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Abstract
HLOSKA, L., SANIGA, M., CHOVANCOVA, G., CHOVANCOVA, B., HOMOLOVA, Z., 2022. Temporal and spatial
changes in small mammal communities in a disturbed mountain forest. Folia Oecologica, 49 (1): 9-22.

In 2005-2016, we investigated a secondary succession of small mammal communities in forest ecosystems
in High Tatras (Slovakia) disturbed by windstorm and fire. This long-term ecological study confirmed the
occurrence of significant temporal and spatial changes in species composition and number of dominant small
mammal species. A comparison between disturbed and undisturbed plots indicated notable differences in
species richness and abundance. The gradations of dominant small mammal species in disturbed habitats
were asynchronous and showed a wider range of amplitude than in the undisturbed plots. An analysis of the
temporal and spatial changes in the structure of small mammal communities in relation to selected environ-
mental gradients confirmed the statistically significant effect of secondary succession on species composition,
abundance, and exchange in forest ecosystems in the High Tatra Mountains following a disturbance.
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Introduction

In recent decades, forest disturbance regimes have
intensified in many parts of the world (CHAPIN et al., 2000;
SCHELHAAS et al., 2003; BALsHI et al., 2007; GARDINER et
al., 2010). Large wildfires in western North America, for
instance, occurred nearly four times as often in 1987-2003
as in 1970-1986 (WESTERLING et al., 2006), and damage
from bark beetles reached unprecedented levels (MEDDENS
et al., 2012). A similar trend is evident in wildfires,
windthrows and bark beetles in Europe (SCHELHAAS et al.,
2003; SEL et al., 2014). This trend is likely to continue
in the future, as a result of the changes in climate that
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are expected to unfold over the coming decades (SEIDL
et al.,, 2011; Li et al., 2013; Reichstein et al., 2013;
TEMPERLI et al., 2013; SEIDL et al., 2014). In many areas,
changes in the disturbance regime (i.e., in the distinctive
type, size, severity and frequency of disturbances over
extended spatio-temporal scales) are expected to be
among the most severe climate change impacts on forest
ecosystems (LINDNER et al., 2010; TURNER, 2010). In
general, disturbances are important natural drivers of
forest ecosystem dynamics (FRANKLIN et al., 2002) and
strongly modulate the structure and functioning of forest
ecosystems (TURNER, 2010).
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Intensive storms and whirlwinds are becoming more
frequent in Central Europe and their negative impact on
forest ecosystems and the carbon balance is growing.
Estimates suggest up to a 2% decrease in forest carbon
stocks per year (GARDINER et al., 2010). These authors
consider the increasing temperature and precipitation to
be critical factors damaging forest ecosystems. In general,
global warming and weather extremes induce geographic
changes in the species composition and structure of forest
communities (e.g. CHAPIN et al., 2000). Based on the
results of a comprehensive analysis of published data on
disturbed forest ecosystems in Europe, SHEALHAAS et.
al (2003) stated that for the period 1950-2000, storms
accounted for 53%, 16% for forest fires, 3% for snow and
5% for other abiotic factors. According to these authors,
biotic factors accounted for 15% of forest damage and 7%
of disturbances were caused by the combined action of
several factors.

Several studies have addressed the issue of the effect of
natural and anthropogenic disturbances on the subsequent
succession of small mammal communities in the forest
ecosystems of Scandinavia, Eastern and Central Europe.
In Scandinavia (southeastern Norway), changes in the
structure and population dynamics of small mammals
induced by anthropogenic disturbances in the country
were addressed by a study by PanzaccHI et al. (2010).
The analysis of the data obtained by them confirmed the
significant influence of selected vegetation variables on the
patterns of species groups of small mammals. BALCIAUSKAS
et al. (2017) studied how early forest succession affects
species composition, diversity, abundance and biomass
of small mammals. They compared small mammal
communities in habitats at different successional stages.
They recorded the highest species diversity in the meadow
community, the lower in the young forest and the lowest
in the adult forest stage, while the terminal habitat was the
most monodominant.

In the conditions of Central Europe, several authors
have investigated the responses of small mammals to
natural and anthropogenic disturbances, succession and
productivity of forest ecosystems (wind disaster, fires,
logging, vegetation succession, climate change, the
impact of snow cover, etc.). E.g. in forest communities
in the territory of north-eastern Poland NIEDZIALKOWSKA
et al. (2010), in the Czech Republic ZARYBNICKA et al.
(2017) and in Slovakia (High Tatras) HLOSKA et al. (2016).
Quantitative and qualitative meta-analysis of available
data on the responses of small mammal communities to
different disturbance regimes in the temporal and boreal
forests of Europe was performed by BoGpziewicz and
ZwoLAK (2014). The meta-analysis of the data performed
by these authors confirmed the positive influence of
the initial and middle successive stages of the forest
on the abundance of small mammals. In general, the
anthropogenic destruction of natural habitats conditions
the distribution of invasive and generalist species of
small mammals, which become dominant in the disturbed
country. On the contrary, spontaneous succession and
regeneration of forest ecosystems, leading to natural
habitats, conditions the occurrence and survival of
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specialized taxa, demanding greater temporal and spatial
heterogeneity of habitats and resources (eg UMETSU and
PArDINI, 2007).

Small mammal communities found in Tatra mountains
are spatially diversified (HANZAK and Rosicky, 1949;
Kowarski, 1957, 1960; KrarochviL, 1968; 1970;
KratocuviL and PELIKAN, 1955; PELIKAN, 1955;
StoLLmANN and DupicH, 1985) and local species structure
depens on productivity, age, forest type (KrRaTOCHVIL and
GAISLER, 1967). But is not clear how these communities
change following disturbances like fires or windthrows,
and during following successional stages, after the
disturbance.

In the recent past, forest ecosystems in the Tatra
National Park (TANAP) have been exposed to natural
disturbances: in November 2004, this area saw a
windstorm and a fire in 2005. As a result, large areas
impacted by wind and fire of more than 120 km? occurred
in the montane and supramontane zones. This area and its
windthrows and windbreaks serve as a valuable model area
where we could perform long-term observations of post-
disturbance changes in the populations and communities
of small mammals in natural conditions. Secondary
succession and related increases in habitat complexity
have provided us with unique background conditions to
study the responses of particular small mammal species to
changes in selected habitat characteristics that are unique
for disturbed mountain forests in Central Europe.

In this study, we implemented a long-term ecological
study of post-disturbance succession changes in small
mammal communities in forest ecosystems in the High
Tatra Mountains. We identified little-known predictors of
continuous temporal and spatial changes in the distribution
and structure of small mammal communities following
extensive disturbance in forest ecosystems.

Based on previous study we hypothesize that species
preferring open and semi-open habitats will increase
in number after the disturbance but their abundance
will decrease in number with the advancement of forest
succession. Based on the analysis of data from long-term
research conducted in the period 2005-2016, we tried
to verify hypotheses (i) about species-specific responses
of mammals to increasing habitat heterogeneity during
secondary succession of vegetation cover after disturbance
and (ii) different effects of selected environmental
variables (succession changes species diversity of plant
communities, vegetation cover) and abundance and
species richness of small mammals in disturbed and non-
disturbed forest communities.

Materials and methods
Study site

The study was conducted in the north part of Slovakia
(Central Europe), in the territory of the Tatra National
Park (High Tatras). The study area was located from 925
to 1,260 m above sea level (49°08°17”N, 20°13°05”E).
The research was carried out in the area of the High



Tatra Range in following six localities and seven research
plots (Fig. 1):

Disturbed areas — forest ecosystems after wind calamity
in 2004:

“OVL” (Oliverov vodny les) and Tatranskd Lomnica,
forest stands affected by wind calamity (2004) and with
water measures applied. Successional changes in species
richness and cover after disturbance in 2004 were identical
as in the CVL area. Destruction of the tree layer, reduction
of the shrub layer, secondary succession of the herbaceous
layer in the sparsely stocked stand. Forestry management:
removal of wood, artificial regeneration, mowing around
seedlings and reduction of pioneer trees. The variation
ranges of cover (p) and number of plant species (NPS)
changed during the years 2005-2016 as follows: p E, (tree
layer) = 3-5%, NPS E, = 0-3; p E, (shrub layer) = 12—
32%, NPS E, = 1-6; p E, (herbaceous layer) = 20-86%,
NPS E, = 5-11.

“NEX” (Jamy), forest stands affected by wind calamity in
2004, no management intervention (no salvaging of wind-
thrown and broken trees, no reforestation) Spontaneous
secondary succession of forest phytocenoses in ecological
niches released after disturbance. Before the wind disaster,
there was a forest community belonging to the group of
forest types Lariceto-Piceetum. After disturbance in the
years 2005-2016, cover and number of plant species in
individual stages varied in the following ranges: p E, =
0-20%, NPS E,= 1-5; p E,=4-20%, NPSE, = 1-5; pE =
68-45%, IV\IPS E =8-14.

“CVL” (Cierny vodny les) and Novy Smokovec, forest
stands affected by wind calamity (2004) and with water-
holding measures applied. The physiognomy of the plant
community was similar to the phytocenoses of the initial
stages of secondary succession in the EXT and FIRE
areas one year after disturbance (2005). Destruction of
the tree layer, reduction of the shrub layer and secondary
succession of the herbaceous layer in the sparsely stocked

stand. Forestry management: removal of timber, artificial
regeneration. Spontaneous development of a shrub layer
(pioneer trees).The variation range of cover and number of
plant species in the years 2005-2016 changed as follows:
p E;=1-5%, NPS E,= 0-3; p E,= 3-12%, NPS E, = 1-6;
p E,=20-88%, NPS E = 5-20.

“EXT” (Danielov dom), forest stands affected by wind
calamity in 2004, treated with applying common forestry
measures (wood mass removed, plot partly reforested).
Destruction of the tree layer, reduction of the shrub layer
and secondary succession of the herbaceous layer in the
sparsely stocked stand. Forestry management: removal of
wood, artificial regeneration, mowing around seedlings
and reduction of pioneer trees. The values of cover and
species richness of vegetation layers in the years 2005—
2016 oscillated in the ranges: p E, = 3-5%, NPS E, = 1-2;
p E,= 3-10%, NPS E,= 3-4; p E, = 18-45%, NPS E =
12-15.

Disturbed areas — forest ecosystems after wind calamity
in 2004 and forest fire in 2005:

“FIR1A” and “FIR3A” (Tatranské Zruby), plots in
forest stands affected by wind calamity (2004) and later
by fire (2005). Total destruction of vegetation (fire) and
secondary succession of the herbaceous layer in the
sparsely stocked stand. Forestry management: removal of
wood, artificial regeneration, mowing around seedlings
and reduction of pioneer trees. In the time interval 2005—
2016, the percentage of cover and plant species richness of
individual levels changed as follows: p E,= 0-5%, NPS E,
=0-3; p E,= 3-32%, NPS E,= 1-6; p E = 2-80%, NPS
E =5-18.

Undisturbed areas — forest ecosystems without distur-
bances:

“REF” (Smrekovec), intact stands, the reference (control)
plot. Species of undisturbed forest phytocenosis (group of
forest types Lariceto-Piceetum). Adult forest stand aged

Fig. 1. Spatial distribution of permanent research areas in the studied area. The description of the permanent study plots and
their classification according to the disturbance regime are given below.
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80-100 years. Forest phytocenosis differs significantly
from other disturbed areas by both spatial structure and
species composition. The values of cover and species
richness of vegetation layers in the years 2005-2016
oscillated in the ranges: p E,= 49-63%, NPS E, = 1-2; p
E,=4-20%, NPSE =2;p E = 68-55%, NPS E = 15-16.

Small mammal sampling

We applied the capture-mark-recapture method to sample
small mammals. On each of the seven research areas
there was focused and marked in the field study quadrat
75 x 75 m and it was divided into a grid of 15 x 15 m
squares. In the angles of this grid, trapping points (36 per
quadrat) were localized and visibly marked to ensure that
every recapture, even after a long period of time, would
be performed at the same place in the field. For trapping,
36 Sherman live traps were set for 4 days and 3 nights in
this area. The catch effort for the whole research period
(2005-2016) corresponds to the value of 2,532 nights
and traps. We captured small mammals in the field on all
experimental quadrates (n = 7) simultaneously or with
a three-day time shift, with one capture series lasting 1
week. In this way we eliminated the time variability of
the obtained samples. In the given year, we repeated the
catches twice (in the spring and autumn period). During
the research period 2005-2016 we realized 24 such
capture series in the surveyed area. We baited the traps
with a mixture of walnuts, canned sardines, oat flakes,
and fly pupae of the order Diptera. We countered traps
at least twice a day. We determined the species, age and
sex of the captured individuals, and we weighed them
using the PESOLA spring scale, with an accuracy of 0.5 g.
Finally, we marked them with ear tags that featured a
unique numeric code. Marked individuals were released
at the trapping point. At every study plot we estimated
the relative number of small mammals as the minimum
number known alive (Brauvais and BUSKIRK, 1999).
MNA is defined as the number individuals caught in a
capture session, plus those that were not caught at that
time but were caught both previously and subsequently
(KREBs, 1966).

Vegetation sampling

Vegetation sampling was performed repeatedly during
the growing season (May to July) at the same points,
located in the angles of the internal mesh in the permanent
research plots (36 points per quadrat). It was carried out
in circles with a radius of 2 m and centres identical with
the places where live traps were set during trapping. On
each of the circular sampling plots, a complete species
inventory of plants, their heights and the estimated
coverage on individual vegetation layers was performed.
A repeated vegetation sampling was performed after the
minimum interval of 1 year (a total of 7 images at 252
circular imaging points during the research period 2005—
2016) to give us a more complete view of temporal and
spatial changes in the structure of plant communities
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for particular stages of secondary succession in forest
communities impacted by a disturbance.

Statistical analyses

To eliminate pseudoreplication and the effects of repeated
catches on behavioural responses (SANCHEZ-GONZALES et
al., 2017), habit selection, or reactions of already captured
individuals on studied habitat characteristics, we only used
data on 1 x captured individuals in the statistical analyses.

To test for differences in the abundance and species
richness of small mammals between disturbed and non-
disturbed experimental plots during the 2006-2016
research period, we used a generalized linear models
(GLM). We included 1,629 data records with values of
selected quantitative and categorical variables in the
analyzes. The variable explained was either the abundance
of small mammals, then we used GLM with Poisson error
distribution, or the species richness of small mammals,
and in this case we applied GLM with negative binomial
distribution. Predictors in these models were time data
(years) in relation to the degree and type of habitat
disturbance.

We applied a linear discriminant analysis (LDA) to
determine which vegetation variables had effects on the
species composition or spatial structure of habitats with
different types and intensities of disturbance. We included
objects (7 areas) coded according to the intensity of
disturbances on the given area in the prediction model (k
= 3; 1 = disturbed forest ecosystems after wind calamity
in 2004; 2 = forest ecosystems without disturbances; 3 =
disturbed forest ecosystems after wind calamity in 2004
and forest fire in 2005). We investigated the influence of
6 discriminators — quantitative data on vegetation cover
(3 discriminators) and data on species diversity of plant
communities (3 discriminators) — measured in individual
years (vegetation seasons) of the research period
2005-2016 (n = 1,512; 84 measurements). To assess the
statistical significance of selected discriminators for the
classification of areas into disturbance classes, we used
Wilk*s criterion A and F-test (e.g. ZUUR et al., 2007). When
classifying objects, we used canonical correlation analysis
(e.g. MELOUN et al., 2017).

Statistical analyses were performed using NCSS 9.0.22
statistical software (NCSS 9 Statistical Software 2013).
Furthermore, in the environment of the CANOCO 5.12
program (SMILAUER and LEPS, 2014) we tested the spatio-
temporal changes in species composition, distribution
and abundance of small mammals induced by secondary
succession of plant communities after disturbance of forest
habitats (whirlwind, forest fire). In the test model, the
species variables represented by the relative abundance of
each small mammal species were presented as the response
variables. The explanatory variables in this model were
successive changes of species composition and horizontal
structure of vegetation (cover of vegetation layers). We
used the direct gradient analysis (RDA) method to test
the statistical significance of the impact of the above-
mentioned explanatory variables on changes in the spatio-
temporal structure of small mammalian communities.



The responses of selected species of small mammals
to successive changes in the structure of the vegetation
profile were tested using regression models (in the specific
case we used generalized linear models — GLM) (SMILAUER
and LEpS, 2014).

Results
Small mammal community structure

In 2005-2016, we trapped and measured 1,305 individuals
from 14 small mammal species (Table 1).

Throughout this whole research period, five species
typical for all succession stages and areas occurred
regularly both on disturbed (OVL, NEX, CVL, FIRIA,
FIR3A, EXT) and undisturbed plots (REF); Clethrionomys
glareolus, Sorex araneus, Apodemus flavicollis, Microtus
agrestis and Sorex minutus. The species richness of small
mammals in the particular study plots ranged from five to
eight species. The lowest species richness (five species)
was recorded in the reference plot in adult forest stands
(REF), and the highest (eight species) was measured in
the disturbed areas in late stages of secondary succession
(OVL, CVL).

Temporal changes in community structure

The ecarly stages of secondary succession were
characterized by an increase in abundance of the small
mammal communities in the first 4 years after disturbance,
culminating in 2009 (n = 249 individuals). In late
succession stages (2010-2016), the abundance of small

mammals decreased, reaching minimum values in 2014
(14 individuals). The fluctuation curve expressing the
abundance of small mammal communities in disturbed
areas showed wide amplitude, while it was narrow in the
undisturbed habitats (Fig. 2). The differences between the
communities in the disturbed and undisturbed areas were
significant (GLM with Negative binomial: ’,, = 35.511;
P = 0.034). The early succession stages in disturbed
habitats showed greater variation in species richness
than the undisturbed ones, averaging higher in the first 9
years following the disturbance (GLM with Poisson error
distribution: y’, = 72.658; P<0.001). In the late succession
stages, the species richness of small mammals declined
until it stabilized at the level reported in communities
living in undisturbed habitats (Fig. 3).

Thetemporal differences in species composition of small
mammal communities are presented in the dendrogram in
Fig. 4. The communities of small mammals in disturbed
areas showed the highest similarity in the initial stages of
secondary succession (in 2005-2010). These communities
had a specific species composition, which differed
significantly from the communities in the middle stages
of development (2008-2013). We recorded the highest
degree of dissimilarity in the later stages of succession
(2014-2016). The communities of early succession stages
just after disturbance formed 8 species of small mammals
(Fig. 5). Species typical only for early succession stages
were 2 (in parentheses after the binary name of the species
we indicate the frequency of its occurrence): Apodemus
sylvaticus (33.3%) and Neomys anomalus (16.7%). In the
communities of the initial successive stage, the following
species also occurred: C. glareolus (100.0%), M. agrestis
(100.0%), S. araneus (83.3%), A. flavicollis (83.3%),

Table 1. Number and dominance of small mammals on particular study plots in 2005-2016

Species / Study plot OVL NEX CVL FIR1A FIR3A EXT REF
(%) (%) (%) (%) (%) (0%)  (0%)
Apodemus agrarius 0.0 2.7 0.0 0.0 0.0 0.0 0.0
Apodemus flavicollis 10.6 7.1 17.6 259 13.8 10.8 8.7
Apodemus sylvaticus 0.0 0.0 0.0 0.9 0.0 0.5 0.0
Arvicola amphibius 0.9 0.0 0.5 0.0 0.0 0.0 0.0
Clethrionomys glareolus 46.1 71.2 472 31.9 58.1 41.1 84.7
Micromys minutus 0.0 1.1 0.0 0.0 0.6 0.0 0.0
Microtus agrestis 8.8 2.7 7.3 8.3 8.8 119 0.7
Microtus arvalis 0.0 0.0 0.5 0.0 1.3 0.0 0.0
Muscardinus avellanarius 0.0 0.0 0.0 2.3 0.0 0.0 0.0
Neomys anomalus 0.5 0.0 0.0 0.0 0.0 0.0 0.0
Neomys fodiens 1.4 0.0 2.1 0.0 0.0 0.0 0.0
Sicista betulina 0.0 0.0 0.0 0.0 0.0 0.5 0.0
Sorex araneus 28.6 13.0 20.7 29.2 15.0 31.9 53
Sorex minutus 32 2.2 42 1.4 2.5 32 0.7
Number of individuals (n) 217 184 193 216 160 185 150
Number of species 8 7 8 7 7 7 5

OVL: NEX, CVL, FIR1A, FIR3A, EXT, disturbed plots; REF: reference plot, undisturbed.
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Fig. 2. Temporal changes in abundance of small mammals in relation to disturbance in forest ecosystems, n = 1,629.
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Fig. 3. Temporal changes in species richness of small mammals in relation to disturbance in forest ecosystems.
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S. minutus (33.2%) and Neomys fodiens (16.7%). In the
middle phase of post-disturbance development (2008—
2013), we recorded an increase in species richness in small
mammal communities (from 8 to 11 species). Specific
for this succession stage were the following species;
Muscardinus  avellanarius (50.0%), Microtus arvalis
(33.3%), Sicista betulina (16.7%) and Arvicola amphibius
(16.7%) In the later successive stage (2014-2016) there

2.0

was a decrease in species richness (from 11 to 6 species).
Only in this succession phase we recorded the occurrence of
Apodemus agrarius (33.3%). The frequency of occurrence
of other species in samples from the given time interval
was as follows: S. araneus (33.3%), S. minutus (33.3%), A.
flavicollis (19.0%), M. minutus (16.7%) and C. glareolus
(14.0 %).
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-
o
1

0.5

0.0

2005-2007
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Fig. 4. Dendrogram showing similarities of temporal changes in composition of small mammal species following a disturbance

in forest ecosystems during the study period 2005-2016.
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Fig. 5. Block diagram showing the occurrence of individual species of small mammals in different successive phases of
disturbed habitats (2005-2016, n = 1,171). Grey boxes = presence; empty fields = absence of the given species of small

mammal in the succession series.
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Impact of plant secondary succession

We used linear discriminant analysis (LDA) to test the
influence of the type and intensity of disturbance on the
species composition and dynamics of successive changes
in vegetation. The objects (dependent variables) of the
analysis were research areas (n = 7) classified into one of
3 classes of disturbance regime with different intensity of
disturbances; 1 — disturbed forest ecosystems after wind
calamity in 2004 (OVL, NEX, CVL and EXT); 2 — forest
ecosystems without disturbances (REF); 3 — disturbed
forest ecosystems after wind calamity in 2004 and forest
fire in 2005 (FIR1A and FIR3A). The independent
variables (discriminators) used to classify objects in our
discriminant model were quantitative data on the cover
and species richness of individual vegetation layers in
individual years of research (6 discriminators; n = 1,512).
The effect of all 6 discriminators selected for classifying
areas into classes with different disturbance regimes
was significant (Table 2). The highest discriminant force
— expressed by the value of Wilk‘s criterion A — was
characterized by 3 discriminators (in descending order): p
E, (tree layer coverage), NPS E, (number of species in the
tree layer and p E, (herbaceous layer coverage).

Areas with disturbance mode 1 in comparison with
the reference area without disturbance (disturbance
mode 2) were characterized by higher average cover of
the herbaceous layer (p E,) and higher species richness
of the shrub layer (NPS E,), but lower average values
of cover of the shrub layer (p E,) and tree layer (p E,),
as well as lower average herb species richness (NPS E))
and tree layer (NPS E,). Areas with disturbance regime 3
with higher intensity and extent of disturbances had, with
the exception of higher cover of shrub layer (p E,), lower
values of species richness of vegetation layers (NPS E,
and NPS E,), as well as cover of herbaceous (p E,) and
tree layer (p E,) than the reference area and areas with
disturbance mode 2 (Table 2).

The graph of the linear discrimination score (Fig. 6)
discriminates between the reference area (REF) without

disturbances and disturbed areas with disturbance
categories 1 and 3. High tree layer cover on the reference
area, and at the same time higher succession age of the
forest community disturbed study plots. Disturbed areas
were characterized by higher herb cover (disturbance
mode 1) or shrub layer (dist. mode 3), higher species
diversity of the shrub layer and also lower species richness
of the herbaceous and tree layer of the vegetation profile.
Areas with initial and young successive stages of plant
communities are concentrated in the projection space
of the graph at the bottom left as overlapping clusters,
successively more progressively forming a separate cluster
of objects at the top right.

The results of the canonical correlation analysis (Table
3) showed that the 1* distribution function (successive
stage of the habitat) correlated most strongly with the
cover of the tree layer (p E;; B = 0.99), which grew in
direct proportion to the age of the trees. The 2™ distribution
function (cover and species richness of vegetation at the
site) correlated most closely with the cover of herbaceous
(p E;; B = 0.52) and shrub layer (p E2; B = —0.56) and
weaker with the species richness of shrub layer (NPS E;
B=0.22).

Changes in overall vegetation coverage led to species-
specific responses in sample populations of dominant
small mammals (Constrained RDA: pseudo-F =1.90;
P = 0.008; Fig. 7). In habitats after disturbance, we
recorded the highest growth rate of abundance in 2
ubiquitous rodent species (C. glareolus and A. flavicollis),
which were dominant in disturbed communities
throughout the research period (2005-2016). During the
secondary succession of vegetation, C. glareolus preferred
habitats with increasing tree cover (p E,) and moss cover
(p E,), while 4. flavicollis species positively increased its
abundance along the gradients of shrub layer species (NPS
E,) and cover herbaceous layer (p E,). The abundance
of S. araneus positively correlated with the gradient of
increasing species richness of the tree layer (NPS E,),
less so with the gradient of herbaceous cover (NPS E)).
S. minutus preferred habitats where during the succession

Table 2. Output of LDA analysis. Discriminators (coverage and species richness on vegetation layers) with a significant impact
on the succession in forest phytocoenosis and different disturbance regime

Discriminators Disturbance regime Wilks’ F-Value P-Prob
1 (x) 2 (x) 3 (x) Lambda
pEs 1.16 43.14 0.14 0.27 740.74 <0.001
p E2 6.39 2.14 40.09 0.67 132.35 <0.001
p E1 86.36 68.14 39.82 0.60 176.97 <0.001
NPS Es 0.11 1.14 0.00 0.44 338.57 <0.001
NPS E2 0.67 0.37 0.19 0.88 12.55 <0.001
NPS Ei 13.51 17.26 10.90 0.89 11.20 <0.001

Discriminators: p E,, tree layer coverage; p E,, shrub layer coverage; p E|, herbaceous layer coverage; NPS E,, number of species
in the tree layer; NPS E,, number of species in the shrub layer; NPS E , number of species in the herbaceous layer. Objects
(areas) divided into classes according to a different disturbance mode: 1 — disturbed forest ecosystems after wind calamity in
2004 (OVL, NEX, CVL and EXT); 2 — forest ecosystems without disturbances (REF); 3 — disturbed forest ecosystems after
wind calamity in 2004 and forest fire in 2005 (FIR1A and FIR3A); x = sampling average.
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Fig. 6. Graph Linear-Discriminant score 1 vs score 2 for 3 types of habitats classified according to the disturbance
regime: 1 —disturbed forest ecosystems after wind calamity in 2004 (OVL, NEX, CVL and EXT, ); 2 — forest ecosystems
without disturbances (REF); 3 — disturbed forest ecosystems after wind calamity in 2004 and forest fire in 2005 (FIR1A
and FIR3A) and 6 discriminators (see explanations to Table 2).

Table 3. Results of classification of research plots with different disturbation regime by canonical correlation analysis

using discriminant functions

coefficient DF DF Lambda
0.86 157.5 12 1,188 <0.001 0.148
2 065 87.2 5 595 <0.001 0.577

Fn, discriminant function (canonical root).

development the species diversity of the tree layer (PD
E,) and the herbaceous layer (NPS E,) increased. The
abundance of M. agrestis grew in direct proportion to the
species richness gradient of the herbaceous layer (NPS
E).

1 The abundance fluctuation curves of two dominant
small rodent species (C. glareolus and M. agrestis) (GLM:
F=140.4; P <0.001 and F = 12.5; P = 0.019) and one
dominant insectivore (S. araneus) were identical in shape
(GLM: F = 43.0; P = 0.002). Initially, the abundance of
these small mammals grew concurrently with increasing
vegetation coverage, but after an inflection point of higher
coverage (>80%), it showed a tendency to decrease. The
response of the insectivore S. minutus to post-disturbance
increases in vegetation coverage was not as significant
(GLM: F = 4.7; P = 0.090) as in the above-mentioned
species. The rodent 4. flavicollis responded to increasing
vegetation coverage during succession by declining in
abundance (GLM: F = 8.8; P =0.034) (Fig. 8).

The species-specific responses of small mammals
to gradually changing species richness in the individual
vegetation strata (Fig. 9) were similar for most of the
small mammal species studied. In early stages of plant
succession with moderate species richness, we observed
a slight decrease in the abundances of the following small
mammal species: S. araneus, M. agrestis, A. flavicollis
and S. minutus (GLM: F = 138.49; P = 0.019) (Fig.
6a). Toward the end of the monitoring period, when the
species richness of vegetation was higher, the abundance
of these species showed an upward trend. However, C.
glareolus responded with a slight growth in numbers to
a low number of plant species, with a further increase for
the initial and middle values of plant species richness and
a remarkable decline in the late succession stages, where
there were the highest numbers of plant species, for all
study communities in the same time and space (Fig. 10).
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Fig. 7. Ordination diagram showing the first two axes of redundancy analysis (RDA) data on habitat preferences of dominant
small mammalian species after disturbance. Species data: abundance of small mammals; environmental variables: data on
cover and species richness of vegetation profile (p E1 — cover of herbaceous layer; p E2 — cover of shrub layer; p E3 — cover
of tree layer; p EO — cover of moss layer; NPS E1 — number of species of herbaceous layer; NPS E2 — number of species
of shrub layer; NPS E3 — number of species of tree layer).
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Fig. 8. Species-specific responses of small mammals to temporal and spatial changes in total vegetation coverage following
a disturbance in 2007-2016.
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Fig. 9. Changes in species richness in vegetation layers during secondary succession in forest communities following
a disturbance in 2007-2016.
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Fig. 10. Species-specific responses of small mammals to temporal and spatial changes in plant species richness following
a disturbance in 2007-2016.
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Discussion

The abundance of small mammals reached the highest
level in disturbed habitats during the first years of
secondary succession: 4 years after a disturbance we
noticed a decrease in abundance, especially in small rodent
populations. An increase in abundance in the early stages
and a decline in late stages of succession development were
documented in three dominant species (4. flavicollis, C.
glareolus and S. araneus), opportunists that successfully
settle as the first habitats after a disturbance. The analysis
of the data obtained by us showed that more specialized
species of small mammals (M. avellanarius, M. minutus, S.
betulina, N. fodiens, N. anomalus, S. minutus) with overall
lower abundances start to be present in small mammal
communities up to 5—6 years after disturbance, which is
probably related to increasing habitat heterogeneity during
secondary vegetation succession. Different patterns of
responses of generalist and specialized small mammal
species to different levels of disturbance in Europe’s
forest ecosystems have also been revealed by an analysis
of a large data set by BogpziEwicz and ZwoLak (2014).
Because the complexity of an environment is a temporal
function, we consider the succession age of the disturbed
habitat to be a key factor of secondary succession, which
significantly modifies the complexity of the environment
and relates to changes in the abundance of small mammals.
Rapid changes in vegetation over the first 5 years of
secondary succession confirms the work of DANIELSON
and ANDERSON (1999). Those authors examined the
relationship between the succession age of the habitat and
relative abundance of a species. Their results indicated the
abundance of highly specialized species of small mammals
decreases significantly with increasing habitat age.
Succession changes in the communities we studied were
the greatest in the early stages; later, the rate of succession
changes decreased and differences in the diversity of small
mammal species on the areas affected by a disturbance
were levelled. The results of our research suggest that
the species richness of small mammal communities in
disturbed areas (NEX, EXT, FIR1A, FIR3A, CVL, OVL)
gradually increases in the first 8 years after disturbance
(2004-2013), decreases in the next phase of the succession
series (after 2013), and reaches its minimum at the end of the
observed period (2014-2016). During the entire research
period (2005-2016), the communities of small mammals
of larch-spruce forests in the terminal phase of succession
of forest communities showed the lowest species richness
(REF area without disturbances). This is consistent with
the results of several studies (e.g., PANzAccHI et al., 2010;
ZARYBNICKA et al., 2017), whose authors state that the
highest species diversity is achieved by small mammals
in young forest habitats, i.e. in the initial stages of
succession, and vice versa the lowest in its terminal stages
(in adult forest stands). The increase in species diversity
of small mammals in the early stages of succession is
probably related to the increase in structural heterogeneity
of habitats (indicated in our study by succession changes
in species diversity and vegetation cover), consistent with
the habitat heterogeneity hypothesis (MACARTHUR, 1961).

20

This hypothesis was also supported by other research
focused on the study of successive (BOLLINGER, 1995) and
disturbed habitats (KROJEROVA-PROKESOVA et al., 2016).
The significant influence of vegetation parameters on
changes in small mammalian species groups is also noted
by PanzaccHI et al. (2010). In general, in habitats with
a higher number of plant species, there are more rodent
species (more diversified food sources, antipredation
shelter) and insectivores (higher insect biodiversity), as
stated in the study WANG et al. (2001).

Vegetation structure and its changes during succession
affect succession changes in small mammal communities
(THOoMPsON and Gesg, 2013). The succession stage of
vegetation in the study plots affected by a disturbance
influenced the structure of small mammal communities
through changes in the species composition and both the
horizontal and vertical structures of the vegetation profile,
expressed by gradients of species richness and abundance
in individual vegetation layers. The highest abundance was
reached in plots with a total vegetation coverage of about
80%. In research plots with higher coverage, we observed
a decrease in abundance, especially in dominant rodent
species. Small mammals, especially rodents, are directly
influenced by vegetation. The species diversity of rodents
negatively correlates with vegetation height and coverage
(ZHANG et al., 2018).

Based on a detailed analysis of the data obtained
on postdisturbance succession of small mammal
communities, we assume that due to the increasing
frequency of intensity and extent of disturbances in forest
ecosystems of the Carpathian arc, there will be faster and
more frequent changes affecting the population density
and small mammals, but also their ecological and spatio-
temporal distribution. In connection with such large-
scale disturbances of forest ecosystems in the future, we
can expect the development of new adaptations and life
strategies in local small mammal populations, as well as
changes in their habitat selection and food preferences.
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