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Abstract
The population dynamics of shrews (Soricidae) are not well known even though they form an important part of forest 
ecosystems and represent suitable bioindicators of ecosystem quality. The aim of this study was to evaluate the population 
dynamics of shrews in mountain and upland forest clearings in four study areas within the Czech Republic and to reveal 
how climatic factors influenced fluctuations in their abundance for a decade (2007–2017). In total, we trapped 7,538 indi-
viduals of 18 small mammal species. From 760 individuals of seven shrew species, the common shrew (Sorex araneus) was 
significantly dominated in all study areas. We did not observe any significant, regular multi-annual cycles of the common 
shrew. However, a cross-correlation in density fluctuation of this species was detected in all mountain areas indicating the 
influence of environmental factors acting on a larger geographical scale. The autumn abundance of shrews was dependent 
on the subset of climatic variables, together explaining 56% of the variance in the linear regression model. Except for the 
length of the snow cover of ≥ 5 cm, all other significant variables were associated with North Atlantic Oscillation (NAO). 
Longer duration of snow cover during the winter before trapping, higher average NAO value during months before trapping, 
and NAO value in September influenced negatively the autumn abundance of shrews, contrary, higher value of NAO in May 
and October increased the abundance. Our results demonstrate the sensitivity of shrews to winters with a longer period of 
snow cover and to climatic oscillations associated with the NAO, whose effect is monthly dependent and probably indirectly 
influencing shrews through their prey.
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Introduction

The climate change is a global phenomenon with major 
impacts on ecosystems and biodiversity. It is the main driver 
of changes in the phenology, and it affects geographical dis-
tribution, phenotypic traits, and population dynamics of both 
plant and animal species (Walther et al. 2002; Parmesan 
2006; Feehan et al. 2009; Chen et al. 2011; Gardner et al. 
2011; Hu et al. 2022; Taylor et al. 2022). Predictions of 
the climate development in the Central European region are 
not uniform. We do not know whether the influence of the 
greenhouse effect will prevail and the warming will intensify 
(Jacob et al. 2014) or whether the Gulf Stream will weaken 
and cool down (Boers 2021; Caesar et al. 2021); however, 
there is an agreement on the expectation of more frequent 
occurrence of extreme events (torrential rains, long dry peri-
ods, and extreme temperatures) (Coppola et al. 2021).
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The course of the main climatic factors (i.e., precipita-
tion, wind, and temperature) at the continental level is often 
closely related to changes in the air pressure difference 
between some places; this phenomenon allows us to use a 
single value to express the variability of the main climatic 
factors with relatively high accuracy. An important system 
affecting Europe and eastern North America is the North 
Atlantic Oscillation (NAO). The NAO value is derived 
from the difference of atmospheric air pressure between the 
Azores and Iceland (Hurrell 1995). The impact of the NAO 
phase on climatic conditions is very complicated, resulted 
from the complexity of the phenomenon itself (Hurrell 
2011). Its fluctuations induce considerable variations in the 
mean direction and speed of the wind patterns over the North 
Atlantic (Hurrell et al. 2003), the heat and moisture trans-
port to the North America and Europe (Christoudias et al. 
2012), and the intensity and number of storms (Trigo 2006). 
Manifestations of the NAO vary significantly regionally in 
Europe (Ottersen et al. 2001; Cleary et al. 2017; Rousi et al. 
2020). In addition, the influence of the NAO on the climate 
of Central Europe has been studied mainly seasonally (dur-
ing winter or summer, e.g., Bojariu and Giorgi 2005), but the 
effect can vary even in individual months (López-Moreno 
and Vicente-Serrano 2008).

Small terrestrial mammals (Rodentia, Eulipotyphla) are 
widespread, abundant, and important in the food webs of for-
est ecosystems. Due to their ubiquity, small size, short life, 
and relatively high and variable abundance, they respond rel-
atively quickly to environmental changes and habitat distur-
bance (Bertolino et al. 2015). Therefore, they are considered 
as bioindicators of sustainable forest management (Carey 
and Harrington 2001; Pearce and Venier 2005). However, 
with long-term monitoring, they have a potential to indicate 
changes associated with climate (Hope et al. 2017).

Shrews represent one of the smallest mammals in the 
world with unique physiological and ecological adapta-
tions. Due to their characteristic traits (small predators of 
invertebrates with a high metabolic rate and a need for a 
high-energy diet, which do not hibernate and are active both 
during the day and night), they are sensitive to changes in 
environmental conditions (Brown et al. 1997; Taylor 1998; 
Churchfield 2002; Ochocińska and Taylor 2005; Schaeffer 
et al. 2020). Shrews also have relatively small home ranges 
and do not migrate over long distances, so they are highly 
dependent on their environment, making them ideal model 
organisms for studying species-environment interactions, 
including those related to climate change (Hope et al. 2016; 
Hu et al. 2022; Taylor et al. 2022).

The population dynamics of shrews (Soricidae) is varia-
ble and not thoroughly explored, especially for less abundant 
species. Population density time series are often too short 
(Churchfield et al. 1995; Berryman 2002) and those lasting 
at least 10 years are rare. However, such studies are essential 

for describing temporal variability and assessing the influ-
ence of environmental factors affecting their abundance 
(Marcström et al. 1990; Matlack et al. 2002). Although some 
species such as the common shrew (Sorex araneus) are rela-
tively widespread, studying their population dynamics can 
be challenging since their abundance is consistently lower 
than that of other small mammals (especially rodents).

Both cyclic (Sheftel 1989; Tast et al. 2005; Zub et al. 2012; 
Bobretsov et al. 2018; Erdakov et al. 2019) and non-cyclic 
(Pankakoski 1985; Henttonen et al. 1989; Churchfield et al. 
1995; Popov 2005; Tomášková et al. 2005; Zakharov et al. 
2020) populations of shrews have been recognized. Intrin-
sic (density-dependent) and extrinsic (density-independent) 
factors may play an important role in the formation of this 
temporal population variation (Stenseth et al. 2002). Shrews 
are very sensitive to severe environmental conditions (espe-
cially during winter) due to their fast metabolism, small body 
size, and limited ability to store more energy in the form of 
fat tissue (Churchfield 1981; Brown et al. 1997; Schaeffer 
et al. 2020). During the winter, they can consume more than 
50% of their body fat in just 2.5 h (Lázaro and Dechmann 
2021). Cold temperature increases their metabolic costs, but 
their food is often less available during winter (Churchfield 
2002). The postnatal seasonal and reversible reduction in the 
body size (Dehnel’s phenomenon) of soricine shrews includ-
ing the braincase were detected in northern temperate win-
ters and hypothesized to be an energy-saving overwintering 
strategy, an alternative to hibernation or migration (Lázaro 
et al. 2017; Schaeffer et al. 2020). The negative impact of 
climatic conditions on different shrews’ populations during 
winter was frequently identified as direct (Pankakoski 1985; 
Churchfield 2002; Zakharov et al. 2020) or indirect through 
food availability (Churchfield 1982; Kaikusalo and Hanski 
1985; Pankakoski 1985; Henttonen et al. 1989; Jędrzejewska 
et al. 1998). In addition, population variations may be strongly 
influenced by intraspecific (Moraleva 1989; Sheftel 1989) and 
interspecific competition (Huitu et al. 2004; Zub et al. 2012), 
predation (Henttonen 1985; Korpimäki 1986; Henttonen 
et al. 1989), variation in reproduction intensity (Kaikusalo 
and Hanski 1985; Zakharov et al. 1991), forest management 
(Bogdziewicz and Zwolak 2014), local succession of vegeta-
tion (Mažeikyte 2009), or habitat structure (Zárybnická et al. 
2017; Bobretsov et al. 2018).

Forest clearings are important habitats for small mammals 
as they provide favorable conditions for reproduction, hiber-
nation, and dispersal (Anikanova et al. 2009). For common 
shrews, young and overgrowing clearings and young forests 
may be the preferred habitat types (Guseva and Korosov 
2015). Many studies have showed that this species often 
increases in abundance after clear-cutting (Mažeikyte 2009; 
Bogdziewicz and Zwolak 2014; Ivanter and Kurhinen 2015). 
Due to the high abundance and diversity of small mammal 
communities (including shrews), small-sized forest clearings 
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can be important for maintaining forest biodiversity in man-
aged Central European forests (Krojerová-Prokešová et al. 
2016). Even though small mammals can colonize quickly 
and exploit new resources in secondary forests, new forest 
plantations should not be regarded as a sufficient replace-
ment for higher quality habitats such as ancient forests 
(Fuentes-Montemayor et al. 2020). Old-growth forests are 
ecologically unique in comparison to managed forests, many 
of which are species-impoverished (Saitoh and Nakatsu 
1997; Carey 2003). However, the structure and diversity of 
small mammal communities in managed forests do not differ 
from the natural forests if the scale of individual stands and 
clearings is relatively small (clearings < 2 ha; Bryja et al. 
2002; Suchomel et al. 2014).

Based on our previous studies that examined the effect 
of elevation and age of forest stands on the abundance and 
species composition of shrews (Dokulilová and Suchomel 
2016, 2017), we concluded that small forest clearings (espe-
cially in higher elevations) are suitable habitats for common 
shrews as well as important refuges for other shrew species. 
In this study, we analyzed data on autumn abundances of 
small mammals from small forest clearings in upland and 
mountain areas to ascertain: (1) regularity and fluctuations 
of the population density of common shrew, (2) interspecific 
synchrony in the population dynamics of common shrew 
and other abundant small mammal species (Apodemus spp., 

bank vole Clethrionomys glareolus, and Microtus spp.), and 
(3) influence of selected climatic factors at the local (air 
temperature, precipitation, and snow cover) and continental 
scale (indices of the North Atlantic Oscillation NAO) on the 
population dynamics of common shrew during one decade 
of monitoring. This study represents the most comprehen-
sive study of the population dynamics of common shrew in 
managed Central European forests.

Materials and methods

Study areas

The small mammal communities (rodents and eulipoty-
phlans) were monitored in four areas (Fig. 1): Beskydy 
Mountains (north-eastern Moravia; 49° 30′ N, 18° 20′ E), 
Drahanská Uplands (central Moravia; 49°16′ N, 16° 50′ E), 
Jeseníky Mountains (northern Moravia; 50° 10′ N, 17° 16′ 
E), and Ore Mountains (north-western Bohemia; 50° 39′ 
N, 13° 35′ E). These areas differ mainly in terms of cli-
mate (temperature and precipitation) and the natural species 
composition of the forest. About 80% of the forests in the 
Beskydy Mts. were composed of European beech (Fagus 
sylvatica) and white fir (Abies alba). Beech, fir, and oaks 
(Quercus spp.) had the same proportion even in the warmest 

Fig. 1   Study areas with monitored clearings
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Drahanská Uplands. In the Jeseníky and the Ore Mts., almost 
90% of the forests consisted of Norway spruce (Picea abies), 
beech, and white fir. As a result of centuries of intensive for-
est management, the composition of the forests in all four 
areas is very similar today: the proportion of spruce has 
increased to 50–80%, while the percentage of broadleaved 
trees has decreased to approx. 20% (ÚHÚL 2023). It should 
also be noted that the Ore Mts. were severely damaged by 
industrial emissions at the end of the twentieth century.

The small mammal communities were monitored at 
small forest clearings (≤ 2 ha) for 8 (Ore Mts.) or 11 years 
(Beskydy Mts., Jeseníky Mts., and Drahanská Upl.) from 
2007 to 2017. Basic characteristics of the study areas are 
given in Table 1.

Monitored clearings

Clear-cuts with a well-developed herb layer were selected 
randomly in each study area (Table 2). The total number 
slightly changed during monitoring due to the age of the 
stand (for research purposes, it was necessary to limit the 
monitoring of clearings to 10 years after their establish-
ment so older clearings were later replaced with newer 
young ones). In the Ore Mts., monitoring was interrupted 
in 2009 due to early snowfall; the total length of data col-
lection in this locality was shortened due to limited finan-
cial resources. A total of 190 monitoring plots, differing in 
habitat structure and age, were monitored during the study.

All monitored plots were small, artificially reforested 
clearings (up to 2 hectares), which represented the early 
successional forest stages from three to ten years old. 
These stages have the least-developed canopy and most-
developed herbaceous layer (average 94%). Saplings 
of beech (Fagus sylvatica, 72.5%), spruce (Picea spp., 
14.8%), or oak (Quercus spp., 12.7%) predominated. There 
was only marginal occurrence of saplings from other tree 
species, e.g., fir (Abies alba), pine (Pinus sylvestris), 
maple (Acer spp.), and linden (Tilia spp.).

Trapping of small mammals

Trapping of small mammals was carried out annually dur-
ing autumn (September–November) in order from higher to 
lower elevations to allow data comparison between study 
areas. The trapping techniques have been described in detail 
and justified by Krojerová-Prokešová et al. (2016, 2018). 
The chosen capture method was not originally intended to 
target shrews but instead aimed at pest rodent species that 
cause damage to forest plantations. Shrews incidentally fell 
into traps as non-target species. We are aware that the trap-
ping method of snap-traps may not provide reliable results 
for some species of shrews, especially those of smaller size 
(Henttonen et al. 1989; Anděra 2010; Čepelka et al. 2019). 
However, it can be useful in assessing population dynamics 
and the distribution of these species (Popov 2005). Addition-
ally, there are studies focused on small mammal communi-
ties using snap-traps which also presented significant results 
regarding shrews (Bryja and Zukal 2000; Suchomel et al. 
2014; Krojerová-Prokešová et al. 2016). Moreover, the same 
methodology was used in all study areas. The population 
density of Soricidae and the common shrew strongly posi-
tively correlated (Spearman R = 0.954, p < 0.001), thus only 
data about the most common species of Soricidae, the com-
mon shrew, were used for evaluation. The relatively large 
number of trapped common shrews (678 individuals) ena-
bled the evaluation of population dynamics of this species.

The research for this study was conducted in managed 
forest plantations, where small mammals that endanger com-
mercially important seedlings are labeled as pest species and 
can be legally poisoned. While poisoning was not allowed 
at the study sites during the research period, snap–trapping 
was permitted by Ethics Commission of the Academy of 
Sciences of the CR (No. 150/2006). All aspects of trapping 
complied with EU Council Directive 86/609/EEC on the 
experimental use of animals.

The cumulative trapping effort was 73,848 trap-nights 
across 190 clearings. Trapped individuals were identified 

Table 1   Basic characteristics of study areas. The meteorological parameters were calculated from data recorded by the Czech Hydrometeoro-
logical Institute

Study areas Time period Elevation (m a.s.l.) 
median min–max

Size of 
clearings (ha)
min–max

Annual 
temperature (°C)

Annual 
precipitation 
(mm)

Number of days 
with snow cover 
height ≥ 5 cm

Annual max snow 
cover height (cm)

Beskydy Mts. 2007–2017 893.5
511–1,205

0.05–1.2 5.8 1,202.1 101 75.8

Jeseníky Mts. 2007–2017 837.6
690–1,085

0.2–1.3 6.1 1,033.1 82 50.9

Drahanská Upl. 2007–2017 464.1
320–520

0.08–1.9 9.2 535.0 25 13.9

Ore Mts. 2007–2008, 
2010–2015

731.0
370–875

0.2–2.0 7.5 709.4 46 26.1
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by species, sexed, weighed, measured (body length, tail 
length, and hind foot length), and assessed for repro-
ductive condition. The animals were also used for other 
research that required necropsy including analysis of the 
reproduction stage of the population and monitoring the 
presence of Hantavirus and other pathogens in the small 
mammal community. Publications described two new spe-
cies of Hantavirus in the family Soricidae (Schlegel et al. 
2012; Radosa et al. 2013).

Climate variables

All local climate variables (air temperature, precipitation, 
snow cover height, and duration) were taken from data 
recorded by the Czech Hydrometeorological Institute (www.​
chmi.​cz) based on fifth-day interval measures (pentads) col-
lected at the meteorological stations in the surrounding of 
the study areas, in relation to the elevations of monitored 
clearings. The monthly values of North Atlantic Oscillation 
(NAO) based on the surface sea-level pressure difference 
between the Subtropical (Azores) High and the Subpolar 
Low data were used also as climatic variables. The values 
were downloaded from the National Centers for Environ-
mental Information National Oceanic and Atmospheric 
Administration (NCEI NOAA; available from https://​www.​
ncdc.​noaa.​gov/​telec​onnec​tions/​nao/). A list of all climatic 
variables is provided in Table S1 (Online Resource 1).

Data processing

The dominance (D) of the shrew species was calculated 
according to the formula D = ni∕N × 100(%) , where “ni” is 
the number of individuals of the given species and “N” is the 
sum of individuals of all species captured during all monitored 
years at all clearings within a specific area (Tischler 1949). 
The relative abundance (rA) of small mammals (rodents and 
shrews) was calculated per 100 trap-nights according to the 
formula rA = 100 × n∕P , where “n” is the number of captured 
animals and “P” is number of trap-nights. This approach was 
used to make rA values comparable between study areas/clear-
ings with different trapping effort.

The relative abundance of common shrew (the most 
abundant eulipotyphlans) was compared to dominant rodent 

species, which were pooled into three ecological groups 
according to their feeding strategy: Apodemus spp. (granivo-
rous Apodemus agrarius, A. flavicollis, and A. sylvaticus), 
bank vole (omnivorous Clethrionomys glareolus), and Micro-
tus spp. (herbivorous Microtus arvalis and M. agrestis). The 
average relative abundance values detected for these groups 
for each study area annually in autumn (hereafter autumn 
abundance) were log-transformed according to the formula 
log10(rA + 1) and checked for the assumption of data normal-
ity by Kolmogorov–Smirnov (K-S) test and Shapiro–Wilk 
test. The autumn abundance values of all groups fulfilled the 
assumption (see Appendix 1 in Online Resource 1).

For the time series analysis, we calculated the autumn 
abundance at annual intervals of all groups (Sorex araneus, 
Apodemus spp., Microtus spp., and bank vole) for particular 
areas. Separate series were calculated for all areas for each 
group and for common shrew within each area. The aim 
was to characterize the degree of synchrony in abundance 
fluctuation between small mammals’ groups within study 
area and for common shrew among study areas using cross-
correlation analyses (Berryman and Turchin 2001).

The influence of selected climatic variables as predic-
tors (explanatory variables) on the log-transformed autumn 
abundance of common shrew (response = dependent vari-
able) was tested using stepwise linear regression. To reduce 
the influence of multicollinearity of variables, we used the 
Pearson correlation coefficient (r) to screen for correlated 
climatic variables (see Online Resource 2). We retained only 
variables with r < 0.7 (Bosso et al. 2018; Hu et al. 2022). All 
statistical analyses were done in IBM SPSS Statistics 26.0.

Results

Diversity of small mammals in the study areas

A total of 7,538 individuals of 18 small mammal species were 
trapped during the years 2007–2017 (Table 3). A total of 760 
individuals belonged to seven species of shrews (10.08% of 
the total number of small mammals captured). The highest 
number of shrew species was recorded in the Drahanská 
Upl. (Table 4). Total abundance was also the highest there 
(rA = 1.519) compared to the Beskydy Mts. (rA = 0.704), the 

Table 2   Number of clearings 
monitored each year at 
particular study areas

Study areas Number of monitored clearings

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Beskydy Mts. 18 18 18 18 18 18 16 15 15 17 17
Jeseníky Mts. 18 18 18 18 18 18 18 15 15 15 15
Drahanská Upl. 19 19 19 19 19 22 18 15 18 16 18
Ore Mts. 20 20 - 20 20 22 11 17 18 - -
In total 75 75 55 75 75 80 63 62 66 48 50

http://www.chmi.cz
http://www.chmi.cz
https://www.ncdc.noaa.gov/teleconnections/nao/
https://www.ncdc.noaa.gov/teleconnections/nao/
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Jeseníky Mts. (rA = 0.870), and the Ore Mts. (rA = 0.974) 
(Table 4). A total of 41% of all 760 shrews were captured in 
the Drahanská Upl.

The common shrew was the most abundant shrew 
species (rA = 0.918; D = 90.17%; Table  4). It signifi-
cantly dominated over other shrews in all studied areas 
and occurred in 40.6% of all monitored clearings. It was 
followed by the Eurasian pygmy shrew, Sorex minutus 
(rA = 0.083; D = 7.50%; Table 4), which also occurred in 

all four studied areas but with significantly lower abun-
dance and regularity. Other species of shrews were found 
only rarely.

Population dynamics of the common shrew; 
comparison with dominant rodent species

The autumn abundance of common shrew among study areas 
showed strong positive cross-correlation at a zero time-lag 

Table 3   Results of trapping 
(pooled data for all trapping 
seasons; rA, relative abundance)

Species/study areas Beskydy Mts. Jeseníky Mts. Drahanská Upl. Ore Mts. In total

Rodentia
Apodemus agrarius 2 1 36 0 39
Apodemus flavicollis 422 286 818 456 1,982
Apodemus uralensis 0 0 1 0 1
Apodemus sylvaticus 17 17 210 48 292
Clethrionomys glareolus 485 483 1,166 673 2,807
Microtus arvalis 8 33 294 230 565
Microtus agrestis 226 245 254 312 1,037
Microtus subterraneus 5 3 7 4 19
Micromys minutus 0 1 12 1 14
Muscardinus avellanarius 13 2 6 0 21
Eulipotyphla
Crocidura leucodon 0 0 6 1 7
Crocidura suaveolens 0 2 6 0 8
Neomys milleri 1 0 0 0 1
Neomys fodiens 0 0 2 0 2
Sorex alpinus 3 0 0 0 3
Sorex araneus 123 157 267 131 678
Sorex minutus 8 6 32 15 61
Talpa europaea 1 0 0 0 1
Total captured individuals 1,314 1,236 3,117 1,871 7,538
Number of species 13 12 15 10 18
Number of trap-nights 19,176 18,972 20,604 15,096 73,848
rA (ind./100 trap-nights) 6.85 6.51 15.13 12.39 10.21

Table 4   Relative abundance (rA) and dominance (D) of shrews in study areas (pooled data for all trapping seasons)

Species/study areas Beskydy Mts. Jeseníky Mts. Drahanská Upl. Ore Mts. In total

D (%) rA (%) D (%) rA (%) D (%) rA (%) D (%) rA (%) D (%) rA (%)

Crocidura leucodon 0 0 0 0 1.92 0.029 0.68 0.007 0.65 0.009
Crocidura suaveolens 0 0 1.21 0.011 1.92 0.029 0 0 0.78 0.011
Neomys milleri 0.74 0.005 0 0 0 0 0 0 0.19 0.001
Neomys fodiens 0 0 0 0 0.64 0.010 0 0 0.16 0.003
Sorex alpinus 2.22 0.016 0 0 0 0 0 0 0.55 0.004
Sorex araneus 91.11 0.641 95.15 0.828 85.30 1.296 89.12 0.868 90.17 0.918
Sorex minutus 5.93 0.042 3.64 0.032 10.22 0.155 10.20 0.099 7.50 0.083
Number of species 4 3 5 3 7
Number of trap-nights 19,176 18,972 20,604 15,096 73,848
rA (ind./100 trap-nights) 0.704 0.870 1.519 0.974 1.029
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(Fig. 2) for all three mountain areas with cross-correlation 
coefficients (CCFs) varied from 0.641 to 0.834 among pairs 
of study areas (Table S2 in Online Resource 1). This means 
that autumn abundance of common shrew fluctuates with 
the same pattern among all mountain areas even the geo-
graphic distance of the Ore Mts. is approximately 350 km 
far away from the two Moravian mountain ranges: Beskydy 
and Jeseníky Mts. This pattern is also evident when the 
log-transformed autumn abundance values are graphically 
displayed, although the range of values differ among study 
areas (Fig. 3). The pattern detected for Drahanská Upl. 

situated in lower elevation was slightly different, especially 
due to high autumn abundance detected in 2010 (n = 12; 
rA = 0.62 in 2009 compared to n = 72; rA = 3.72 in 2010) and 
during the next year but for the part of the period, first three 
(2007–2009), and last four years (2014–2017), also copied 
the pattern detected for mountain areas (Fig. 3). The CCF 
value for the pair with the closest Beskydy Mts. was only 
slightly lower (CCF = 0.572, Table S2 in Online Resource 
1). Besides this synchronization, the results did not reveal 
any significant regular multi-annual cyclicity of the common 
shrew in study areas.

Fig. 2   Time-series cross-correlation of autumn abundance (log10(rA + 1)) of the common shrew between pairs of study areas
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Further, time series cross-correlations between common 
shrew and other small mammals were also the highest at a 
zero time-lag, with the highest cross-correlation coefficient 
(CCF) of 0.450 ± SE 0.150 detected for the pair with Micro-
tus spp. (Table S3 in Online Resource 1). Detected results 
indicate that there is a similarity in autumn abundance 
fluctuation among different species with different feeding 
strategies, even though the pattern is not clear (Fig. 4). The 
similarity is the most evident in Ore Mts. (Fig. 4d).

The influence of climatic factors on the abundance 
of the common shrew

Year-to-year fluctuations in common shrew autumn abun-
dance between different study areas showed a similar pattern 
as mentioned above (Figs. 2 and 3). Therefore, we evaluated 
the influence of various climatic factors on the abundance of 
the common shrew. Stepwise linear regression identified as 
significant five of a total 19 predictors included in the analy-
sis. All five variables explained together 56% of the variance 
in the autumn abundance of the common shrew as dependent 
variable (R2 = 0.560; Table 5). The significance of predictors 
is given in Appendix 2 (Online Resource 1). Partial regres-
sion showed that longer duration of the snow cover of ≥ 5 cm 
during the winter before trapping influenced negatively the 
autumn abundance of shrews (Fig. 5a). Further, the higher 
values of NAO in May and October increased the abundance 
of common shrew detected in autumn (Fig. 5c and e); on the 
other hand, higher values of NAO in September and average 
value of NAO calculated for the month of the year before 
trapping since December decreased the number of common 
shrews detected in autumn (Fig. 5b and d).

Discussion

The common shrew was the most abundant species from the 
Soricidae family, which confirms earlier findings (Anděra 
2000, 2010). Other species of shrews were recorded much 
rarely. Although the snap-trapping underestimates lighter 
individuals (Čepelka et al. 2019), the usual weights of the 
eulipotyphlans detected are comparable with rodents except 
for the Eurasian pygmy shrew. Therefore, we assume that 
only the population density of this species could have been 
underestimated due to the methodology used. We found 
certain differences in the structure of the small mammal 
community between study areas. Both the widest species 
spectrum (15 species; see Table 3) and the highest rela-
tive abundance of ubiquitous species of small mammals 
were found in the Drahanská Upl. The same was true for 
shrews (Table 4). We assume the observed differences were 
caused by different climate conditions. The Drahanská Upl. 
lie the most southerly and has the lowest elevation; it is 
therefore the warmest and the driest of the monitored areas 
and with the mildest winters (Table 1). These conditions 
result in a longer growing season, faster development, more 
diverse communities of plants and animals, and generally 
higher productivity. Even most shrew species probably found 
more suitable and stable conditions there. This was reflected 
in the different relative abundance and asynchronous fluctu-
ations of populations compared to mountain areas. Bicolored 
white-toothed shrew (Crocidura leucodon) and lesser shrew 
(C. suaveolens) (Anděra 2000, 2010; Anděra and Gaisler 
2012) were more abundant in the Drahanská Upl. Con-
versely, the typically mountain species alpine shrew (Sorex 
alpinus) (Anděra 2000, 2010; Anděra and Gaisler 2012) 

Fig. 3   The values of autumn 
abundance (log10(rA + 1)) of the 
common shrew detected during 
the study period 2007–2017 in 
all study areas: Beskydy Mts., 
Drahanská Upl., Jeseníky Mts., 
and Ore Mts.
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was found only in the Beskydy Mts. Eurasian water shrew 
(Neomys fodiens) and Miller’s water shrew (N. milleri) are 
mostly found in mid-elevation areas and near watercourses 
(Anděra 2000, 2010; Anděra and Gaisler 2012). Their rare 
occurrence in forest clearings was therefore expectable.

The studied small forest clearings appear to be most 
suitable for the common shrew and Eurasian pygmy shrew. 
For shrews, the selection of habitats is mainly determined 
by food supply, which also affects abundance of both spe-
cies (Lukyanova et al. 2021). In addition, their presence 
and abundance may also be influenced by competition and 

predation (Huitu et al. 2004) related to the nature and den-
sity of the vegetation, which affects both food availability 
and shelter options (Jędrzejewska and Jędrzejewski 1990; 
Longland and Price 1991).

Common shrew was significantly more abundant than 
Eurasian pygmy shrew in all areas. Although competitive 
exclusion can limit the number of species and individuals 
(Väli and Tõnisalu 2021), it is known that some shrew spe-
cies can coexist in one habitat despite their great similar-
ity in morphology and ecology (Churchfield and Rychlik 
2006). Differences in body size, which are associated with 

Fig. 4   The values of autumn abundance (log10(rA + 1)) of small mammals in 2007–2017 in a Beskydy Mts., b Jeseníky Mts., c Drahanská Upl., 
and d Ore Mts.

Table 5   Model summary of stepwise linear regression with included significant climatic variables predicted autumn abundance of the common 
shrew. Abbreviations are explained in Table S1 (Online Resource 1)

Model summary
Dependent variable: log10(rA + 1) of the common shrew abundance

R R2 Adjusted R2 Std. error of 
the estimate

avsnow_5 cm 0.350 0.123 0.100 0.145
avsnow_5 cm, NAO_IX 0.577 0.333 0.298 0.128
avsnow_5 cm, NAO_IX, NAO_V 0.640 0.409 0.361 0.123
avsnow_5 cm, NAO_IX, NAO_V, avNAO_I-IX 0.710 0.504 0.449 0.114
avsnow_5 cm, NAO_IX, NAO_V, avNAO_I-IX, NAO_X 0.748 0.560 0.497 0.109
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differences in food composition and acquisition, contribute 
to their ability to coexist in one habitat (Churchfield et al. 
1999; Brannon 2000; Churchfield 2002), with Eurasian 
pygmy shrew clearly preferring the epigeic and common 
shrew the hypogeic invertebrates (Anděra 2000).

Population dynamics of the common shrew

In this study, the cyclicity in population dynamics was only 
evaluated for the common shrew as the most abundant spe-
cies of Soricidae. We detected a partial synchronization in 

Fig. 5   The partial regression plots between log-transformed autumn abun-
dance of common shrew and climatic factors identify as significant in the 
stepwise linear regression: a  the duration of snow cover ≥ 5 cm in days, 

b the value of NAO in September, c the value of NAO in May, d average 
value of NAO in the year of trapping from December to September/Octo-
ber in dependence to study area, and e NAO value in October
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density fluctuations between all mountain areas (Fig. 3; see 
below) However, our analyses did not reveal any signifi-
cant regular multi-annual population cycles of the common 
shrew. Similar results have been observed in Western and 
Central Europe (Churchfield et al. 1995; Tomášková et al. 
2005), and regular cyclicity was not observed even in cen-
tral European populations of rodents (Čepelka et al. 2020). 
Population cycle has been commonly observed in north-
ern temperate regions, especially in Fennoscandia, with 
the stable climate, in which overpopulation and related 
intra and interspecific competition has been assumed as 
a limiting factor for further population growth (Henttonen 
et al. 1977; Myllymäki 1977; Viitala 1977, 1984; Hansson  
and Henttonen 1985; Zub et al. 2012). Further, it has been 
mentioned that this cyclicity decreases southwards (Hansson  
and Henttonen 1985). Moreover, collapses of cyclic 
dynamics were registered in many regions recently and 
the relation to mild winters and unstable snow cover due 
to climate change has been discussed (Ims et al. 2008;  
Cornulier et al. 2013; Korpela 2014; Zakharov et al. 2020). 
In Central Europe, except for the likely influence of the cli-
mate change, the shrew populations are influenced by more 
continental climate with distinct seasonality (Tkadlec and 
Zejda 1998; Tomášková et al. 2005). Population cycles are 
less common here (Pupila and Bergmanis 2006), although 
rarely they have also been recorded (Zub et al. 2012).

The synchronicity of the common shrew population 
abundance with those of abundant rodents

The population densities of syntopic rodents and shrews 
do not fluctuate synchronously in the Czech forests 
(Tomášková et al. 2005; Čepelka et al. 2017). We detected 
weak synchronicity between all ecological groups of small 
mammals, especially of common shrew with herbivores 
(i.e., with the genus Microtus). The strongest synchronicity 
was detected in the Ore Mts., which may be influenced by 
higher predation pressure of boreal owl (Aegolius funereus), 
especially in young plantations on this mountain plateau 
(Zárybnická et al. 2015, 2017). Similar environmental con-
ditions (large-scale spruce monocultures, bark beetle clear-
cuts, and clearings with plantations) have also arisen in the 
Jeseníky and the Beskydy Mts. in recent years. Unfortu-
nately, data on the rate of predation are missing there up to 
date. Interspecies synchronism in the population dynam-
ics of voles and shrews associated with predation has been 
most frequently found in northern Europe (Hansson 1984; 
Henttonen 1985; Korpimäki 1986; Korpimäki and Norrdahl 
1989; Korpimäki et al. 2005). The observed synchronicities 
may be related to the predominance of mountainous areas 

in our study; the climatic conditions of the Central Euro-
pean mountains are very similar to the temperate regions 
of Fennoscandia.

The influence of climatic factors on the abundance 
of common shrew

Climatic conditions are some of the extrinsic factors that sig-
nificantly affect the population dynamics of small mammals 
(Chen et al. 2015; Hlôška et al. 2016). In seasonal environ-
ments, winter climatic conditions can drive the population 
dynamics of small mammals, especially rodents, beyond the 
winter season (Formozov 1946, 1961; Hlôška et al. 2016; 
Scott et al. 2022). Especially, the abundance of subnivium-
adapted rodents increased after long lasting and snow rich 
winters with stable winter conditions (Hlôška et al. 2016; 
Scott et al. 2022). However, the shrews as an insectivorous 
species may react differently.

The shrews’ high sensitivity to extremes can be explained 
by their small size, high metabolic rate (Taylor 1998), year-
round activity, and lack of fat reserves (Churchfield 1990). 
According to Ivanter (2020), the most important climatic 
factors that cause changes in the abundance of the common 
shrew are the height of the snow cover, the depth of soil 
freezing in winter, temperatures in spring, and precipita-
tion in the winter-spring period. Previous studies in Central 
European temperate forests detected a connection between 
climatic factors and abundance of the common shrew (Zub 
et al. 2012; Hlôška et al. 2016; Zárybnická et al. 2017). 
Especially, a higher abundance of the common shrew was 
recorded after winters with low snow cover in spruce plan-
tations in the Czech Ore Mts. (Zárybnická et al. 2017). In 
our study, the number of shrews the following autumn was 
negatively affected by the snow cover duration. Since sev-
eral freeze–thaw cycles were present during each winter in 
all study areas and our results did not confirm the effect of 
snow cover height or lower winter temperatures, the length of 
snow cover cannot be simply associated with stronger winter 
conditions. Nevertheless, shrews reduce most activities (e.g., 
breeding and movement) in favor of foraging to meet higher 
energy and nutritional needs due to increased fat turnover 
rates in winter (Schaeffer et al. 2020). The longer duration of 
the snow cover can further increase the energy demands of 
the winter period, delays the start of the growing season and 
the development of invertebrates (Churchfield et al. 2012; 
Ivanter 2020), and thus probably negatively affects the sur-
vival of shrews till spring. As a result, fewer individuals are 
involved in breeding, which may ultimately affect the number 
of shrews caught in the autumn.
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The regression model explained together 56% of the 
variance in the autumn abundance of common shrew as 
dependent variable. Except for mentioned length of the 
snow period, all other significant variables were associated 
with NAO index. More important than winter NAO were 
values of this index in May, September, and in October and 
the average NAO value during months before the trapping 
since December of the previous year. This indicate that the 
shrew’s abundance is influenced also by climatic conditions 
during vegetation season. However, winter may not be the 
only energy-demanding season for shrews. Both sexes face 
extremely high energetic demands especially during the 
breeding season (usually April–September; Churchfield 
1990). The food intake of lactating females is up to 2.5 times 
higher than their own winter intake (Taylor 1998). It was 
also detected that spring adults spent more time at rest than 
winter individuals to save energy (Schaeffer et al. 2020).

Most studies describing the influence of the NAO in the 
Czech Republic indicate a much closer connection of the 
phenomenon with air temperature than with precipitation 
(Doležalová 2007). However, according to other opinions, 
the NAO also significantly affects precipitation in a large area 
of Central Europe, including the Czech Republic (López-
Moreno and Vicente-Serrano 2008). Higher NAO values in 
the winter, summer, and autumn months are mainly associ-
ated with above-average temperatures and below-average pre-
cipitation in Central Europe; in spring, with above-average 
temperatures and precipitation (Pokorná et al. 2007; López-
Moreno and Vicente-Serrano 2008; Chronis et al. 2011).

We detected the influence of positive phase of NAO in 
May on the increasing autumn shrew abundance. A warmer 
and wetter May increases plant production (Ivanter 2020) 
and increases the metabolic rate and reproductive success 
of invertebrates (Frazier et al. 2006). Shrews therefore may 
have their main food sources (like, e.g., arthropods or mol-
lusks) available earlier and in greater quantities (Churchfield 
1982) during an important mating season.

Further, the positive NAO values in September and the 
positive average NAO value during all months before trap-
ping since beginning of winter were also important in the 
regression model and, contrary, negatively affected the den-
sity of the common shrew in autumn. A drier and warmer 
year can mean lower water availability. This can cause a 
lower production of plant biomass and a lower abundance 
of those species that require more moisture, e.g., mollusks 
(Churchfield 1982; Martin and Sommer 2004). Lower num-
bers of shrews can be a consequence of the limiting amount 
of water and especially the lower amount of some prey spe-
cies (Matlack et al. 2002; Ivanter 2020).

Contrary, the opposite effect of positive phase of NAO 
in October probably had only the short-term effect. Since 
the trapping was realized mostly during October, the effect 
is probably caused by higher shrew activity associated 

with warmer and drier weather. However, a detailed under-
standing of the influence of the NAO on climatic condi-
tions, vegetation, shrew populations, and their food needs 
further research.

Conclusion

Our study confirmed that the common shrew was the most 
common soricine species at the forest clearings in all moni-
tored areas. Although no significant regular multi-annual 
cycles in shrew’s abundance were recorded, the study 
revealed that interactions among selected climatic vari-
ables influenced the observed population fluctuation of this 
species. This approach did not allow determining the main 
driver of this fluctuation, but the subset of climatic variables 
explained 56% of the variance in the autumn abundance of 
the common shrew. The time-series cross-correlation among 
mountain areas, even far away to each other, highlighted the 
influence of climatic conditions acting on a larger geograph-
ical scale. The effect of positive phase of NAO, especially 
during winter, on rodent survival is known in Central Europe 
(e.g. Šipoš et al. 2017), but our results revealed that insec-
tivorous shrews can response differently than rodents. Due 
to their unique physiological and ecological adaptations, the 
duration of the winter season and probably the prey abun-
dance affected by climatic conditions during the vegetation 
season plays a significant role. This indicates the impor-
tance of monitoring the impact of ongoing climate change 
on population of shrews and their main prey species.
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