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Spatial organization and home range size of Apodemus flavicollis and A. agrarius were studied
in a forest community (Orno-Quercetum petraeae) at Avala mountain (Serbia). From 1997-1999
a mark-recapture method on a 4 ha study plot was used to follow both species. Observed range
length (ORL) and home range area (HR) were calculated for individuals recaptured 4—6 times.
A. flavicollis had a smaller home range than A. agrarius, while males of both species had
larger home ranges than females. The differences were significant for species but not for
sexes. Both species had similar values of ORL and HR in periods of low density of both spe-
cies, high density of both species and in periods of high density when the other species had low
density. The magnitude of ORL and HR expansion in periods of low density was significantly
smaller when the other species was in present in high density. This effect was more pro-
nounced in A. agrarius than in A. flavicollis. We suggest that differential micro-habitat utiliza-
tion within the study area by the two species was partly responsible for this phenomenon.
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INTRODUCTION

Understanding the spatial organization of animals is a general problem faced
by ecologists, especially the determination of biological factors which affect spac-
ing pattern. Spacing patterns, in turn, are frequently evaluated by estimating indi-
vidual home range size and overlap. A home range is defined by BURT (1943) as
“... the area traversed by individuals of a species in their normal activities of feed-
ing, mating and caring for their young”. Since “normal” activities are difficult to
define, ANDERSON (1982) and BLUNDELL et al. (2001) define home range as the
probability of locating an animal at a particular place by using a utilization distri-
bution based on relative frequency of location. The utilization distribution repre-
sents space use, which is generally described by home range size and habitat com-
position. The home range may vary with sex, age, season, population density and it
is in direct functional dependence of essential requirements for food, reproduction
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and shelter (ADAMS & DAVIS 1967, HAMAR & SUTOVA-HAMAR 1969, BURGE &
JORGENSEN 1973, FERNANDEZ et al. 1996).

The spatial distribution of small rodent species was analyzed by many au-
thors (SZACKI & LIRO 1991, MONTGOMERY & DOWIE 1993, MARSH et al. 2001).
However, it is not entirely clear how individual species occupy the habitat when
they co-occur, and how they interact. A crucial resource in the social organization
of mice is space. Apodemus females are territorial when breeding (WOLFF 1993)
and maturation and reproduction in mice are regulated socially through the posses-
sion of a territory. Based on evaluation of density values, GLIWICZ (1981) indi-
cated negative associations between A. flavicollis and A. agrarius and suggested
significant overlap between the food resources as the cause for competition, but he
also mentioned competition for hiding places as an alternative hypothesis. Accord-
ing to MAZEIKYTE (2002) A. flavicollis is being dominant over A. agrarius and
likely compete by interference and aggression.

A rodent community of the yellow-necked mouse, Apodemus flavicollis, and
the striped field mouse, A. agrarius, are typical for forest ecosystems on Avala
mountain. These species coexist, and are the only rodent species, within an Orno-
Quercetum petraeae community on Avala mountain. They are both residents of
forest communities in Serbia, usually co-occurring with several other rodent spe-
cies (Clethrionomys glareolus, A. sylvaticus, Microtus arvalis, and Pitimys subter-
raneus). During the 3-year study period only two specimens of Microtus arvalis
and one of the doormouse, Glis glis, were registered. The yellow-necked mouse is
characterized by greater mobility and is strongly dependent on the forest environ-
ment (MONTGOMERY 1985). The striped field mouse is a species typical for the ag-
ricultural field-forest habitat mosaic (KOZAKIEWICZ et al. 1999). While there are
extensive data from Europe, there have been relatively few studies of these species
in Serbia.

As part of a larger study (VUKICEVIC 2002) in this paper we investigated the
home range of A. flavicollis and A. agrarius, in order to analyze their spatial orga-
nization. Specifically we reported data on the home range size of these species, and
analysed possible inter- and intra-specific density-dependent effects. Further,
bearing in mind the known similarity in bionomic characteristics of these species
we analyzed their micro-habitat preferences in a heterogeneous forest environment
and commented on their spatial structure related to differential micro-habitat utili-
zation and overlap in habitat use.
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MATERIALS AND METHODS

We carried out the study in an oak community (Orno-Quercetum petraeae) at Avala mountain
(44°45’E, 18°10’N), located near Belgrade, Serbia. On the study area (4 ha), the over-storey height
was 10-20 m with tree diameters ranging from 10-40 cm. Among the tree species, Quercus petraea
predominates, accompanied by Fraxinus ornus and Carpinus betulus. The canopy cover was 70%. The
middle-storey (0.5-5 m height) is well developed, covers 20-100% and composed mainly of Acer
campestre, Prunus avium and Tilia tomentosa. The understorey and ground cover are variable, domi-
nated by Rubus hirtus (10-100% cover), while Dactylis glomerata, Lonicera caprifolium, Fragaria
vesca, Galium aparine are locally important. As the floristic composition varied in different parts of
the grid, four micro-habitat patches were identified: A — Close canopy of mature Quercus petraea; B
— Open canopy of mature Quercus petraea, Fraxinus ornus and Carpinus betulus; C — Very few ma-
ture trees, dense field layer of Acer campestre, Prunus avium and Tilia tomentosa; D — No mature
trees, very dense Rubus hirtus (Fig. 6a).

Small mammals were trapped during a three year period (1997-1999). A square trapping grid
of 400 points (10 by 10 m) was used, with a Longworth trap at each point. Trapping was performed
every month for 4 days and 3 nights. The study was conducted by the capture-mark-release (CMR)
method. Each individual was marked by a combination of ear-punching and toe-clipping when
trapped for the first time. Percentages of the trap station occupied were calculated for each trapping
session, and the distribution of captures on the trap-grid was superimposed onto the microhabitat
patches in order to assess possible differences in microhabitat use between species. The percentage of
intra- and interspecific overlap (Ov%) in trap use was calculated (Ov(%) = (Ns/T) x 100; Ns=number
of traps shared by two or more individuals, T=total number of traps used, LOFGRAN 1995) and used as
an indicator of microhabitat selectivity. Population densities were estimated by the JOLLY—SEBER
method (JOLLY 1965, SEBER 1965). From the observed densities we identified periods of high or low
density for both species, leading to four possible density-species combinations for subsequent analy-
ses (two levels per species).

Home range area (HR) was estimated by the inclusive boundary strip method (STICKEL 1954).
As an index of home range, the maximum distance between traps where an individual was captured
(observed range length = ORL) (MAZURKIEWICZ & RAJSKA-JURGIEL 1998) was calculated. Since
preliminary analyses showed that ORL and HR were not normally distributed a (In+1)-transforma-
tion and correction for bias related to number of trapping occasions was applied to the data. Subse-
quent test of normality by Shapiro-Wilk W test and Levene’s test of homogeneity of variances
showed non significant values for all the reported ANOV A breakdowns. Two-way factorial ANOVA
designs using the Statistica 5.1. package (STATSOFT Inc., 1998, Statistica for Windows. Computer
Program Manual. Tulsa, OK, USA), were performed on ORL and HR as follows: a) a sex by species
analysis; b) a density by species analysis.

RESULTS

During the study period, we marked 2032 individuals, (1524 A. flavicollis,
508 A. agrarius). The ratio of males and females were 52.5:47.5% for A. flavicollis
and 57.5:42.5% for A. agrarius. Trap success ranged from 7 to 45% for yellow-
necked mouse and from 1 to 10% for striped field mouse. Abundance of both spe-
cies varied markedly over the period of the study (Fig. 1a, b). Maximum popula-
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tion densities of A. flavicollis peaked twice, once in June of 1997 (85 ind./ha), and
once in June of 1998 (47 ind./ha). Lowest density was registered in January 1999
(3 ind./ha). A. agrarius populations peaked in April 1997 (21 ind./ha) and in Sep-
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Fig. 1. Population densities of A. flavicollis (A) and A. agrarius (B) during the study period. The base
line indicates arbitrarily defined periods of high versus low density
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tember 1998 (32 ind./ha). Minimal density was registered in January 1998 (2
ind./ha). From November 1996 to July 1998 the yellow-necked mice was domi-
nant in this rodent community, accounting for 77.4-90.2% of the specimens, but
both species occurred in almost equal proportions between September 1998 and
January 1999. For home range analyses, two levels of density were distinguished
for both species. In A. flavicollis, 24 ind./ha was taken as a base-line above which a
high density level was recognized, corresponding to November 1996—-March 1997
and May-September 1998. Since A. flavicollis from May to September 1997
showed a range of densities which were higher than the maxima observed in other
periods, the base line was set at 45 ind./ha. All the other periods of the study, were
designated as low density periods. The corresponding periods of high A. agrarius
densities (base-line 12 ind./ha) were March—May 1997 and June—October 1998,
with other months being assigned to low density periods.

We analyzed the capture data of 214 individuals that were recaptured 4-6
times (159 A. flavicollis and 55 A. agrarius) to estimate the size of their home
range. ORL in different trapping sessions varied from 10 to 134 m for yel-
low-necked mice and from 10 to 137 m for striped field mice. The median ORL for
A. flavicollis (AF) was 42.0 m for the males (N = 82) and 42.4 m for females
(N = 77) of A. flavicollis (Fig. 2). The median ORL was 40.6 m for the males
(N =34) and 30.0 m for the females (N = 21) of A. agrarius (AG, Fig. 2). Two-way
factorial ANOVA on the transformed and corrected ORL data testing for differ-
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Fig. 2. Observed range length (ORL) values of A. flavicollis and A. agrarius
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ences between sex and species showed non significant differences between sexes
for both species [AF F(1,157) = 0.12, p = 0.73 and AG F(1,54) = 1.27, p = 0.26].
The differences in ORL were however highly significant between the species
[F(1,213) =44.27, p < 0.001].

The home range values obtained by the inclusive boundary strip method in
case of A. flavicollis varied from 100 to 2300 m?. The median value for males was
625 m? and 551 m? for females (Fig. 3). The home range values in A. agrarius var-
ied from 100 to 2400 m?. The median value for males was 716 m? and 585 m? for fe-
males. No significant difference between sexes was found for both analyzed spe-
cies [F(1,157) = 0.06, p = 0.79 and F(1,55) = 1.39, p = 0.24]. The difference was
highly significant between the species regarding home range [F(1,213) = 40.62,
p <0.001]. For both parameters of home range males had larger home ranges and
greater variation in size than females for both species, while A. flavicollis had
slightly larger values of ORL than A. agrarius, but slightly smaller values of HR
than the other species.

A two-way factorial ANOVA design was used to test for intra- and inter-spe-
cific density-dependent effects on ORL and HR. The comparison was between pe-
riods of high and low density of both species (sexes were pooled) for four possible
density combinations. As seen in Figure 4, the overall pattern of interactions be-
tween intra and interspecific density effects for both species were similar. For A.
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Fig. 3. Home range (HR) areas of A. flavicollis and A. agrarius
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Fig. 4. Least-squared corrected means of observed range length (ORL) values (four possible density
combination showing the interaction effects): A = A. flavicollis, B = A. agrarius
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flavicollis the weighted means of ORL (Fig. 4a) had similar values in periods of
low density of both species (15.2 m), high density of both species (14.9 m) and in
periods of high density when the other species had low density (15.1 m). A signifi-
cant reduction of ORL was observed in periods of low density of A. flavicollis
(10.4 m) when A. agrarius had high density. For A. agrarius (Fig. 4b) the weighted
means of ORL had smaller values by 10% (13.8, 13.5 and 13.4 m, respectively)
than for A. flavicollis, while the reduction of ORL (7.1 m) was more pronounced in
period of low density of A. agrarius when A. flavicollis had high density. This re-
duction accounted for 49% in comparison to the highest ORL observed in the pe-
riod when both species had low density. The ANOVA’s were highly significant at
different combinations of densities for both species [AF F(1,133) = 30.49,
p <0.001), AG F(1,35) = 8.28, p = 0.006].

The same analysis performed on HR showed a generally similar pattern. In
three of four possible combinations the weighted means of HR (Fig. 5) had similar
values. For A. flavicollis, the weighted mean of HR was highest (245.6 m?) in peri-
ods of high density of A. flavicollis, and low density of A. agrarius (Fig. 5a). In the
periods of high density of both species HR was slightly smaller (0.8%), while dur-
ing low density periods of both species HR was smaller by only 3.1%. The smallest
HR (188 m?) was observed in the period of low density of A. flavicollis and high
density of A. agrarius. For A. agrarius the weighted mean of HR was highest
(242 m?) in periods of high density of both species. (Fig. 5b). In the periods of low
density of both species HR was smaller for 5.3%. The smallest HR was observed in
the period of low density of both species (191.4 m?). Contrary to ORL, the ob-
served reduction of HR was more pronounced in A. flavicollis, and was 23.5%
lower than the highest observed HR. The ANOVA’s as before were highly signifi-
cant [AF F(1,133) =22.90, p < 0.001, AG F(1,35) =4.61, p = 0.03].

A further analysis of spatial distribution of A. flavicollis and A. agrarius, was
performed to assess micro-habitat preference and selectivity based on available
data. Yellow-necked mice were caught at every quadrate of the grid during the
study period. On the other hand, individuals of the striped field mouse were not
caught at 168 quadrates of the grid. With micro-habitat variation as encountered on
the study area, it could be expected that mice occupy some parts of the grid prefer-
entially over others. For the study period, we compared the distribution frequency
of captures per grid with micro-habitat units A-D designated on the basis of vege-
tation cover (see above). The distribution of habitat patches A—D and capture fre-
quency per grid cell for both species are illustrated in Fig. 6. The frequency of cap-
ture on the grid was compared with expected random distributions for both species
under the hypothesis that they occurred in the study area irrespective of micro-hab-
itat proportion (Table 1). Statistically significant difference in distribution of
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Table 1. Chi-square values for frequency distribution of A. flavicollis and A. agrarius in the differ-

ent habitat subunits (*** p < 0.001, ** p < 0.01), A — Close canopy of mature Quercus petraea; B —

Open canopy of mature Quercus petraea, Fraxinus ornus and Carpinus betulus; C — Very few ma-

ture trees, dense field layer of Acer campestre, Prunus avium and Tilia tomentosa; D — No mature
trees, very dense Rubus hirtus

A. flavicollis A. agrarius
A 96.8#%%* 10.7
B 44 .8%%* 13.7
C 5.2 57.3%*
D 47.5 158.2%%*

A. flavicollis was found for subunits A and B which are areas of developed tree-
cover (closed or open canopies) of Quercus petraea, Fraxinus ornus and Carpinus
betulus. The distribution of A. agrarius is significantly non-random for habitat
subunits with a dense shrub layer and very dense Rubus hirtus undergrowth with
low or absent tree-canopy covers (units C and D). This pattern suggests that the
species show a degree of habitat preference for the respective units. The percent-
age of inter- and intra-specific overlap in trap use among individuals of two studied
species is presented on Table 2 to provide additional information on microhabitat
selectivity in the absence of other data. The overlap in trap use was generally low.
The highest values were observed (1.7-2%) in July and during the winter (Novem-
ber-January). Intraspecific overlap for A. flavicollis reached maximums in July

Table 2. Percentage of intra- and interspecific overlap in trap use among A. flavicollis and A. agrarius

month Interspecific overlap Intraspecific overlap for  Intraspecific overlap for
A. flavicollis A. agrarius

I 1.7+0.92 1.3+0.72 0.3+0.20
I 0.3+0.17 1.2+0.85 0

111 0.3+0.26 0.5+0.26 0

v 0 1.3+0.56 0.3%0.17
\% 1.3+0.61 1.5+0.87 0

VI 1.0+£0.40 3.3£1.05 0

VIl 2.0+0.66 4.5+1.95 0.5+0.30

VIII 1.1+£0.46 3.3+1.49 0.3%£0.26
X 1.0+0.36 3.3+0.96 0
X 0.3+0.20 1.4+0.60 0

XI 1.7£0.26 0.3+£0.26 0

XII 1.8+£0.78 1.8+0.85 0

Acta zool. hung. 52, 2006



SPATIAL ORGANIZATION AND HOME RANGE OF TWO APODEMUS SPECIES IN SERBIA 91

(4.5%) and was at a minimum in November (0.3%), the highest percentages were
observed in the summer months (3—4.5%). During the studied period, intraspecific
overlap in the trap use for A. agrarius was smaller by an order of magnitude (<1%).
If we compare inter- and intra-specific overlap, we can note that A. flavicollis over-
lap measures are larger for intra-specific trap use, while the reverse is true for A.
agrarius, suggesting that it tends to overlap within the grid more with the other
species than with itself. We see this as an indication that the yellow-necked mouse has
lower micro-habitat selectivity within its preference than the striped field mouse.

DISCUSSION

Many authors assessed spatial relationships among the most abundant small
rodent species by estimating their home rage size (RANDOLPH 1977, WOLTON &
FLOWERDEW 1985, KOZAKIEWICZ et al. 1993). There are no studies where the yel-
low-necked and striped field mice are the single members of the rodent commu-
nity. Typically, A. flavicollis and Clethrionomys glareolus, as the dominant gener-
alist species in European deciduous forest areas, were the objects of the home
range investigations (BERGSTEDT 1966, ANDRZEJEWSKI & MAZURKIEWICZ 1976,
KARLSSON & AS 1987). The mature deciduous forests are the favoured habitat of
A. flavicollis, and it is restricted to areas where sufficient plant diversity ensures an
adequate food supply each year (MONTGOMERY 1985). Striped field mice, how-

a) Distribution of vegetation cover b) Distribution of 4. flavicollis on the grid  ¢) Distribution of 4. agrarius on the grid

-.

i
Legend for a) Legend for b) and ¢)
A — Close canopy of mature Quercus petraea; >1.5% of total captures
B — Open canopy of Quercus petraea, Fraxinus ornus and Carpinus betulus; 1.0-1.5% of total captures
C — Dense shrubs of Acer campestre, Prunus avium and Tilia tomentosa; 0.5-1.0% of total captures
D — No mature trees, very dense Rubus hirtus undergrowth. 0.0-0.5% of total captures

Fig. 6. Correspondence of vegetation cover (a) and capture frequency of both species (b, ¢) on the
grid as an indicator of their habitat preferences
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ever, are commonly found in grassy fields, cultivated areas, and woodlands in that
order (CHELKOWSKA et al. 1985). The trophic niches of both studied species are
similar. Both are granivorous, with seed and fruits of trees being their predominant
food resource. The yellow-necked mouse is more of a seed specialist and supple-
ments its diet with up to 20% of invertebrate food, while the striped field mouse
has more varied diet with up to 40% invertebrate supplement (HOLISOVA 1967,
OBRTEL & HOLISOVA 1974). GLIWICZ (1981) pointed out that A. agrarius holds
an inferior position in the community and that other rodents strongly influence its
population processes. HORVATH and WAGNER (2003) investigated patterns of co-
existence of all these three species in riverine forest habitats of Southern Hungary.
They found that C. glareolus and A. agrarius have constraining effects on the den-
sity and spatial distribution of A. flavicollis. They suggested that significant over-
lap in food resource utilization and competition for hiding places were alternative
hypotheses which explained the observed negative interactions. They also stressed
that the relations between these species was highly influenced by the qualitative
characteristics of their habitat as reported by KOZAKIEWICZ et al. (1993). KOZA-
KIEWICZ and BONIECKI (1994) showed that intolerant behaviour (aggression) is
likely to evolve between C. glareolus and A. agrarius. In contrast to other reported
studies, in this case A. flavicollis and A. agrarius coexist as the only rodent species,
within a typical Orno-Quercetum petraeae community for Serbia.

The problem of choosing adequate methods for home range evaluation is
linked, especially for very mobile small mammal species, to the problem of results
interpretation (GURNELL & GIPPS 1989, ROGERS & GORMAN 1995). As seen from
our results A. flavicollis had a larger range length than A. agrarius, and their fe-
males had larger ORL than males, while this relation was opposite regarding to A.
agrarius. Concerning ORL and home range size no significant differences were
found during the studied period regarding sex. We see that observed variances of
these parameters were higher in males than in females for both studied species. The
differences in ORL were higher for females (ORL was smaller for 29.2% in A.
agrarius) than for males (ORL was smaller for 3.3%). With respect to the other pa-
rameter, home range area, A. flavicollis had a smaller home range than A. agrarius
(HR of males was smaller for 12.7%, and for females for 5.8%), while males of
both species had larger home ranges than females. The differences were significant
for species but not for sexes. Although our reported differences are statistically
verifiable, even by casual inspection of Figures 2 and 3, we see that the magnitudes
of variation observed in our data were very large — in fact much larger than the
magnitude of differences. We can further see that the magnitude of species’ differ-
ences is significant largely because of the large sample sizes in the analysis. Our
estimates of ORL and HR are comparable with the results reported in several other
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studies (TODOROVIC et al. 1968, ZEIDA & PELIKAN 1969, MAZURKIEWICZ &
RAJSKA-JURGIEL 1998).

Changes in home range size with variation in the density of forest rodent
were observed by many authors (WOLFF 1985, BUJALSKA & GRUM 1989, MA-
ZURKIEWICZ & RAJSKA-JURGIEL 1998) and are considered to be inversely related
to both resource abundance and species density. Further, resource limitation and
higher selectivity (or lower efficiency) in resource use are seen as leading to stron-
ger density-dependent effects. The usual mechanism invoked is the strengthening
of intra- and/or inter-specific competition intensity resulting in a density-dependent
reduction in home range. Competition intensity is further seen as coupled with in-
terference mechanisms, leading to aggressive behaviour patterns, stronger territo-
riality and age or socially dependent dispersal (ODUM & BARRET 2005, KREBS
2001, PTANKA 2000). Densities of A. flavicollis and A. agrarius varied consider-
ably over the study period and we expected that this variation should influence
home range. Our results show that both species hold larger home ranges in periods
of low density and slightly smaller in periods of high density, but the magnitude of
ORL and HR expansion in periods of low density was significantly smaller when
the other species was in present in high density. This effect was more pronounced
in the subdominant A. agrarius than in A. flavicollis, the differences being more
pronounced for ORL than HR. Generally, the results were as expected, although
we cannot identify the particular mechanism of density dependence from our data.

The analysis of spatial relationships was performed in order to discover
whether or not both species inhabited the same patches of habitat. Spatial distribu-
tion of many species depends on the distribution of necessary resources — food and
abundance of shelter. Even in ecologically similar species, selective use of mi-
cro-habitats can be a mechanism to promote coexistence and reduce possible nega-
tive interactions. Our results indicate differential space exploitation within habitats
by the two species. The habitat patches preferred by A. flavicollis were those with a
dense and closed tree canopy dominated by Quercus petraea. Individuals of A.
agrarius inhabited patches with dense shrub covers or dense Rubus hirtus under-
growth with low canopy cover or treeless. Both correspond to their bionomic affili-
ations — the yellow-necked mouse as a typical forest dweller occupying forest-like
patches, while the striped field mouse is seen as being less selective for forest habi-
tats and occurring in more open field-like patches. Again, as for the other analyses
reported in this study, although differential habitat preferences are statistically ver-
ifiable, the distribution of the species on the study plot overlapped highly (as did
the overlap in trap use) and prevented detailed explorations of possible mecha-
nisms.
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In summary, our results showed that both species have home range sizes
comparable to other reported data. The heterogeneous habitat of the study area pro-
moted coexistence of both species by offering possibilities for differential micro-
habitat utilization based on bionomic preferences. A. agrarius was seen as being
more selective in habitat use than the dominant A. flavicollis. Density dependent
reduction of home ranges was less pronounced in periods of high density both
intra- and inter-specifically. Reductions in home range were markedly larger when
inter-specific differences in density were large. We surmise that when both species
have low or high density, they are more confined to their preferred habitat patches,
while competition-induced spill-over occurs between patches when differences in
density are large, leading to the observed reduction in home range size.
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