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Introduction

Old-growth forests of the different climatic zones include a remarkable variety of 
habitats for plants, animals, fungi and micro-organisms, representing a diversity hotspot. 
Diverse macro- and micro-habitats harbours many communities, not only representing 
higher taxonomic diversity due to their complex food web system, but also have greater 
functional or ecological diversity. However, this biodiversity is threatened by natural and 
human disturbance such as direct and indirect human activities, including deforestation, 
fragmentation and the degradation of forest habitats which may lead to species replace-
ment, for example increasing the distribution of non-native species (Klenner et al. 
2009). Thus it is important to investigate how habitat diversity affects ecosystem func-
tions such as productivity and ecosystem stability via taxonomic diversity (Angelstam 
et al. 1997, Bengtsson et al. 2000).  

Small mammals, due to their high reproduction rate, rapid demographic changes, and 
short turnover are often used as a sensitive indicator species group to demonstrate and 
evaluate these negative effects in different managed and unmanaged forest habitats (e.g. 
Carey & Johnson 1995, Pearce & Venier 2005, Converse et al. 2006). They are 
important elements of food webs; among other they are dispersers of seeds and micor-
rhizae and also important seed predators and seed dispersers (Vander Wall et al. 2001, 
Frank et al. 2009). Small mammal communities are good indicators of habitat quality 
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changes due to different forest management activities, e.g. selection felling or clear-
cutting.

The classical and current studies of resource partitioning (e.g. Brown & Lieberman 
1973, Schoener 1974, Rosenzweig et al. 1979, Meserve 1981) and competitive coex-
istence (e.g. Pianka 1976, Rosenzweig 1979, Abramsky et al. 1979, Kotler & Brown 
1988,  Kelt et al. 1994, Marsh & Harris 2000) have shown that the habitat selection 
and the resource or habitat partition play important role in the avoidance of competition 
or reduction of competitive situation which allows the stable coexistence of species in 
space and time.

Most of the classical habitat selection studies were performed in deserts or semi-
deserts (e.g. Ambramsky et al. 1979). Segregation studies between coexistent small 
mammals in well-structured forests (e.g. Carrey & Harrington 2001, Bellows et al. 
2001) had been made possible at the end of 1970’s, based on the seminal methodological 
papers of Dueser & Shugart (1978; 1979).

As the abundance of small mammals is affected by both macro-and micro-habitat 
structure, the scale of habitat selection is an important issue in more studies (e.g. Morris 
1987, Jorgensen 2004). Habitat-scale studies provide direct information on the resource 
utilization of each species, so they are appropriate for community structure analysis 
(Poindexter et al. 2012). Therefore, the above studies have shown that small mammals 
are an appropriate indicator group to investigate and understand the mechanisms of 
habitat selection and segregation in different forest types (structure, age, management).

In this study segregation of habitat types and habitat segregation of the three most 
common small mammal species of Kőszegi-forrás Forest Reserve in 2013 – Apodemus 
flavicollis, Apodemus sylvaticus and Myodes glareolus - was tested, based on environ-
mental variables selected from literature, and using method new in Hungary, although 
proven to be appropiate in more countries. 

Material and methods

Study area and forest characteristics 
Our study was executed in the core area and buffer zone of the Kőszegi-forrás Forest 

Reserve. It is situated in southern Hungary, in Mecsek Middle Mountains (46°09ʹ28.88ʺ 
N, 18°17ʹ09.90ʺ E), in Danube-Drava National Park, managed by Mecsek Forestry Ltd. 
Core area of the forest reserve is 33.0 ha, buffer zone is 116.2 ha (Bartha & Esztó 
2002). It is among the best-studied hungarian forest reserves (Horváth et al. 2012). 
Mean annual temperature is 9°C, annual precipitation is 750-800 mm (Ambrózy & 
Kozma 1990). The bedrock is Miocene conglomerate covered by fluvisols. Since the 
majority of the core area lies on a north-facing slope, the most typical plant community 
here is the beech forest Helleboro odori-Fagetum, despite the low altitude. The canopy 
consists of Fagus syvatica, although Carpinus betulus and Quercus cerris individuals 
are also present. The shrub layer is lacking or sparse. The cover of the herb layer varies 
considerably, and it has a lot of geophytes (e.g. Allium ursinum, Galanthus nivalis, 
Isopyrum thalictroides) and several plants with a sub-Mediterranean character (e.g. 
Calamintha sylvatica, Lathyrus venetus, Ruscus hypoglossum). The stand within the for-
est reserve is ca. 170 years old, and no forestry activities have been carried out since 
1973. On the more xeric sites of the forest reserve, the turkey oak-sessile oak forest 
Potentillo micranthae-Quercetum dalechampii can be found. The canopy is formed by 
Quercus petraea agg. and Qu. cerris, but other species such as Acer campestre and 
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Fraxinus ornus are also typical in the lower canopy (http://www.erdorezervatum.hu/
node/154). Both the shrub (e.g. Cornus mas, Crataegus monogyna, young individuals of 
Fraxinus ornus and Acer campestre) and the herb layers (e.g. Helleborus odorus, Melica 
uniflora) are well developed. A detailed survey of the canopy, shrub and herb layers of 
the whole core area had been executed between 2011-2013., according to the Forest 
Reserve Research Protocol (Horváth et al. 2012). 

Five sampling sites in the core area are situated in a stand above 130 years, belonging 
to the most valuable old-growth stands of Mecsek Mountains. Abandoned since the 
1970’s, natural forest dynamic processes take place here (gap building, accumulation of 
a considerable amount of deadwood of various ages and sizes, spontaneous regenera-
tion). 

Eight sampling sites are placed in the buffer zone, which is characterized by horn-
beam-oak (Asperulo taurinae-Carpinetum) and turkey oak-sessile oak forests (Potentillo 
micranthae-Quercetum dalechampii); and secondary stands consisting of turkey and 
sessile oak, with a smaller amount of non-native species (e.g. Pinus sylvestris, Robinia 
pseudacacia). Stands in the buffer zone are of different ages (1-80 years) and of complex 
structure. According to the prescriptions of the Forest Act of 2009, continuous cover 
management (group felling) is realized in the buffer zone, complemented by planting of 
small oak sapling in the open parts. These management results in a mosaic of different 
stands, partly with dense shrub layer and with old tree groups, providing a rich habitat 
complex for small mammals.

Fig. 1. Naturalness and age-group map of the Kőszegi-forrás Forest Reserve
 in the neighborhood of the sampling sites
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Grid-based microhabitat mapping and environmental variables
Grid-based microhabitat mapping was executed by a purposefully developed unique 

method, published first in this paper. 13 small mammal sampling sites, 36 traps in each, 
were permanently marked in the forest reserve, and divided into 36 individual micro-
quadrats of 5×5 m positioned with the traps in their centre. Environmental variables were 
estimated in a total of 468 micro-quadrats were mapped. 

Environmental variables, relevant for small mammals and describing habitat complex-
ity were selected, based on literature. Many studies show that height and cover of veg-
etation layers, especially of herb layer, even its species composition, are relevant for 
small mammals (e.g., Suchomel et al. 2009, Rossell & Rossell 1999, Heroldová et 
al. 2008). The abundance and thickness of the dead wood is a key feature of natural state 
in the forest reserves (Dudley et al. 2006) which is important role for small mammals 
as hiding places and food resource (Stevens 1997). Many of case studies investigated 
the relation between abundance and thickness of dead wood, cut logs, presence of wood-
piles and spatial distribution and microhabitat use of appear small mammals species (e.g. 
Chambers 2002, Miklós & Ziak 2002, Lin & Shiraishi 1992). 

Fig. 2. Location of botanical quadrats around of each small mammal trapping point
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Survey of environmental variables
13 sites of small mammal trapping quadrats (900 m2 each), situated in different forest 

types, were mapped in the Kőszegi-forrás Forest Reserve (Fig. 1.). Environmental vari-
ables were documented in a grid covering each of the quadrats in summer 2013. 

Environmental variables, relevant for small mammals and describing habitat complex-
ity were selected, based on literature. Many studies show that height and cover of veg-
etation layers, especially of herb layer, even its species composition, are relevant for 
small mammals (e.g. Suchomel et al. 2009, Rossell & Rossell 1999, Heroldová et 
al. 2008). The abundance and thickness of the dead wood is a key feature of natural state 

Table 1. Description of environmental variables
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in the forest reserves (Dudley et al. 2006) which is important role for small mammals 
as hiding places and food resource (Stevens 1997). Many of case studies investigated 
the relation between abundance and thickness of dead wood, cut logs, presence of wood-
piles and spatial distribution and microhabitat use of appear small mammals species (e.g. 
Chambers 2002, Miklós & Ziak 2002, Lin & Shiraishi 1992). The measured abiotic 
and biotic variables are summarized in Table 1. 

Trapping method
13 sites of small mammal trapping quadrats (900 m2 each), situated in different forest 

types were used. The trapping method applied in each of the plots was capture-mark-
recapture (CMR), with 6×6 live-trapping plastic box traps (75×95×180 mm), placed in 
5 m distance from each other. Small mammal monitoring was done eight trapping peri-
ods in 2013: from March to October. In every month, a standard five-night capture occa-
sions was carried out. Just like the traps themselves, the trapping technique was also 
alike in all cases: bacon and cereals mixed with aniseed extract and vegetable oil were 
used as bait. The traps were checked one times a day in the morning. Captured animals 
were marked individually and we also recorded the sex (by females: gravidity or lacta-
tion too), age and body mass.

Statistical methods
Sites were grouped by cluster analysis (Ward’s method) using normalized values of the 

16 environmental variables. Segregating variables were identified by principal compo-
nent analysis (PCA). Statistics were calculated using the PAST free software (Hammer 
et al. 2001). Differences between the abundances of dominant small mammal species 
(Apodemus flavicollis (Afl), Apodemus sylvaticus (Asy) and Myodes glareolus (Mgl) in 
the whole study area and in the different site groups determined by the cluster analysis 
were analysed by Pearson’s χ2 test. 

In case of each investigated rodent species the distribution of the yearly number of 
captures was tested with nonparametric Kruskal-Wallis median test among the different 
forest types.  When significant differences were detected in the Kruskal-Wallis test, we 
employed the Mann-Whitney U tests with the Bonferroni correction for post hoc multi-
ple comparisons (Zar 2010). 

Results

According to the cluster analysis based on the 16 environmental variables, the 13 sites 
were segregated into three groups: young stands (1) (sites 1, 11); disturbed stands (2) 
(sites 2, 3, 5, 10, 12); old stands (3) (sites 4, 6, 7, 8, 9, 13) in the core area and in its close 
neighborhood. The oldest beech stands were segregated inside this group (Fig. 3). 
Disturbed stands had been affected either by clear-cutting 15 years ago, or by artificial 
gap regeneration complemented by planting seedlings (Fig. 3.). Regarding relevant 
variables, differentiating between groups, young stands (Group 1: sites 1 and 11) were 
associated positively to variables characteristic for young managed stands (age: 20-50 
years) after a recent thinning: lots of cut stumps and thin deadwood (D<10 cm) and 
relatively low canopy cover, and negatively to high canopy cover and quantity of medi-
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um and thick deadwood (D 10-40 cm, D>40cm). Disturbed sites (Group 2: sites 2, 3, 5, 
10, 12) were associated positively to cover and height of shrub layer; negatively to 
canopy cover and quantity of all types of deadwood. They display the characteristic 
physiognomy of stands managed with gaps: well-developed shrubs in the gaps and dead-
wood removal (Fig. 4.). 

Fig. 3. Separation of the three habitat groups according to the results of cluster analysis

Fig. 4. Segregation of the three group were supported also by PCA (Fig. 3), where 77,3% of 
total variance was explained by the first two axes (61,8% and 15,5% accordingly)
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Old stands (Group 3: sites 4, 6, 7, 8, 9, 13) associated positively to canopy cover, to the 
quantity of medium and thick deadwood and to litter cover; negatively to cover and 
height of shrub layer, thin deadwood (D<10 cm)  and number of cut stumps. According 
to these results, old abandoned stands are characterized by a canopy above 80% cover 
(not old enough yet for gap opening), large deadwood and thick litter layer due to pro-
fuse foliage production; lack of management is indicated by the lack of cut stumps; they 
may be regarded as most natural stands (Fig. 4.).  

Abundance values of the three dominant small mammal species were compared 
between these three groups. Apodemus flavicollis was highly dominant on the whole 
area and in each of the types too. Other two species occurred in smaller numbers. 
Myodes glareolus dominated over Apodemus sylvaticus in old and disturbed stands, but 
their relation was the opposite in young stands (Fig. 5.). Differences in abundances of 
species were significant in the whole area and also in each of the types, compared to the 
theoretical even distribution (whole area: χ2 = 468.5, P < 0.001, young stands: χ2 = 
131.9, P < 0.001; disturbed stands: χ2 = 269.02, P < 0.001; old stands: χ2 = 107.4, P < 
0.001) (Fig. 5.). 

Differences was found also regarding habitat use of the species. Apodemus flavicollis, 
occurring in large numbers in each of the three types, displayed significant differences 
between the types (H = 18.31, P < 0.001). Young and disturbed stands were preferred, as 
shown by significant differences of capture numbers (post hoc tests P < 0.001 for young 
and old, and disturbed and old stands). 

Abundance distribution of Apodemus sylvaticus was similar to that of Apodemus fla-
vicollis. It was captured in largest numbers in the young stands, in smallest number in 

Fig. 5. Capture number of dominant species within the whole area (a) 
and the habitat groups (b, c, d)
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the old ones (post hoc test: P < 0.001); significant difference was found between dis-
turbed and young stands also (post hoc test: P < 0.05).

Myodes glareolus also has shown significantly different abundance values between 
habitat types (H = 5.59, P < 0.01), but this species displayed a distribution pattern just 
opposite to Apodemus species. It was extremely abundant in the old stands and occurred 
in very low numbers in the young stands (post hoc test: P < 0.001). Capture numbers 
differed significantly also between other habitat combinations. 

These results show that different species segregate by habitat types. Both Apodemus 
species prefer young and disturbed stands, till Myodes glareolus displayed opposite 
distribution, avoiding former ones (Fig. 6.). 

Fig. 6. Average number of captures for one quadrat of species in different macrohabitats 
(Y: Young stands, D: Disturbed stands, O: Old stands)
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Discussion

Habitat segregation of three dominant small mammal species in forest stands differing 
by age and structure were analyzed using faunistic and environmental data of 13 small 
mammal trapping quadrats in the Kőszegi-forrás Forest Reserve. Based on 16 environ-
mental variables three markedly different stand types were identified, as young (sites 1, 
11), disturbed (sites 2, 3, 5, 10, 12) and old stands (4, 6, 7, 8, 9, 13), representing also 
different levels of naturalness due to different forestry management (thinning, gap man-
agement, abandonment). 

Our results supported that proper identifying of site types is of key importance in stud-
ies on macrohabitat association of small mammals. Although visual habitat grouping is 
appropriate in case of habitats of apparently different structure or in topographically far 
from each other, as e.g. in the habitat differentiation study of Jüch (2000) on four struc-
turally different habitats (forest, shrubland, burned shrubland and grassland); more other 
studies also demonstrate the usefulness of this type of grouping (e.g. Stevens et al. 2009, 
Prevedello et al. 2010). However, in case of habitats of complex structure, neighboring 
or spatially close to each other, as it was in our case, checking the visual differentiation 
by statistical methods, using field-based data may be advisable. Differentiation of habi-
tats in forests of complex structure may be tested by different statistical methods (e.g. 
Orrock & Pagels 2003, Morris 1984); however, ordination also was used by 
Harrington (2006) and Manson et al. (1999) like our study. 

Our results suggested that small mammal species occur in different numbers in the 
types identified by multivariate methods, according to their macrohabitat preferences. 
Younger, more fragmented, managed stands were preferred by Apodemus flavicollis. 
Similar results are reported e.g. by Suchomel et al. (2009) and Tattersall et al. (2001). 
According to our data, Apodemus sylvaticus also preferred stands of younger ages. 
Literature data demonstrated that this species is less selective, using a wider spectra 
available habitats (Gurnell 1985, Marsh & Harris 2000, Suchomel et al 2012). 
Contrasting to the two Apodemus species, Myodes glareolus occurs in the old-growth 
stands of the core area in the highest numbers, so it may regarded as an indicator of high 
naturalness. Studying the coexistence of Apodemus flavicollis and Myodes glareolus 
Miklos & Ziak (2002) found that Apodemus flavicollis occupies microhabitats of 
younger age with more dense undergrowth, shrubs and deadwood, when occurring 
together with Myodes glareolus.  

Our results proved that small mammal species segregate according to macrohabitat 
types. One more question is, whether refining the spatial scale of the study provides 
more comprehensive data on association of certain small mammal species to certain 
environmental variables; and whether micro-scale variables may yield a more appropri-
ate grouping of the study sites. In the future, the analysis of environmental data on the 
„trap scale” (5×5m) is planned. Studying the microhabitat association of small mammal 
species in these same fixed quadrats, the comparison of habitat association both on 
micro- and macro-scale will also be possible. 

The naturalness of forest management technologies influences the creation and sub-
sistence of macro- and microhabitats in forests in a large extent (Orrock et al. 2000). 
Retaining deadwood or shrubs may increase naturalness, till clear-cutting of large areas 
or the removal of dried-out trees causes degradation. Accurate revealing of habitat asso-
ciation of small mammals on micro and macro scale may greatly support the long-term 
conservation of protected and/or endangered small mammal populations (e.g. Sorex 
araneus, Microtus agrestis), and the development of proper near-natural forest manage-
ment methods. 
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