediction models
for the population dynamics of small mammals on large spatial and temporal scales.
This thesis elucidates the effect of forest management practices on the dynamics of
small mammals. However, if we aim at giving recommendations for sustainable forest
management, also the effect of forestry on other important functional groups in the
boreal ecosystems must be considered.
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GLOSSARY

CWD. Coarse woody debris. Generally woody debris with a diameter> 10 cm.
Forest management practices. All activities in connection with forestry, including e.g.
pruning, brushing, thinning, logging, clearing of the ground, scarification and planting.
Functional category. Groups of individuals of one species differing demographically
and in their behaviour. Here used to distinguish between individuals of C. glareolus in
dependence on reproductive condition and the breeding season they were trapped.
FWD. Fine woody debris. Generally woody debris with a diameter <10 cm.
Landscape. Heterogeneous land areas of varying size and composed of a cluster of
interacting ecosystems that are repeated in similar form throughout (Forman and
Godron 1986).
Mature forest. Used in silviculture terminology to describe forests with a standing
volume sufficient for logging.
Natural forest. Forest originating from natural regeneration.
Old-growth forests. Mature, unmanaged forests. Here used synonymous with virgin
forests.
Population. A group of individuals of the same species that interact with each other.
However, I used the term in the meaning of metapopulation, i.e. a population of
subpopulations that are spatially separated but connected by the dispersal of individuals.
Population cycle. The fluctuations in the number of individuals in a population,
characterised by an increase, peak, decrease and a low phase (Krebs and Myers 1974).
Here used to describe the fairly regular (3-4 years) fluctuations in population size.
Population dynamics. In a strict sense all changes in the elements characterising a
population. In this thesis this term is used as the temporal and spatial changes in the
numbers of small mammals.
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We studied the abundance and diversity of six species of small mammals in relation
to structural habitat factors related to the vegetation in a mountain region in northern Sweden. Small mammals were snap-trapped along transects at different altitudes
in subarctic birch and coniferous forest. Three structural habitat factors, the cover of
logs (coarse woody debris), branches (fine woody debris) and umbrella vegetation
(vegetation higher than 30 cm) were estimated for each trapping site. Initially, the
data set was analyzed by principal component analysis. The first extracted component, which could be interpreted as a variable of overall abundance of the small
mammals, explained 93% of all variance in the species-environment relation. This
component was positively correlated with the cover of logs, but not with the cover of
branches and umbrella vegetation. On the species level, the abundance of Cfrthrionomys glareolus, C rufiscanus and Myopus schisticolar showed positive correlations with
both øver of logs and umbrella vegetation. In contrast, the abundance of Lemmus
lemmus was negatively correlated to the cover of logs. There was also a positive correlation of the abundance of C glareolus and M schisticolor with the cover of branches.
Furthermore, the populations of C glareolus tended to be more numerically stable
where more logs were present. Our study stresses the importance of structural habitat factors in affecting the overall abundance and diversity of small mammal assemblages in the subarctic birch and taiga landscape. Most likely, the positive relations of
species abundance and diversity with the structural factors were closely linked to a
general effect on habitat conditions for the small mammals, such as the amount of
shelter and food.
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Small mammal communities indse boreal forests of northern Fennoscandia usually comprise only a few species of
voles and lemmings (Muridae, subfamily Arvicolinae) and
of shrews (Soricidae). However, many of these species occur in a wide range of habitats and they may also occur at
very high, but varying densities (e.g. Krebs and Myers
1974, Myllytnälci et al. 1977, Hömfeldt 1991, 1994).
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Voles and lemmings also constitute the main food for
many mammalian and avian predators (e.g. Englund
1970, Lindström 1982, Erlinge et al. 1983, Hörnfeldt et
al. 1990, Tannerfeldt and Angerbjörn 1996) and are therefore considered to be very important for the dynamics and
functional diversity of the ecosystems in the north (e.g.
Krebs and Myers 1974, Myllymäld et al. 1977, Hansson
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1978, HörnfeMt 1978, 1991, Angelstam et al. 1984,
Angelstam 1985, Hörnfeldt et al. 1986, Stenseth and Ims
1993). Small mammals prey on various types of plants, lichens, fungi and invertebrates and their presence in an
ecosystem influences to a great extent the dynamics of
these organisms as well (e.g. Ericson 1977, Hansson 1988,
Ericson et al. 1991, Ostfeld et al. 1997, Virtanen et al.
1997, Howe and Brown 1999, Terwilliger and Pastor
1999).
The dynamics and persistence of small mammal populations living in heterogeneous landscapes are most likely
influenced by several factors (e.g. Lidicker 1988, 1991,
Batzli 1992). Environmental factors, such as the availability of food and shelter are crucial to reproduction and survival (e.g. Batzli 1983, Hansson 1997) and should also be
of major importance for habitat selection of individuals
(Hansson 1978, 1982, Henttonen and Hansson 1984,
Morris 1995, 1996a). On the other hand, Hansson (1997)
argued that the occurrence and distribution of different
species into various habitats might reflect habitat dependent survival, rather than primary habitat selection. Interspecific competition for crucial resources has also been
shown to be important to explain the distribution of species in various habitats (Olszewski 1963, Grant 1972, Löfgren 1995, Morris 1995, 1996b, Johannesen and Mauritzen 1999). Thus, the availability of food and shelter
should be of great importance for the overall dynamics and
persistence of small mammal populations on both a temporal and spatial scale.
In boreal forests, fallen trees, branches, vegetation in the
field layer, rocks, boulders and other structural factors provide shelter and/or food (directly or indirectly) for several
species of small mammals (e.g. Hansson 1978, Cockburn
and Lidicker 1983, Adler 1985, Harmon et al. 1986, Batzli and Lesieutre 1995, Morris 1997). These structural far-
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tors should also influence the overall heterogeneity of landscapes and habitats and may therefore enhance the regulation and stability of small mammal populations as was proposed by e.g. Stenseth (1977), Bondrup-Nielsen and Ions
(1988) and Hansson (1992). The main goal of this study
was to investigate the relationships of some structural habitat factors related to vegetation with the abundance, diversity and stability of small mammals.

Methods
The study was performed in a mountain region near
Ammarnäs in Swedish Lapland (= 66°00'N, 16°15'E)
(Fig. 1). According to Ahti et al. (1968) this region belongs
to the northern boreal vegetation zone. The vegetation period (average daily temperature> + 5°C) is ca 115 d (Raab
and Vedin 1995). The ground is usually covered with snow
from October until the beginning of June. Subarctic birch
and coniferous forest of the heath type predominate at low
altitudes, whereas at higher altitudes the vegetation gradually changes to different types of mires, meadows, heaths
and nival snow patches. The field layer of the birch and
coniferous forest of the heath type is mostly dominated by
Vaccinium myraus or Empetrum nigrum ssp.
hermaphroditum with elements of herbs, e.g. Solidago
vilgaurea and Geranium sylvaticum and ferns, e.g.
Gymnocarpium dyopteris. Tall herbs, e.g. Trollius europaeus
and Aconitum lycotonum dominate the field layer of the
birch and coniferous forest of the meadow type. In this
study we only evaluated data from areas at or below the
tree line.
Small mammals were snap-trapped twice per year, in
spring (end of June) and autumn (late August) from autumn 1995 to autumn 1997. Ten trap-stations, with five

I)

200 krn

Ammarnäs

II)

Fig. 1. Location of the study area
(shaded) in Ammarnäs, Swedish
Lapland. Illustration of the sampling design; roman numbers refer to trap-station (I), transect
(II), subarea (III) and study area
(IV).
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snap-traps on each, were spaced at intervals of 10 m along
a transect of 90 m. Transects were arranged into 6 subareas,
each with 6-8 transects that were spaced at 300 m intervals
(Fig. 1). The subareas were placed according to the Swedish National Grid. We arranged the transects of each subarea along a gradient from low to high altitudes, running
either from SE to NW or from SW to NE (Fig. 1). Traps
were checked for three consecutive days during each census period. The basics of the trapping methods used were
described earlier by Hömfeldt (1978, 1994).
Within an area of 10 x 10 m centered around the trapstations, we recorded the cover of branches (diameter < 10
cm), logs (diameter ?_ 10 cm) and umbrella vegetation
(vegetation higher than 30 cm). These data were categorized into five classes of cover (0%, 1-12%, 13-25%, 2650%, > 50%). The umbrella vegetation included all vascular plants that occurred in the field and the shrub layer. For
the analysis we used the transect as the unit of sampling,
i.e. data were aggregated for the 10 trap-stations on a
transect. Since we only used transects at or below the tree
line, this study included 35 out of 46 transects for the entire study area. As a measure on the overall abundance of
the small mammals we used the cumulated number of individuals trapped per species in spring and autumn 19951997.
As a measure of temporal variation of small mammal
abundance, we calculated an index of cyclicity for each
species according to
s-

(log 1%1; —log NY
n —1

(e.g. Hansson and Henttonen 1985), where s is the index
of cyclicity, Ni is the small mammal abundance in autumn,
and n is the number of observations. For these calculations
we excluded transects that did not yield any individual of
the respective species during the entire study period. Diversity of the small mammal assemblages was estimated as
species richness.
We reduced the dimensionality of the original data set
containing 12 species variables (data on species abundance, see Fig. 3) by principal component analysis (PGA)
using the CANOCO statistical packages (ter Braak 1987).
We excluded principal components (PCs) with eigenv-alues < 0.1. For the interpretation of the PCs we used only
variables with loadings 10.61. The environmental variables were included in the PGA by performing a regression
of the covariances between species and environmental variables on the component loadings. We evaluated the
unique influence of the structural habitat factors on the
extracted PCs by partial regressions on square-root transformed data (e.g. Zar 1996). For the analysis of speciesspecific relationships with structural habitat factors we
used Spearman rank correlation coefficients (r) (e.g. Zar
1996).
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Results
In total, we trapped 838 Clethrionomys gktreolus, 196 C
ruficanus, 122 Microtus agrestis, 106 Lemmas kmrnus, 68
So= araneus, and 17 Myopus schisticolor during 1995-97.
Although, there was a marked seasonal variation in abundances, the annual abundances remained fairly stable in
most species (Fig. 2). Only in S. araneus and M. schisticolor
the cyclicity indices were > 0.5, which was suggested by
Henttonen et al. (1985) to indicate multi-annual density
cycles.
The principal component analysis performed on the
species and on the environmental data revealed the relative
importance of the studied structural habitat factors for species abundance and diversity (Fig. 3). We interpreted the
first principal component (PC 1) as a variable of overall
abundance of small mammals (the autumn and spring
trappings of C glareolus and autumn trappings of S.
araneus made up 67% of all trapped specimens) (Table 1).
PC 1 explained 60.1% of all variance in the species data
and 93.0% of all variance in the species-environment relationship. PC 2, interpreted asa variable of the abundance
of C ruficanus (Table 1), was of minor importance and
explained additionally 13.7% of all variance in the species
data and 3.0% of all variance in the species-environment
relation. PC 1 was correlated with the cover of logs, but
not with the cover of branches and umbrella vegetation
(Table 2). We found no correlation between PC 2 and the
structural habitat factors. In none of the species, except in
S. araneus, we found any pronounced difference between
spring and autumn abundances in the relation to the two
principal components (Fig. 3, Table 1). Hence, the structural habitat factors appeared to be equally important in
explaining both lower (spring) and higher (autumn) abundances of all the vole species.
The abundance of all species but M agrestis and L. lemma was positively correlated with the cover of logs (Table
3). In fact, the abundance of L. lemma was negatively correlated with this factor. The abundance of C gktreolus was

—e—C glareolus
—e- C rulocanus
••••• • M. agrestm
—ä— M. schisticolor
L. lernmus
- - S. araneus

250
o. 200

g 150

8. ino
g 50
0

•
aut 1995

spr 1996

aut 1996

spr 1997

aut 1997

Year and season

Fig. 2. Total number of small mammals trapped below the tree
line in the study area in spring (spr) and autumn (aut) 199597.
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Fig. 3. Biplot of first two principal components of the species
and structural habitat data. Species data were standardized and
are denoted by dots. Arrows denote structural habitat data.
Together PC1 and PC2 explained 96.0% of all variance in the
species-environment relation. Abbreviations refer to: the
abundance per transect of C glareolus (Cg), C ruficanus (Cr),
M ages& (Ma), L. lemmus (L1), M schinicolor (Ms), S. araneus
(Sa), umbrella vegetation (Umbveg). Data for spring (3p) and
autumn (fä).
also positively correlated with the cover of branches and
umbrella vegetation. The umbrella vegetation also correlated positively with the abundance of C ruficanus and M.
schisticalar (Table 3). Species richness was positively related
to all structural habitat factors (Table 3). In C Azreolus the
cyclicity index (s), which may be regarded as a measure of
population stability among years, decreased with an increasing cover of logs (r, = -0.47, n = 24, p <0.05). Among
the other species we found no significant relation between
the cyclicity index and the structural habitat factors.
Some structural habitat factors were interrelated, i.e.
the cover of branches was positively correlated to logs (r
0.48, p <0.01) and to umbrella vegetation = 0.37, p <
0.05). The cover of logs was also positively correlated to
that of umbrella vegetation (r, = 0.46, p <0.01).

Among the structural habitat factors studied, the cover of
logs (coarse woody debris) turned out to be of greatest importance to explain the species richness and overall abundance of the small mammals. However, only the abundance of those species that commonly occur in forest habitats, i.e. C glareolus, C ruficanus, M schisticolor and S.
ananeus (Hansson 1969, 1978, Henttonen et al. 1977,
Henttonen and Hansson 1984), showed positive correlations to the cover of logs. In contrast, the abundance of L.
lemmus was negatively correlated with the cover of logs,
whereas the abundance of M agrestis was not correlated
with this factor. Both these species are generally known to
prefer open habitats like alpine heaths, mires and meadows
(Henttonen et al. 1977, Hansson 1978, Henttonen and
Hansson 1984). However, during peak years they may also
occur frequently in closed forest habitats (Kalela 1962,
Viitala 1977, Löfgren 1995). A positive relationship between the amount of coarse woody debris and the overall
abundance of small mammals has previously been reported from managed forests in North America (Carey
and Johnson 1995). Dead wood as logs, stumps and
branches, should be important for small mammals inhabiting the forest floor. Decaying logs should be especially
important as they might provide shelter, in the form of
covered runways and nests, but also food resources as
plants, mosses, lichens and fungi (e.g. Harmon et al.
1986). Decaying trees may also enhance the production of
invertebrates (e.g. Samuelsson et al. 1994) which should
be beneficial for shrews and most likely also for the omnivorous vole C glareolus. The effect of branches on a small
mammal community is likely to be similar to that of logs.
In fact, our study also indicated that the overall species
richness, as well as the abundances of C glareolus and ofM
schisticolor, were positively influenced by the amount of
branches.

Table 1. Component loadings of the variables included in the principal component analysis. Variables with loadings
10.61 (*) were used for the interpretation of the principal components.
Principal component

Variable
1
Abundance of
S. araneus
M. schisticolor
L lemmus
C. glareolus
C. rufocanus
M. agrestis

4

autumn
spring
autumn
spring
autumn
spring
autumn
spring
autumn
spring
autumn
spring

-0.60*
-0.18
-0.31
-0.26
0.54
0.42
-0.99*
-0.82*
-0.40
-0.37
-0.39
-0.21

2
-0.04
0.17
0.02
-0.19
-0.02
-0.19
-0.09
-0.07
0.88*
0.78*
-0.30
-0.27
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Table 2. Partial correlation coefficients of the studied structural habitat factors, illustrating the unique contribution of each
factor to the prediction of the loadings of the principal components. Level of significance; ***, p < 0.001; n = 33.
Structural habitat factor
Branches
Logs
Umbrella vegetation

Principal component 1

Principal component 2

—0.170
0.785***
0.256

As the cover of logs and branches, the cover of vegetation in the field and shrub layer is also generally believed to
provide small mammals with both food and protection
from predators (e.g. Batzli 1992). Our study revealed a
positive relation between the cover of umbrella vegetation
and the abundance of C. glareolus, C. ruficanus and M
schisticolor, i.e. the species that are normally associated with
forest habitats. In contrast, M agrestis, L. lernmus and S.
araneus did not show such a relationship. Batzli and Lesieutre (1995) obtained similar results by experimentally
manipulating the cover of shrubs. They found that some
species responded to the amount of cover, whereas other
species did not and suggested that this may reflect different
habitat preferences of the species. If so, our finding that the
abundances ofM agrestis and L lemmus did not show any
relationship with the cover of umbrella vegetation, may be
the result of these species having a general preference for
open habitats. In our study the open habitats had a generally lower cover of umbrella vegetation compared to forest
habitats.
Interestingly, the cyclicity index of C. glareolus decreased with an increased cover of logs. Although, our
study covered only a short time-period, this result indicates
that the populations of C gkireolus were more stable where
more logs were present in the landscape. Similar results
were obtained by Lee (1995) in a 3-yr study of Sorex vagrans in North America. He found the population fluctuations of this species to be larger on sites with low amounts
of coarse woody debris, compared to sites with high
amounts. Most likely, coarse woody debris also contributes
to create more heterogeneous environments to small mam-

0.307
—0.101
—0.142

mals, which in turn is generally assumed to enhance population stability (Stenseth 1977, Bondrup-Nielsen and Irns
1988, Hansson 1992).

Our study clearly demonstrates the importance of
structural habitat factors related to the vegetation for the
overall abundance and species richness of small mammal
assemblages in the subarctic birch- and taiga landscape.
Despite that some of the structural habitat factors were interrelated, the cover of logs appeared to be the far most
important factor. However, most likely all the factors studied (logs, branches and umbrella vegetation) were closely
linked to the availability of shelter and food for the small
mammals. Future experimental studies should focus on
how structural habitat factors act on species abundance,
species richness and population stability and on what spatial scales they are important. There is also a need for experiments aimed to investigate whether the relationship between species abundance and structural habitat factors depends on habitat selection, or just reflects habitat-dependent survival as was proposed by Hansson (1997). Such
studies should also account for possible effects from interspecific competition among the studied species.
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Table 3. The relationship (Spearman rank correlation coefficient, r,) of total small mammal abundances and species
richness with structural habitat factors on transects. Levels of significance; *, p <005; ", p <0.01; ***, p <0.001, n =35.
Species
Branches

C. glareolus
C. rufocanus
M. agrestis
L.lemmus
M. schisticolor
S. araneus
Species richness
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0.46**
0.04
0.11
—0.01
0.36*
0.28
0.34*

Structural factor
Logs
0.80***
0.42*
0.27
-0.40*
0.40*
0.53**
0.59***

Umbrella vegetation
0.52**
0.37*
0.18
—0.06
0.42*
0.23
0.39*
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Population dynamics of small mammals in relation to forest age and
structural habitat factors

Frauke Ecke, Ola Löfgren and Dieke Sörlin

Division of Ecology and Environmental Protection, Luleå University of Technology,
SE-971 87 Luleå, Sweden

Abstract - We evaluated the relation between forest age and structural habitat factors
and its implications for species richness and the population dynamics of the habitat
generalist Clethrionomys glareolus. Extensive snap-trapping of small mammals was
conducted during 1998-2000 on 24 study sites in the rural district of Älvsbyn, northern
Sweden. We selected managed forests of six different age classes (0-50 yr) that were
compared with adjacent mature forests (>100 yr). Trappings were performed along
transects with 15 trapping sites running from the immature forests into the adjacent
control forests. At each trapping site we recorded 14 habitat variables related to forest
age, vegetation cover in the field layer and overall structural heterogeneity. Most habitat
variables recorded were correlated to forest age. The 14 habitat variables were reduced
to three principal components (PCs), which together explained 75.0 % of all variance
among habitat variables. The three PCs were related to forest continuity, cover of tall
vegetation in the field layer and structural heterogeneity of the forest floor, respectively.
Species richness and total abundance of C. glareolus were highest in the youngest
forest age class. With respect to C. glareolus, this was accomplished with a generally
higher rate of change during summers in the youngest forests compared to adjacent
mature forests. Also, the abundance of year-born breeders in early summers and
subadults in autumns was higher in the 0-5 years old forests. In contrast, survival
during winter was lower in the youngest forest age class compared to adjacent mature
forests. The cover of tall vegetation in the field layer (PC 2) and heterogeneity of the
forest floor (PC 3), but not forest continuity (PC 1), positively influenced species
richness, as well as the overall abundances of C. glareolus. The youngest forest age
class (0-5 yr) had the higher scores for both PC 2 and PC 3 compared to their controls.
Most likely, this contributed to enhance species richness, as well as the rate of change
during summers and the overall abundances of C. glareolus in the youngest forest age
class. The numerical fluctuations of C. glareolus tended to be generally higher in young
reforestations compared to middle-aged and old forests, and suggested that population
fluctuations of C. glareolus may be greater in a landscape were the proportion of young
forests is high compared to a landscape were old forests dominate.
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Introduction
During the last century forest management practices in northern Sweden have changed
the structure of the boreal forests considerably. Today even-aged forests and immature
forest plantations with a relatively low standing volume are dominating over natural
forests (Linder and Östlund 1992). Old-growth forests are generally believed to support
higher biological diversity than younger managed forests (e.g. Svensson 1996).
However, with respect to small mammal communities there are several studies
indicating that species richness and/or diversity may be higher in young reforestations,
than in older natural forests (e.g. Kirkland 1977, Sullivan et al. 1999). In contrast, a
long-term study (31 yr) in Hokkaido, Japan, revealed that the diversity of small
mammals was generally lower in forest plantations compared to natural forests (Saitoh
and Nakatsu 1997). Kirkland (1990) reviewed 21 studies performed in North America
investigating e.g. the initial response of species richness and diversity in small mammal
communities to clearcutting and did not find any consistent pattern among the studies.
Hence, it seems likely that the effects of e.g. clearcutting on species richness in small
mammal communities are not primarily related to the age of a forest stand, but rather
dependent on factors that generally influence e.g. food production and survival of small
mammals. Furthermore, most studies on small mammal community dynamics indicate
that both species composition and the abundances of specific species may be altered by
forest management practices like clearcutting (Kirkland 1990, Saitoh and Nakatsu
1997, Hansson 1999). Forest dwelling species, like many Clethrionomys spp., are
usually disfavoured by clearcutting (e.g. Hansson 1978, 1999, Rosenberg et al. 1994,
Sullivan et al. 1999), whereas species normally found in open-habitats, as many
Microtus spp., are favoured (e.g. Hansson 1978, Sullivan et al. 1999).
Small mammals are of crucial importance to boreal ecosystems because they constitute
staple food for many mammalian and avian predators (e.g. Krebs and Myers 1974,
Hörnfeldt et al. 1990). Small mammals are also involved in the dynamics on several
trophic levels in the boreal ecosystems as they consume plants, lichens, fungi and
invertebrates (e.g. Ericson 1977, Gebczynska 1983, Hansson 1988).
In northern Scandinavia there are studies indicating a long-term decline since the
1970ies in the abundance of the three dominating voles species in boreal landscapes (C.
glareolus, C. rufocanus and M. agrestis) (Hanski et al. 1993, Hörnfeldt 1995).
Hörnfeldt's data suggest that the decline is most pronounced in C. rufocanus and as one
explanation he suggests that changed forest management practices, accompanied with
increased fragmentation of important habitats for reproduction and survival, may be
involved (Hörnfeldt 1995). Also the study of Hansson (1999) indicates that the
abundance, as well as the numerical fluctuations of C. glareolus have ceased in
northern Sweden during 1971-1998. Hansson (1999) argues that these changes might
be due to altered land use.
Few studies have investigated the impact of forest management practices on the
dynamics of small mammal communities on large spatial scales, like e.g. landscapes,
and detailed analyses of the factors altered by forestry, which are important to small
mammals, are scarce.
Habitat factors that provide shelter and/or food are crucial to reproduction and survival
of small mammals (e.g. Adler and Wilson 1987, Batzli 1992, Hansson 1997) and should
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therefore also be important for habitat selection of individuals (e.g. Hansson 1978,
1982, Henttonen and Hansson 1984, Adler 1985, Morris 1995, 1996). In boreal forests,
such factors are e.g. coarse and fine woody debris (CWD and FWD), vegetation in the
field, shrub and tree layer, and boulders (e.g. Hansson 1978, Cockburn and Lidicker
1983, Pucek 1983, Chetnicki and Mzurldewicz 1994, Batzli and Lesieutre 1995, Morris
1997, Johannesen and Mauritzen 1999, Ecke, in press). Many of these factors are
altered by forest management practices, e.g. the amount of course woody debris
(McCarthy and Bailey 1994, Carey and Johnson 1995, Sturtevant et al. 1997, McGee et
al. 1999) and vegetation composition in the tree layer (Gilliam et al. 1995).
In this study, we investigated a wide spectra of structural variables generally considered
to be important for small mammal population dynamics and that may be altered by
forest management practices. Especially, we analysed the relation between forest age,
changes in structural factors and its implications for species richness and the population
dynamics of C. glareolus. We used this species because it is generally found in most
types of forest habitats, and known to be very flexible in its habitat requirements (e.g.
Hansson 1969, Henttonen and Hansson 1984).
Material and methods
Study area
This study was performed within the rural district of Älvsbyn in northern Sweden
(Fig. 1). According to Sjörs (1999), the area belongs to the middle boreal subzone. We
studied the dynamics of small mammals in forests belonging to six different age classes
(0-5, 6-10, 11-20, 21-30, 31-40 and 41-50 years old, respectively). Each forest in the
respective age class was compared with an adjacent mature forest (>100 yr), referred to
as a control. We had four replicates of each age class, giving 24 study sites (Fig. 1).
We used a Geographic Information System (GIS) to select suitable study sites. The GIS
included attribute data about the age and size of forest stands, land use, roads, streams
and lakes. We selected study sites that were located in coniferous forests of the fresh
heath type, which is a very common forest type on moraine soils in northern Sweden.
Each study site included two 420 m long parallel transects, running from the immature
into the adjacent mature forest stand (Fig. 1). The centre of each transect was located at
the border between the immature and the mature forest. The distance between the two
transects was 100 m. To avoid edge effects from the surrounding areas, each study site
had an area of at least 620 by 300 m. Each transect comprised 15 trapping sites spaced
at regular intervals of 30 m. We selected study sites that were not traversed by any type
of roads or large streams.
The rural district of Älvsbyn (1813 km2) is covered to 83 % with forests. 46 % of this
area have forest stands younger than 50 years and 22 % are older than 100 years
(Norrbotten 2000). Most of the forests used as controls had the character of natural
forests, but some of them were influenced by extensive selective cutting. All forests in
the age classes 0-39 yr had originally been clearcuts, whereas the forests in the age class
41-50 years had been managed by selective cutting.
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Fig. 1. Location of the 24 study sites in the rural district of Älvsbyn near Luleå
Sweden, and illustration of the sampling design on study sites.
Scots pine Pinus sylvestris was the dominating tree species, but in some stands Norway
spruce Picea abies occurred frequently. The dominating species in the field layer were
Vaccinium myrtillus and V. vitis-idaea. Solida go virgaurea, Geranium sylvaticum,
Gymnocarpium dryopteris, Empetrum nigrum ssp. hermaphroditum, and Deschampsia
flexuosa were also common.

Monitoring of small mammals
Small mammals were trapped twice per year, in early summer (mid of June) and in
autumn (mid of September), from early summer 1998 to early summer 2000. At each
trapping site (Fig. 1), we placed three snap traps within a radius of 2 m. The traps were
baited with Polish wicks (Grodzinski et al. 1966) and dried apples and checked for three
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consecutive days during each trapping session, giving a trapping effort of 6480 trapnights per session. Specimens of C. glareolus were divided into four functional
categories, depending on their weight, reproductive condition and the season they were
trapped. Individuals that were trapped in early summer and that had survived winter, we
referred to as overwintered breeders (OWBR). Reproductive individuals trapped in
early summer, belonging mainly to the first cohort of the year, were referred to as yearborn breeders (YBBR). Subadults (SUBA) were individuals trapped in autumn that did
not attain maturity during their first year. Reproductive and/or postreproductive
individuals trapped in autumn were referred to as adults (ADUL). For details on these
definitions see (e.g. Myllymäki 1977, Löfgren 1989).
Estimation of habitat variables
Within an area of 10 by 10 m on each trapping site, we quantified 13 structural habitat
variables that were known or suspected to be important for the population dynamics of
small mammals (Table 1). The cover of trees in the lower tree layer (TR2) was not only
a measure of tree cover, but also a measure of the age structure of the forest. Thus,
even-aged forest stands attained a value of zero for TR2. TOP was a combined measure
of the structural complexity and the relief of the forest floor, including hollows,
hummocks, stumps, logs and boulders.
Table 1. Description of the 14 habitat variables recorded on each trapping site.
Variable Description

Measure

AGE

GIS with information for each forest
stand, covering the entire study area

TR1
TR2
SHR
HER

MOS
LIC

EPL

CWD
FWD
BOU
UMB
SNA
TOP

Forest age, divided into 7 age classes. 15, 6-10, 11-20, 21-30, 31-40, 41-50 and
>100 years
Cover of trees (>5 m high)
Cover of trees (>5 m high) that differ at
least 5 m in height from TR1
Cover of shrubs (1.5-5 m high)
Cover of vascular plants (<1.5 m high)
Cover of mosses in the bottom layer
Cover of lichens in the bottom layer
Cover of epixylic lichens on branches and
stems in breast height
Cover of coarse woody debris (stems >10
cm diameter)
Cover of fine woody debris (stems <10
cm)
Cover of visible boulders > 10 cm
diameter
Cover of umbrella vegetation, vegetation
>30 cm but <1.5 m high
Number of snags
Topography

four-graded scale: EPL=0 %,
0 % <EPL5 %, 5 % <EPL5.50 % and
>50 To
van der Maarel scale a), nine-graded
van der Maarel scale a), nine-graded
van der Maarel scale a), nine-graded
van der Maarel scale a), nine-graded
four-graded scale: level; sparsely
distributed hollows; many hollows but
only locally distributed; many hollows,
evenly distributed

(Jongman et al. 1995)
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Data analyses
Trapping sites located at the boarder between the immature and the mature forests were
excluded from the analyses. We also excluded data from 84 trapping sites (including
one study site) that were altered by forest management practices during the study
period. Consequently, the number of trapping sites was 56 in all age classes, except for
the age classes 0-5, 31-40 yr and the controls adjacent to the age classes 0-40 yr, where
the number of trapping sites was 42. Thus, in this study, we analysed data of 588
trapping sites.
As a measure of the seasonal variation in abundance of C. glareolus, we calculated the
rate of change in numbers from early summer to autumn and from autumn to early
summer in the following year. The rate of change was calculated as
iog10 (1 + xt,i) - lug10(1 +
where X is the abundance of C. glareolus at a trapping site and t is the time (see e.g.
Steen et al. 1996).
We used principal component analysis (PCA) (Jongman et al. 1995) to reduce the 14
habitat variables to a few essential components. Only principal components (PCs) that
explained more than 10 % of the variance among the habitat variables were considered.
For the interpretation of the PCs, we used variable loadings 1>0.51. To analyse
relationships among habitat variables, and between the PCs and small mammal trapping
data, we used the Spearman's rank correlation (n). The significance level (a) of all
correlation coefficients was adjusted (a') for the number of correlations performed (k)
with the Bonferoni method (a'=a/k) (e.g. Sokal and Rohlf 1995). The overall
relationship between the habitat variables was analysed with Kendall's coefficient of
concordance (W). We used Kruskal-Wallis analysis of variance by ranks (H) to test the
overall differences between the immature forests and the controls. For age specific
comparisons between an age class and its respective controls we used the Mann
Whitney U-test (U). We performed logistic regressions to examine the importance of
the habitat variables (represented by the PCs) to predict the occurrence of various
functional categories of C. glareolus at trapping sites. For these analyses, we reduced
the abundance of the functional categories at each trapping session to a binary response
variable (present/absent) and performed stepwise logistic regressions (Quasi-Newton
estimation method with 50 iterations) (Sharma 1996). The joint significance of the
statistic. The estimates of the
explanatory PCs was tested with the likelihood ratio
explanatory variables were measures of the individual importance of each PC, and their
significance was tested with Wald's j statistic.

Results
Small mammal abundance
During 1998-2000 we trapped in total 1816 C. glareolus, 7 C. rufocanus, 35 Microtus
agrestis and 133 Sorex spp. C. glareolus were found on all study sites, Sorex spp.
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Fig. 2. Total number of small mammals trapped per trapping session, in early summers
and autumns 1998-2000. Shading denotes winter. C. glareolus (0), C. rufocanus (0),
M. agrestis ( s), Sorex spp. (A).
1998

occurred on 22, C. rufocanus on three and M. agrestis on ten of the 23 study sites.
There was a marked seasonal variation in the abundances of C. glareolus and Sorex
spp., whereas the seasonal variation in C. rufocanus and in M. agrestis was less
pronounced (Fig. 2). All species trapped were considered for the analyses of species
richness, whereas only data on C. glareolus were used for the analyses of population
dynamics.
General characteristics of the forests
Many of the 14 habitat variables recorded were associated to each other (W=0.63,
p<0.001, Table 2). The two measurements of tree canopy cover (TR1 and TR2) were
positively correlated to forest age, whereas the cover of shrubs, FWD, boulders and
umbrella vegetation were negatively correlated to forest age. Also the cover of epixylic
lichens and mosses, and the number of snags were positively related to forest age.
Forest age was not correlated to the cover of CWD. Site specific comparisons revealed
that several of the habitat variables recorded differed significantly between the
immature and the adjacent mature forests (Table 3). The 0-5 years old forests differed
in all variables from the mature forests except for the cover of CWD. All forests
between 0-20 years old had a higher cover of umbrella vegetation and FWD than their
respective controls. In contrast, the forests 31-40 and 41-50 years old had less cover of
both FWD and CWD than their controls. The cover of herbs (HER) was highest in the
0-5 years old forests. The forests 0-10 and 31-40 years old had a more complex forest
floor (TOP) than their controls. The cover of shrubs, which was negatively correlated to
forest age, was less in the 0-5 years old forests compared to adjacent mature forests. In
contrast, the forests that were 6-40 years old had a generally higher cover of shrubs than
their controls. Generally, the cover of the two tree layers, mosses and epixylic lichens was
higher in the control forests than in the adjacent managed forests that were 0-40 years old.
These differences were less pronounced between the forests 41-50 yr and their controls.
Trapping sites located in the age classes 0-5 and 31-40 yr had a higher cover of visible
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boulders than those in the mature forests. The number of snags was consistently lower
in all immature forest age classes compared to their respective controls.
Table 2. Relationship (re) between the habitat variables recorded on trapping sites. *
(P' <0.04) Bonferroni corrected. N=588. See Table 1 for abbreviations.

TR1 TR2 SHR HER MOS LIC EPL FWD CWD BOU UMB TOP SNA
AGE

0.65 0.56 -0.27 -0.00 0.56 -0.09 0.60 -0.21
*

TR1

*

SHR

HER
MOS
LIC

0.06 -0.20 -0.21 -0.10 0.39

*

0.37 -0.19 -0.01 0.32 -0.13 0.55 -0.20 0.00 -0.19 -0.08 -0.03 0.24
*

TR2

*

*

*

*

-0.15 -0.03

*

0.36 -0.19 0.39 -0.11

0.05 -0.14 -0.10 -0.08 0.34

0.13 -0.03 0.02 -0.02 -0.21 -0.18 -0.08 0.43 0.11 -0.19
*

*

0.12 -0.57 0.11 -0.17 -0.24 -0.43 0.61
*

*

*

*

0.21 -0.04
*

-0.18 0.48 -0.36 -0.09 -0.29 -0.06 -0.18 0.23
*

-0.23

*

0.00 0.18 0.58 -0.51 -0.21 -0.08
*

*

*

*

0.13

0.02 0.25

EPL

-0.30 -0.01 -0.34

FWD

0.36

0.23 -0.13 0.08 -0.04

*

*

*

*
*

0.21 -0.18 0.06 0.18

CWD

*

*

-0.41

BOU

*

0.15 -0.10
*

0.35 -0.11

UMB

-0.03

TOP

By PCA, the 14 habitat variables were reduced to three PCs, which together explained
75.0 % of all variance among the habitat variables. The first PC was positively
correlated to forest age, the number of snags as well as the cover of the tree layers,
mosses and epixylic lichens (Fig. 3). Therefore, we interpreted the first PC as a factor

related to forest continuity. The cover of vascular plants and umbrella vegetation were
positively correlated to the second PC, whereas the cover of lichens and boulders were
negatively related to this factor. Thus, we interpreted the second PC as a factor of cover
of tall vegetation in the field layer. There was a positive correlation of CWD, FWD and
topography to the third PC and we interpreted this component as a factor of general
structural heterogeneity on trapping sites (Fig. 3).
Forest age-specific comparisons revealed that the scores for PC 1 (forest continuity)
were lower in immature forests compared to adjacent mature forests (Table 3). Only the
youngest forest age class (0-5 yr) had higher scores for cover of tall vegetation in the
field layer (PC 2) and structural heterogeneity (PC 3) than the adjacent controls. In fact,
with respect to structural heterogeneity, this age class had much higher scores
compared to all other age classes.
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Table 3. Mean estimates of the structural habitat variables and of the principal
component scores in the forests of different age (Im) and in the adjacent mature forests
(Ma). Bold figures indicate higher values in the immature forest compared to the
mature forest according to the Mann Whitney U-test (* p<0.05, ** p<0.01, ***
p<0.001). See Table 1 for abbreviations and see material and methods for n.
Age classes (years)

Variable
TRI

Im

FWD

4.81

CWD
BOU
UMB
TOP
SNA

3.93
4.81
3.36
0.12

25.26
6.19
4.07
39.64
68.33
0.55
2.76
3.55
2.69
2.45
3.71
2.45
0.67

PC 1
PC 2
PC 3

-1.06
0.41
1.15

1.07
-0.14
-0.20

TR2
SHR
HER
MOS
LIC
EPL

Im

Ma

1.52
0.21
1.50

49.05
15.57
0.07
0.57
2.88

***
***
***

***
***
***
***

***
**
***
***
***
**
***

11-20 vs. >100

6-10 vs. >100

0-5 vs. >100

Ma

1.38
0.04
14.32
30.52
38.89
13.07
0.50
4.18
2.05
3.93
4.93
2.82
0.00

13.17
3.55
2.52
33.69
62.62
5.45
2.31
3.60
3.10
3.62
3.02
2.57
0.59

-1.53
-0.22
0.07

0.56
-0.72
-0.08

***
***
***

***

***
**
**

***

***
***

Im

Ma

3.09
0.09
12.98
32.30
31.41
7.52
2.23
4.13
3.34
4.79
4.77
2.7'7
0.09

14.68
3.73
3.91
36.11
65.80
2.61
3.32
3.63
3.48
4.57
3.11
3.04
0.87

-0.95
-0.13
0.40

0.96
-0.36
0.37

***
***
***

***
***
***
**

***

***
***

Table 3. Continued.
Age classes (years)

Ma

Im

Ma

CWD
BOU
UMB
TOP
SNA

43.96
46.75
5.18
2.36
3.05
2.30
3.36
4.82
2.73
0.05

11.71 ***
3.69 ***
6.21
41.67
74.59 ***
1.98
3.29 ***
3.10
2.52
2.83
4.57
2.83
0.62 ***

12.57
0.00
6.90
37.55
48.45
5.57
2.64
3.40
2.05
4.90
4.31
3.05
0.02

12.67
3.52
2.95
33.69
71.43
2.31
3.36
4.05
3.10
2.98
3.40
2.60
0.43

PC 1
PC 2
PC 3

-0.67
0.15
-0.34

0.68
0.13
-0.34

***

-0.45
-0.09
-0.08

0.79
-0.39
-0.06

Variable
TR1
TR2
SHR
HER
MOS
LIC
EPL

FWD

Im
7.16
0.18

8.09

41-50 vs. >100

31-40 vs. >100

21-30 vs. >100

***
***

***
***
***
**
**
***

**
***
***
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Im

Ma

15.52
2.39
6.12
49.46
73.66
1.93
3.63
2.38
1.29
2.18
5.20
3.11
0.16

20.36 *
3.95
4.62
43.84
60.80 **
1.21 *
3.73
3.70 ***
1.95 *
2.13
5.18
3.11
0.41 *

0.16
0.63
-0.81

0.86
0.51
0.01

***

***
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Fig. 3. The scores of the 14 habitat variables derived from principal component
analysis, plotted against the first and second principal component (A) and the second
and third principal component (B). Scores 1>0.51 were used for the interpretation of the
principal components. Variables contributing significantly (0) and not significantly (A)
to the PCs, respectively. The axes were rotated using the Varimax normalized rotation
technique. N=588. See Table 1 for abbreviations.
Species richness in relation to forest attributes
There was an overall difference in the species richness of small mammals among forest
age classes (H6, 588=16.07, p<0.05) (Fig. 4). Trapping sites in the youngest forests (0-5
yr) were recorded for the highest species richness and they also had higher species
richness than trapping sites located in the adjacent controls (Table 4). In contrast, the
trapping sites in the 11-20 years old forests had lower species richness than those in the
adjacent mature forests (Table 4).

0.5
0-5 6-10

11-20 21-30 31-40 41-50 >100
Forest age (years)

Fig. 4. Species richness per trapping site in relation to forest age. Mean values ± two
SE are given. For n see material and methods.
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Table 4. Means of small mammal data in the forests of different age (Im) and the
adjacent mature forests (Ma). Bold figures indicate higher values in the immature forest
compared to the mature forest according to the Mann Whitney U-test (* p<0.05,
**p<0.01, ***p<0.001). See material and methods for abbreviations and for n.
Age classes (years)

Variable
Species richness
Total abundance of
C. glareolus
Abundance of
OWBR 1998
OWBR 1999
OWBR 2000
YBBR 1998
YBBR 1999
YBBR 2000
ADUL 1998
ADUL 1999
SUBA 1998
SUBA 1999
Rate of change during
summer 1998
summer 1999
winter 1998/99
winter 1999/00

Im

Ma

11-20 vs. >100

6-10 vs. >100

0-5 vs. >100
sig.

Im

Ma

sig.

Im

Ma

sig.

1.40

0.90 **

1.11

1.00

0.93

1.21 **

4.17

1.81 ***

3.63

2.76

3.71

4.98 *

0.50
0.05
0.12
0.50
0.00
0.10
0.40
0.07
2.10
0.31

0.17
0.02
0.17
0.10
0.00
0.00
0.24
0.00
1.10
0.02

**
**

0.39
0.07
0.23
0.23
0.00
0.05
0.39
0.05
1.95
0.23

0.21
0.02
0.17
0.26
0.00
0.05
0.26
0.05
1.67
0.07 *

0.23
0.00
0.14
0.18
0.00
0.14
0.34
0.07
2.34
0.25

0.29
0.20 **
0.30
0.21
0.00
0.18
0.54
0.14
2.79
0.34

0.24
-0.00 **
-0.28 **
0.04 **

0.36
0.06
-0.44
-0.02

0.33
0.02 *
-0.38
0.02

0.42
0.08
-0.48
-0.04

0.34
0.09
-0.45
-0.07

*
*

0.51
0.07
-0.53
-0.03

Table 4. Continued.
Age class (years)
31-40 vs. >100

21-30 vs. >100
Variable
Species richness
Total abundance of
C. glareolus
Abundance of
OWBR 1998
OWBR 1999
OWBR 2000
YBBR 1998
YBBR 1999
YBBR 2000
ADUL 1998
ADUL 1999
SUBA 1998
SUBA 1999
Rate of change during
summer 1998
summer 1999
winter 1998/99
winter 1999/00

Im

Ma

sig.

Im

Ma

sig.

41-50 vs. >100
Im

Ma

1.02

1.00

1.05

0.90

0.91

0.80

2.88

1.64 *

2.40

2.38

2.79

3.07

0.09
0.00
0.05
0.14
0.00
0.05
0.30
0.04
2.05
0.13

0.10
0.05
0.00
0.07
0.02
0.00
0.33
0.05
0.95
0.07

0.14
0.02
0.02
0.21
0.00
0.07
0.33
0.00
1.43
0.19

0.19
0.02
0.05
0.14
0.05
0.00
0.19
0.00
1.64
0.10

0.13
0.07
0.07
0.32
0.02
0.05
0.25
0.05
1.48
0.39

0.16
0.16
0.07
0.20
0.00
0.02
0.41
0.13
1.41
0.52

0.34
0.05
-0.37
-0.05

0.32
0.02
-0.37
-0.01

0.29
0.10
-0.31
-0.09

0.30
0.10
-0.30
-0.13

0.40
0.04
-0.43
-0.03

**

0.28 *
0.02
-0.29 *
-0.03
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Species richness was not correlated to the first PC, but to the second and third PC
(rs=0.21, n=584, p'<0.02 and 7-3=0.20, n=584, p'<0.02, respectively). Hence, species
richness appeared to be positively influenced by variables linked to cover of tall
vegetation in the field layer and structural heterogeneity, but not by forest continuity as
such.
Abundance of C. glareolus in relation to forest attributes
The total number of C. glareolus caught per trapping site over the entire study period
differed between the age classes (H6, 588=12.66, p<0.05) (Fig. 5). Age and site specific
comparisons also revealed that trapping sites located in the 0-5 and 21-30 years old
forests had higher total abundances than trapping sites in the adjacent mature forests. In
contrast, the 11-20 years old forests had a lower total abundance than the adjacent
controls (Table 4).

Abundance

5.0

4.0
3.0
2.0

0-5 6-10 11-20 21-30 31-40 41-50 >100
Forest age (years)
Fig. 5. Number of C. glareolus caught per trapping site in 1998-2000 in relation to
forest age. Mean values ± two SE are given. For n see material and methods.
The total abundance of C. glareolus was positively correlated to the second and third
PC (rs=0.23, n=584, p'<0.02, and rs=0.28, n=584, p'<0.02, respectively), but not to the
first PC. Thus, like species richness, the overall abundance of C. glareolus in this type
of forests appeared to be positively affected by cover of tall vegetation in the field layer
and structural heterogeneity, but not by forest continuity.
Although there was a rather clear pattern in the overall abundances of C. glareolus in
relation to the studied forest attributes, the various functional categories differed in this
respect, both between categories and years (Table 4).
Our analyses of the abundances of overwintered breeders in early summer 1998-00
showed no consistent pattern in relation to forest age (Fig. 6). However, in 1998 when
densities in early summer were extremely high, this category was found more frequently
in young forest stands (0-10 yr) than in the older ones (H6, 588=19.85, p<0.01). Age and
site specific comparisons also indicated lower abundances of overwintered breeders in
forests that were 11-20 years old than in the adjacent mature forests (Table 4).
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The occurrence of year-born breeders trapped in early summers were similar to those of
overwintered breeders, and at high abundances as in 1998, they also were most
abundant in the youngest forest age class (Fig. 6). Age and site-specific comparisons
also suggested that year-born breeders in early summer 2000 were more abundant in the
youngest forest age class compared to adjacent mature forests (Table 4). In early
summer 1999 we trapped only a few year-born breeders and they were all found in the
forest age classes of 41-50 and >100 years old. Among the adults trapped in autumns
i.e., reproductive/post-reproductive individuals, we found no differences in the
abundance with respect to forest age class (Fig 6). In contrast, there were higher
abundances of subadults in the young forest age classes compared to controls both in
autumn 1998 and 1999 (Fig. 6, Table 4).
Stepwise logistic regressions on the extracted PCs explained with high accuracy the
occurrence of functional categories at trapping sites. The occurrence of overwintered
individuals that had survived the winters (OWBR) was at high abundance, as in 1998,
positively influenced by tall vegetation in the field layer (PC 2) and by structural
heterogeneity (PC 3), but negatively influenced by factors related to forest continuity
(PC 1) (Table 5). At low abundance (1999) PC 2 and at intermediate abundance (2000)
PC 3 positively influenced the occurrence of overwintered breeders. Cover of tall
vegetation in the field layer (PC 2) was in all years the most important factor to explain
the occurrence of year-born breeding individuals (YBBR).
Table 5. Stepwise logistic regressions on the occurrence (present/absent) of each
functional category of C. glareolus during the trapping session in 1998-2000. Numbers
in parentheses represent the number of trapping sites at which a functional category was
trapped. N=588. See Fig. 6 for abbreviations.
Functional category i(df=3)
Early summer
OWBR
1998 (92)
1999 (27)
2000 (58)
YBBR
1998 (94)
1999 (3)
2000 (33)
Autumn
ADUL
1998 (168)

31.0 ***

Classification
(To correct)

Factor

Estimate

84.2

-0.227
0.413
0.430
0.481
0.621

3.9
13.0
13.5
5.4
18.2

Wald' s

10.8 *
19.9 ***

95.4
90.0

PC 1
PC 2
PC 3
PC 2
PC 3

14.3 **
5.1 ns
11.8 **

83.9

PC 2

0.381

11.0

***

94.3

PC 2

0.522

8.2

**

20.3 ***

71.6

PC 2
PC 3
PC 3

0.246
0.329
0.427

7.0
12.2
5.2

**
***
*

PC 2
PC 3
PC 2
PC 3

0.207
0.380
0.429
0.485

4.7
15.7
14.9
18.1

1999 (30)
SUBA
1998 (409)

8.6 *

94.9

22.8 ***

69.5

1999 (104)

35.1 ***

82.4
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0.8
0.6
0.4
0.2
0.0
0.8

0.6
0.4

Total abundance

0.2
0.0
0.8
0.6
0.4
0.2
0.0
3.0

2.0

1.0

0.0

0-5 6-10 11-20 21-30 31-40 41-50 >100
Forest age (years)

Fig. 6. Number of C. glareolus of different functional categories caught per trapping
site in 1998-2000 in relation to forest age in 1998 (111), 1999 (A) and 2000 (M). Mean
values ± two SE are given. Overwintered (OWBR) and year-born breeders (YBBR) in
early summer, and reproductive/postreproductive (ADUL) and subadult (SUB A)
individuals in autumn, respectively. For n see material and methods.
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Structural heterogeneity (PC 3) positively influenced the occurrence of adult
(reproductive/post-reproductive) C. glareolus individuals trapped in autumns. At high
abundances (1998) also cover of tall vegetation in the field layer (PC 2) was important
for the occurrence of this category. Among subadult C. glareolus trapped in autumns,
both the cover of tall vegetation in the field layer (PC 2) and structural heterogeneity
(PC 3) positively influenced capture probabilities (Table 5).
The estimates of the PCs in the logistic regression models were higher in 1999 and
2000 than in 1998 and in general higher in early summers than in autumns (Table 5).
Thus, habitat preferences appeared to be more pronounced at low/intermediate
abundances than at high abundances and more pronounced in early summers than in
autumns.
Seasonal variation in the abundances of C. glareolus
The increase in the abundance of C. glareolus during summer was higher in 1998 than
in 1999 (Fig. 7). In contrast, survival during winter was generally lower in winter
1998/99 than in winter 1999/00. Thus, the high increase in the abundance of C.
glareolus during summer 1998 was followed by poor survival during winter, whereas
the low increase during summer 1999 was followed by a relatively high survival during
the following winter.

0.4
0.2

Rate of change

0.0
-0.2
-0.4

0.4
0.2
0.0
-0.2
-0.4
0-5 6-10 11-20 21-30 31-40 41-50 >100
Forest age (years)

Fig. 7. Rate of change of C. glareolus per trapping site in relation to forest age. During

summer (A) 1998 (0) and 1999 (A), and during winter (B) 1998/99 (411) and 1999/2000
(A). Mean values ± two SE are given. For n see material and methods.
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The rate of change in C. glareolus from autumn 1998 to early summer 1999, i.e.
survival during winter, differed between the forest age classes (H6, 588=17.03, p<0.01)
(Fig. 7). Survival of C. glareolus during both winter 1998/99 and winter 1999/00 was
higher in the mature forests compared to the adjacent 0-5 years old forests (Table 4).
The same pattern was observed in the 21-30 years old forests compared to the adjacent
mature forests during winter 1998/99 (Table 4). In contrast, the increase of the
abundances of C. glareolus during summer 1998 was higher in the 21-30 years old
forests than in the adjacent mature forests and during summer 1999 higher in the 0-10
years old forests compared to their controls (Table 4).
In summer 1998 structural heterogeneity (PC 3), and in summer 1999, both the cover of
tall vegetation in the field layer (PC 2) and the third PC were positively correlated to
the rate of change in C. glareolus (Table 6). In contrast, during both winter 1998/99 and
1999/00 the rate of change was negatively correlated to the second and to the third PC,
respectively (Table 6). Thus, the rate of increase during summers seemed to be
positively influenced by the cover of tall vegetation in the field layer and by structural
heterogeneity. In contrast, trapping sites with high scores on these factors seemed to
have poor survival during winters. Winter survival was not related to forest continuity.
However, survival during winter 1998/99 and 1999/00 was higher in the mature forests
compared to the adjacent forests 0-5 years old (Table 4). Thus, old forests appeared to
be important refuges for C. glareolus during winter.
Table 7. Relationship (re) between the rate of change of C. glareolus in different years
and seasons and the scores of the three principal components. P'<0.02 (*) according to
the Bonferroni corrections. N=588.
Principal component
1

Year and season
Summer
1998
1999
Winter
1998
1999

2

3

-0.034
-0.059

0.083
0.152 *

0.160 *
0.164 *

0.087
0.038

-0.125 *
-0.161 *

-0.222 *
-0.066

Discussion
Our study revealed a higher species richness of small mammals in the youngest forest
age class (0-5 yr) and a tendency for higher species richness in the age class 6-10 yr,
compared to mature control forests. In contrast, species richness was lower in forest
stands that were between 11-20 years old. This result is similar to that of Sullivan et al.
(1999) as they also found an increase in species richness 9-10 years after clearcutting
followed by a decline in species richness after 11 years. We also found that species
richness was positively influenced by habitat variables related to the cover of tall
vegetation in the field layer (PC 2) and to structural heterogeneity on trapping sites
(PC 3). Heterogeneous environments are generally proposed to enhance species
richness (e.g. Kerr and Packer 1997) and indeed, the youngest forests stands (0-5 yr)
were far more heterogeneous, as implied by PC 3, compared to all other types of forests
Frauke Ecke, Ola Löfgren and Dieke Sörlin

Population dynamics of small mammals in relation to forest age and structural habitat factors

17
investigated in this study. Also, the cover of tall vegetation in the field layer was on
average much higher in the youngest forest age class. Both these characteristics should
contribute to provide shelter and indirectly also food for small mammals in general
(Hansson 1978, Cockburn and Lidicker 1983, Adler 1985, Harmon et al. 1986, Batzli
and L,esieutre 1995, Morris 1997). Thus, it seems plausible that species richness of
small mammals may initially be promoted by clearcutting, especially when the process
contributes to increased structural heterogeneity and to increased cover of tall
vegetation of the forest floor.

C. glareolus is generally known to be a forest dwelling species, but may also occur in
open habitats (e.g. Hansson 1969, 1978, Henttonen and Hansson 1984). Our study
suggests C. glareolus to have rather general habitat requirements, and we found this
species on all study sites, and in both open and closed forest habitats. However, the
occurrence of C. glareolus was dependent on habitat characteristics, as well as on
population abundance. With respect to forest age, the overall abundances of C.
glareolus were highest in the youngest forests (0-5 years old). This result is not
consistent with the studies suggesting that C. glareolus is more common in forests than
on clearcuts and reforestations in northern Sweden (e.g. Hansson 1978, 1999).
However, as with species richness, our study suggested that cover of tall vegetation in
the field layer (PC 2) and structural heterogeneity on trapping sites (PC 3) positively
influenced the overall abundances of C. glareolus. Since the scores of these factors
were higher in the youngest forest age class compared to most other forests and the
controls, these forests should indeed have the highest overall abundances of C.
glareolus.
The high overall abundance of C. glareolus in the youngest forests in the present study
was mainly due to very high abundances of subadults in autumns. High abundances of
subadults were also closely linked to a high rate of change during summers. In contrast,
survival during winter in young forests was rather poor and the abundances of
overwintered breeders in the following summer were not higher than in adjacent mature
forests. However, year-born breeders in early summer were both at high and
intermediate, but not at low abundances, very common in young forests. Reproductive
females of C. glareolus are territorial and they need exclusive space to breed (e.g.
Bujalska 1985, Löfgren 1995). Hence, the observed pattern may be explained with a
source-sink scenario where young individuals, primarily born in old forest stands in
early summer, immigrate into younger forests to breed, but where the probabilities for
winter survival are poor. A similar mechanism was also suggested by Hansson (1999),
who proposed that reforestations may act as sinks for surplus individuals of C.
glareolus produced in old forests. With respect to the occurrence of individuals that had
survived winter (OWBR), the cover of tall vegetation in the field layer (PC 2) and
structural heterogeneity (PC 3) appeared to be important both during high and low
abundances. Most likely, this result simply reflects the fact that there were very high
abundances of subadults in this type of habitats in the preceding autumns. The cover of
tall vegetation in the field layer (PC 2) was the only factor that positively influenced the
occurrence of year-born breeders, whereas both this factor and structural heterogeneity
(PC 3) were important to explain the occurrence of adults and subadults in autumns. In none
of the categories we found positive relations to forest continuity. Therefore, it seems likely
that forest age as such is not important for the overall distribution of this species. However,
old forests are most likely important refuges for survival during winters, and we found
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winter survival in our control forests to be higher than in the adjacent young forests (05 years old).
Despite the differences in several of the 14 habitat variables between the forests 31-50
years old and their controls, there were no pronounced differences with respect to the
cover of tall vegetation in the field layer and structural heterogeneity in the forest floor.
This may explain why there were neither differences in species richness, nor in the
abundance and rate of change of C. glareolus between the forests 31-50 years old and
the adjacent mature forests. Hence, it seems plausible that conditions for C. glareolus
and for small mammals in general were similar between these age classes and their
controls. For instance, the quality of some habitat variables like CWD and FWD might,
despite quantitative differences, be similar in these age classes to the quality in the
controls. During the 31-50 years since these clearcuts were created, woody debris
should at least be partly decayed (see e.g. Harmon et al. 1986) and provide
approximately as much cover and food (by e.g. fungi and invertebrates) as the woody
debris in the mature forests. The abundance of C. glareolus has previously been shown
to be positively correlated to the cover of FWD, CWD and umbrella vegetation (Ecke in
press).
To conclude, this study demonstrates that species richness, abundance and population
dynamics of a forest living species like C. glareolus, to a great extent were influenced
by structural habitat variables that are altered by common forest management practices
in northern Sweden. Clearcutting of boreal forests may e.g. increase the overall habitat
heterogeneity and the cover of tall vegetation in the field layer. Both these factors are
likely to promote reproduction and/or survival of small mammals during summers by
increased food and shelter. However, these factors appeared to be less important for C.
glareolus during winters, since survival was poor on clearcuts compared to old forests
in this study. As a consequence, the numerical fluctuations of C. glareolus might be
higher in young reforestations compared to middle-aged and old forests. Such a
scenario is in line with the hypothesis of Van Home (1983) which suggests that lowquality habitats may support high densities, but are mainly occupied by immigrants,
whereas high-quality habitats may have lower, but less fluctuating densities of small
mammals. If so, population fluctuations of a habitat generalist like C. glareolus, should
be greater in a landscape were the proportion of young forests is high compared to a
landscape were middle aged and old forests dominate. Therefore, future studies should
focus on the effects of forest management practices on different spatial scales and
consider the existing mosaic of suitable small mammal habitats.
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