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Abstract:

The neighbour relationships of territorial male and female M. spicilegus were examined in summer in
the field in order to clarify their role in spatial behaviouur of individuals in this period. The field research
was held in an agricultural field in Northern Bulgaria. The Capture-Mark-Recapture method was used.
Neighbour relationships between territorial mound-building mice in the habitat were studied in intraspe-
cific male-male and female-female dyadic encounters. Each mouse was tested with at least two others,
but captured at a different distance. Several indices of spacing behaviouur such as recapture rate, distance
of recaptures, spatial associations and home ranges were analysed as well. Results indicated that females
had higher recapture rate and higher frequency of recaptures than males, but males had longer distance of
recaptures. Males responded significantly less aggressively to their immediate neighbours than to more
distant ones. In contrast with males, females tended to be more aggressive to their immediate neighbours
than to more distant ones, and their home ranges were separated. The reasons for the displayed behaviouur

of male and female M. spicilegus are discussed.
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Introduction

The mound-building mouse, Mus spicilegus Petenyi
is an outdoor species from southern-eastern Europe,
adapted to agroecosystems (OrsiNt et al. 1983,
BoNnHoMME 1992, SAGE et al. 1993, SokoLov et
al. 1998, Mitsamas et al. 2009). In the beginning
of autumn, mound-building mice build complex
mounds, in which they spend the winter. According
to CANADY et al. (2009), HoLzL et al. (2009), HoLzL
etal. (2011a,b), Szenczi et al. (2011), mounds could
be used for food storage, thermoregulation, water
insulation, and protection from predators. Evidence
suggests that mound building appears to be kin
based (Garza et al. 1997, PoTEAUX et al. 2008). In
spring, mound-building mice leave the mound and

begin to reproduce in agricultural fields (Orsini et al.
1983, MiLisHNIKOV et al. 1998, SokoLov et al. 1998,
SmMEoNOVSKA-NIkKoLova 2007, Gouart et al. 2003a,
PoteAUX et al. 2008). According to PoTEAUX et al.
(2008) M. spicilegus females are philopatric, while
males disappear in spring, which allows inbreed-
ing avoidance. Little is known about the behavioral
mechanisms determining the social structure and or-
ganization of mice in breeding period.

Many studies on rodents reveal that interactions
between neighbors play a major role in determining
the spatial distribution and reproductive success of
mice (MackintosH 1981, HursT 1987, GrAY, HURST
1997). In previous field research, SIMEONOVSKA-
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Nikorova (2007) found that during the breeding pe-
riod, home ranges of female mound-building mice
are separate, suggesting behavioral mechanisms of
home range separation such as aggressive behav-
ior towards other females, and active avoidance of
contact. Research conducted under laboratory and
semi natural conditions showed that male as well as
female M. spicilegus are aggressive towards unfa-
miliar individuals, but that mice are more tolerant to
familiar individuals (PaTris, BAUDOIN 1998, PATRIS et
al. 2002). However, studies on social relationships
of feral male and female M. spicilegus in natural
habitats have not yet been made. Therefore, in the
present study the neighbor relationships of male and
female M. spicilegus were examined with dyadic en-
counter tests in the field in summer in order to clarify
their role in determining the spatial structure and or-
ganization of mice in this period. It was hypothesized
that in summer period, when M. spicilegus is terri-
torial, both males and females should respond less
aggressively to their close neighbors than to the rest,
as suggested of other territorial species (WOLFF et al.
1983, YDENBERG et al. 1988, ROSELL ef al. 2008). At
the same time, territorial behavior also predicts an
important role for other cues like resource potential,
habitat structure and resource distribution, density,
sex ratio, mating strategy (KreBs 1982, Gray, HURST
1997, JENSEN et al. 2005). In this connection, densi-
ty, demographic structure and spatial associations in
the population of M.spicilegus were followed from
early spring, when animals start to disperse until late
summer before they begin construction of mounds.
Although the monogamous system in this species
has been determined by experiments conducted in
the laboratory and in outdoor enclosures (PATRIS,
Baupoin 1998, 2000, Patris et al. 2002, DoBsoN,
BaupomN 2002, BauboN et al. 2005), the spacing
pattern of animals established in the field by using
of CMR method rather tends toward facultative po-
lygyny (Gouar et al. 2003b, SIMEONOVSKA-NIKOLOVA
2007, PoTeAUX et al. 2008). Based on this, it was
supposed that males should put more effort into ter-
ritorial defence than females.

According to IUCN Red List of Threatened
Species the population trend of M. spicilegus is de-
creasing (Corolu et al. 2008). Knowledge of behav-
ioral mechanisms underlying the spatial behavior of
M. spicilegus could be relevant to the preservation of
the species and the management of its populations.
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Material and methods

Study area and study animals

The present study was conducted in Danube Plain in
Northern Bulgaria (43°17°N, 24°12°E). The climate is
continental, with cold winter and warm summer. The
average temperatures vary from -2 °C to 2 °C during
winter (December-February) and from 20 °C to 23 °C
during summer (June, July and August). Precipitation
is 150 mm during summer and 70 mm during win-
ter. However, during the summer period of 2008 in
the study region the average temperatures were 1 °C
higher and precipitation was about 32 mm lower than
the common sum of rainfalls for that period.

The study was conducted in 1 ha secondary
ecosystem, which was in succession on the place of
an agroecosystem of Helianthus annus L. As a result
of the succession, dominant and most widespread
species was Matricaria inodora, whereas the rest
species in the weed community such as Sorghum
halepensis, Cirsium arvensis, Erigeron canadensis,
Rumex sp, Lathyrus sp., Viola arvensis, Euphorbia
cyparisies were occasional. The rodent community
consisted of 4 species: Microtus arvalis, M. spicile-
gus, Apodemus sylvaticus and Apodemus agrarius.
The ecosystem was situated at least 6 km away from
the closest village around.

Trapping procedure

Five-seven day trapping sessions was held in spring
(first half of April 2008), and summer (first half of
July and second half of August of 2008). Animals
were trapped with Sherman live traps located in a 10
x 10 m grid in the habitat patch. Traps were baited
with oat flakes, set in the evening and checked at 6:00-
8:00 a.m. The Capture-Mark-Recapture method was
used (JonEs et al. 1996, McWiLLiam 2002, RusseL J.
2003). At first captured individuals were marked by
toe-clipping. At each capture the following were re-
corded: trap location, individual number, sex, body
mass to +1 g and reproductive status (females: preg-
nant, lactating, or perforated vagina; scrotal testes
for males). The age of each animal was determined
on the basis of its body mass and reproductive status
(SMeoNOVSKA-NIKOLOVA 2007). Males with testes in
the scrotal position and females which were pregnant,
lactating, or had a perforated vagina were considered
as reproductive. Having in mind that the visual de-
tection of pregnancy becomes secure only during the
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last week of gestation (Gouar et al. 2003a), a female
was considered to be pregnant, when pregnancy was
clearly observed or when its vagina was closed and
its body weight exceeded 19 g.

Several indices of spacing behavior such as re-
capture rate, distance of recapture, frequency of re-
capture, spatial associations and home ranges were
analyzed. Many of these indices were adapted from
similar studies on M. spicilegus (Gouat et al. 2003b,
BaupoN et al. 2005, SiMEONOVSKA-NIKOLOVA 2007)
and other rodent species (Gromov et al. 2000, Wu,
Yu 2004). The frequency of recapture and distance
of recapture were represented by the median. M. spi-
cilegus home ranges were established by using the
exclusive boundary method (NIkiTINA 1965). The sig-
nificance of sexual differences between these indices
was checked by Mann-Whitney U test at p < 0.05.

Experimental procedure and behavioural
observations

Presuming that numerous individuals disappear in
spring, the encounters were performed only in sum-
mer period. Encounters were performed within an
arena made of transparent Plexiglas (50 cm wide
x 50 cm high x 50 cm long) situated in the same
habitat patch. The duration of every encounter was
5 min. The encounters were conducted between 8:00
a.m. and 10:00 a.m. A total of 29 encounters were
run: 12 male-male and 17 female-female (12 be-
tween non pregnant and 5 between pregnant mice)
involving 10 male and 15 female individuals. All
tested mice were adults. Five females were visibly
pregnant. The encounters were performed between
territorial animals of the same sex, captured and
marked on previous days or trapping session. Each
mouse was tested with at least two others, but cap-
tured at a different distance. Repeated tests were on
different days. Only 2 individuals were tested twice
in the same day, but in an 1 hour interval.

Both animals were put simultaneously in the
arena, one on each side. A transparent wall separated
the arena in two parts of equal size. After a period
of 3 min for acclimatization, the transparent wall
which separated the arena in two parts was care-
fully removed so that interaction between the two
mice could occur, and the 5-min observation period
started. Between each trial, the arena was thoroughly
cleaned and wiped with alcohol. Immediately after
the encounters were finished, individuals tested were
put again into their respective traps and carried back
to their trapped position.

Behavior of mice was registered by shorthand
into the protocols. Then, behavioral events were
listed and categorized as follows: Agonistic be-
havior — Offensive behavior (threat, attack, fight,
chase, offensive-upright and sideways postures),
and Defensive behavior (defensive-upright posture,
retreat, running away, jumping apart), Amicable
behavior (approaching, following, nose-nose, nose-
anal, nose-body, passing above, grooming, clamber-
ing on, and standing side by side). Patterns of behav-
ior and terms used in each pattern were cited from
other studies on rodents (MackiNTosH 1981, LIVOREIL
et al. 1993, CirAkova, FRYNTA 1996). The number of
behavioral events demonstrated were calculated for
each encounter and averaged for male-male and fe-
male-female encounters. The results are represented
by the median and the dispersion — by the extremes.
To compare specific levels of agonistic and amica-
ble behavior between males and females, data were
quantitatively analyzed. The significance of sexual
differences between behavioral patterns, demon-
strated by mice, was estimated by Mann-Whitney U
test at p < 0.05.

The investigation conformed to the interna-
tional requirements for ethical attitude towards the
animals (LEHNER 1996).

Results

Demography and spacing indices
In April a total of 28 females and 54 males, were cap-
tured (Table 1). A male biased sex ratio (y*>=8.24,p <
0.05) was found. In spring of 2008 the population of
M. spicilegus consisted entirely of adults. Recapture
rate was 44% for females and 46% for males (Table
1). The maximal distance between the trapping points
was 25 m for females and 30 m for males, respective-
ly. Fifty per cent of the recaptured males and 72% of
the recaptured females were found at the same sta-
tion at nearest mounds. During the capturing period,
many of the mounds in the agroecosystem had not
been destroyed yet. In April the most frequent social
groups registered were male-female pairs as well as
groups comprised of two or three males (Table 2).
More rarely, groups composed of two females, and a
male and two females were observed. Nine females
and 21 males were found to be solitary.

In July and in August a total of 58 mice were
captured — 16 females and 9 males in July and 13
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females and 20 males in August (Table 1). In July
adults (both males and females) dominated in cap-
tures (p < 0.05, y*> = 6.76), and adult females were
significantly more than adult males (p < 0.05, > =
4.26). In August the number of subadult males was
significant increased. Subadult males were signifi-
cant more than adult males, while subadult females
were significantly less than adult females (p < 0.05,
y? = 6.2). With the exception of one female in July,
and one female and 6 males in August, all recap-
tured individuals were reproductively active adults.
Although significant sex differences within indices
of spacing behaviour were not found, adult females
had higher recapture rate than adult males. In July re-
capture rate was 68.7% for adult females and 44.4%
for adult males (Table 1). Four females and one male
were from the previous seasons. In August recapture
rate was 53.8% for adult females and 30% for adult
males, respectively (Table 1). Besides, the median
number of recaptures per individual was about twice
higher in adult females, but adult males had longer
distance of recaptures. Many of the recaptured indi-
viduals appeared to be sedentary. Six females and 2
males were recaptured only at the same station and 5
females and 1 male at one of the four nearest stations.
Two males and two females were from July. In July
the most frequent social groups were male-female
pairs (Table 2). One social group comprised of two
females and other one consisting of a male and two
females also were registered. In August, like April,
social groups comprised of a male and a female, but
also two or three subadult males were more frequent
observed. However, only 4-6 males and 8-10 females
were found to be solitary in summer (Table 2).

In July and August home ranges were deter-
mined for 17 adult females and 7 adult males cap-
tured at least 3 times on the study plot (Fig. 1). The
size of home ranges varied from 200 m? to 800 m? in
males (median size 400 m?) and from 100 m? to 500
m? in females (median size 250 m?). Home ranges of
females were exclusive, while those of males over-
lapped with the female ranges as follows: in 2 cases
the home range of one male overlapped this of one
female 100%, and in another case 25% (Fig. 1). In
3 cases — one in July and two in August, the home
ranges of one male overlapped those of two females.
The overlapping with the first female was 50-100%,
while the overlapping with the second one was 10-
15% (Fig. 1). The home range overlapping between
males was till 50%.
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Interspecific dyadic encounters

The results showed that, agonistic events were
the majority of interactions between individuals in
male-male and female-female encounters (Table
3). Both males and females displayed significantly
more agonistic events, than amicable ones (Mann-
Whitney U test, U =24, p < 0.05 for males, U =10, p
< 0.05 for pregnant mice and U = 25.5, p < 0.05 for
non pregnant mice, respectively). Attacks, fights and
threats were observed mainly in the male encounters
and in interactions between pregnant mice. Males
displayed significantly more agonistic events, than
females (Table 3).

The number of aggressive events, displayed by
the same individual in its encounters with the two
partners, showed that males responded significantly
less aggressively to their close neighbours than to
more distant ones (Mann-Whitney U test, U = 2.5, p
<0.05), (Fig. 2). There was a significant positive cor-
relation between numbers of aggressive contacts and
distance between individuals (ps =0.856, Spearman’s
correlation coefficient), (Fig. 3a). In contrast with
males, females tended to be more aggressive to their
immediate neighbours than to more distant ones,
although a significant negative correlation between
numbers of aggressive contacts and distance between
animals was not established (Fig. 2, 3b).

Discussion

The seasonal changes in density and demo-
graphic structure of M. spicilegus seem to undergo
the seasonal changes in its life cycle. The results
showed that in spring the number of M. spicilegus
was three times higher than those in summer, and the
number of adult males was twice higher than that of
adult females. In the opposite, in July adult females
were significantly more than adult males. Some au-
thors like MiLISHNIKOV et al. (1998) also reported a
biased in favour of females during the breeding sea-
son. On the base of these finding it could be sup-
posed that numerous males begin to disappear in
spring, while female offspring tend to be philopat-
ric, as also found for many other mammalian spe-
cies (GREENwooD 1980, PoTEAUX et al. 2008). Thus,
the sharp decrease in the number of breeding males
in July and August probably reflects male mortality
due to dispersal. The increased number of subadult
males established in the second half of August in the
present study could be a compensatory mechanism
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Table 1. Sex ratio, age distribution and indices of spacing behavior in male and female Mus spicilegus in April, July
and August of 2008. Recapture rate is expressed in % by calculation of the number of recaptured individuals/total
number of animal captured. The distance of recaptures is presented in m, and the frequency of recaptures is expressed
by the number of recaptures per individual. The data are presented by median, min and max values — in the brackets.
Legend: Juv — number of juveniles, Sub — number of subadults, Ad — number of adults, ? — number of pregnant mice.
Note: Indices of spacing behaviour presented are only for adult animals.

Frequency
Trap- Distance of recap-
ping Sefc Age distribution Recapf}ure rate of re.captm:es tur.es
period | ratio % median, min- median,
max values min-max
values
Juv Sub Ad
F/IM|F M| F | M F M F M F M F M
?55;1 28 154 | - | - | - | - |28(57)| 54 | 44% (11/28) |46% (25/54)| 0 (0-25) | 0 (0-30) |2 (2-4)|2 (2-4)
;1(1)18,8 161 92|14 - |- 140 5 |68.7% (11/16)|44.4% (4/9) | 15(0-30) |30(10-50)|3 (2-4) |2 (2-5)
0
?(;1(;ggust 13720 1 | 1 | 1 | 13|/11(4?)| 6 |53.8% (7/13) 30% (6/20) 10 (0-50)|30(15-90)|4 (2-5)|2 (2-5)

Table 2. Spatial associations observed during the reproductive period for all animals. Legend: » — number of pregnant
mice; *° — number of subadults; ¥ — number of juveniles. The number of recaptured mice is indicated between brackets.

Type
spatial .
aIs)soci- April July August
ations
Nbof| Nbof | Nbof Nb of Nb of Nb of | Nb of Nb of Nb of
observ.| females | males SZE; females males |observ. females males
F 9 9-(6), 2° 0 10 | 10-(6), 4°, 17w 0 8 8-(3), 2r, 11w 0
M 21 0 21-(10)| 4 0 4-(2),2v 6 0 6-(2), 4o, 13w
FM 11 11-(3),2° | 12-(4) | 4 4-(3), 2%, 1 |4-(1),2™| 5 5-(4), 2¢, 1sw® 5-(3), 28
FF 2 4-(1) 0 1 2-(2), 1? 0 0 0 0
MM 7 0 14-(10)| 0 0 0 3 0 6-(5), 4
MMM | 2 0 6-(1) 0 0 0 1 0 3-(3), 3
FFM 2 4-(1), 17 1 1 2-(2), 1 0 0 0
Total 54 |28-(11), 5°|54-(25)| 20 [16-(11), 7°,21w|9-(3), 43| 24 [13-(7), 47, 1**, 13*|20-(13), 13 swb, 13w

of population in the result from male mortality due
to dispersal. Similar observations about the seasonal
dynamics of density and demographic structure of
M. spicilegus were reported by Sutova (1969) for
the region of Dobrudzha (Romania). In contrast, a
female biased sex-ratio and high population density
were registered for M. spicilegus at the beginning
of breeding period (April) in an agricultural field in
Gyongyos region of Hungary (Gouar et al. 2003b).
Apparently, as PoTEAUX ef al. (2008) mentioned, the
population structure of M. spicilegus seems to be
quite geographically variable. However, other cues

like resource potential probably also have an impor-
tant role on social structure.

The results demonstrated that in July and
August home ranges of adult female mound-build-
ing mice were exclusive and female-female encoun-
ters were agonistic. Similar data about spatial be-
haviour of female M. spicilegus in summer period
were reported by SiMEONOVSKA-NikoLova (2007)
for other population of this species in the region of
Northern Bulgaria. In most mammalian species, fe-
males are less aggressive than males, but become
very aggressive during pregnancy and after giving
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Table 3. Median number and extreme values (minimum and maximum) of amicable and agonistic — offensive and
defensive behaviors during male-male and female-female dyadic encounters in M. spicilegus. The significance of
intra and intersexual differences revealed by Mann-Whitney U test is shown: p < 0.05 *. Explanations: n — number of

encounters, M — males, F — all females, F —pregnant; F, — non pregnant.

Behavioural pattern M F Fp an
chavioural patterns n=12 n=17 n=5 n=12
Amicable behaviour 2 (1-3) 2(1-7) 2 (1-3) 2.5(1-7)
U ns (MXF); ns (Mpr);nS (Manp); ns (FpxFnp)
Agonistic behaviour 9.5 (0-14) 5(2-10) 6 (5-10) 4 (2-7)
U Sigpiﬁcant oxp U :_56.5”;;.115 MxFpy
Significant MxFp) U=232.5*%;ns (FpxFap)
- Offensive behaviour 3.5(0-7) 2 (0-5) 3 (0-5) 1.5 (0-3)
U ns (MxF); ns (Mpr);ns (Manp); ns (FpxFnp)
- Defensive behaviour 5(0-7) 3(2-5) 4 (3-5) 3(2-4)
U S?gniﬁcant oxp U = 40*;:15 MxFpy
Significant , . U=24%ns . .
July 08 August 08
. . . L] L] - [ ] L ‘ . . N L] .
™ - // // I:l . /] . . . . i _I . N r—l . . . .
E . . / L] - . - _ s . - -
LIE SRl IR
g i._._.; . . . . . L] . L] ' i . J ..::: .‘:.:' . . . . . 8
2 . -“o“- 1 . . . . . . . o L\?t, .:_." . . . ° 3
H . . . . - . . A N\ i . . .
L) i \\‘ \?\ .:_. ::_ . *
. . . . = . L) * * \\ -':: ~‘:: . . . . . .
- 5
.......... N\ \—.—‘ H
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!:, . . . . . el . 4 Y . . . . ] N
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Fig. 1. Location of home ranges of male and female M. spicilegus in July and August. Only the home ranges of mice,
which were captured at least 3 times in that season, are presented. The dashed lines represent the borders of male home
ranges, and the solid lines — the borders of female home ranges, which are in grey. The dots represent 10-m interval

trap stations; stations within home ranges are not plotted.

birth (LoNsTEIN and GammiE 2002, MaxsoN 2009).
In this study pregnant mice also showed higher ag-
gressiveness then non pregnant mice. No data ex-
ists on how territorial behaviour of mound-bulding
mouse changes during the reproductive cycle, but
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it is reported for other female-territorial species as
bank vole that female aggressiveness is lower dur-
ing early gestation than during late gestation and
lactation (KoskEeLA et al. 1997, RosiLL et al. 2008).
General opinion is that intraspecific aggression in
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Fig. 2. Median number of offensive events displayed by
male and female mound-building mice tested during en-
counters with their most closed close neighbour (dotted
bars <50 m) and most distant once (black bars > 50 m).
The significance of differences between numbers of of-
fensive events, Mann-Whitney U test: * p <0.05

many species of small mammals is used mainly to
maintain territories and to defend the offspring. At
the same time laboratory and field studies indicate
that social relationships, such as territoriality, de-
pend on the spatial distribution of resources such
as food, nest sites, and are modified when such re-
sources become limited (KreBs 1982, OsTFELD 1985,
Gray, HUrsT 1997, Gray at al. 2002). In the study
area dominant and most widespread species in the
weed community was Matricaria inodora L., while
the species from Poacea and Fabacea families were
occasional. This suggests a relatively low nutrient
value of the ecosystem. Thus, the species composi-
tion of weeds along with higher average tempera-
tures and lower precipitation established at the study
period in the region show decreasing of habitat qual-
ity. This might explain why the social interaction
between females were more agonistic than amica-
ble, and why pregnant mice were significantly more
aggressive than non pregnant. Moreover, according
to OsTFELD (1985) territoriality in female microtines
is likely to be in great degree food dependent since
their reproductive success is directly limited by
their ability to acquire sufficient nutrients. Thereby,
the higher aggressiveness of female M. spicilegus
to their immediate neighbours, in comparison with
more distant ones could be a result from a flexible
strategy depending on the habitat in which mice live.
On the other hand, an exclusive home range, estab-
lished by each female in the study habitat could be
compatible with a monogamous mating system. A
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Fig. 3 Scattergram of data on total number of offensive
events and distance between individuals during male-
male (a) and female-female (b) M. spicilegus encounters.

high level of female competition and dispersal is re-
ported for many monogamous species (GREENWOOD,
1980, DoBsoN, JoNes 1985, OsTFELD 1985, RIBBLE
1992, Favre et al. 1997, KoMERS, BROTHERTON 1997,
RycHLIK 1998; PaTris et al. 2002).

The results from dyadic encounters demon-
strate that male aggressiveness increased according
to distance and territorial males respond less aggres-
sively to their immediate neighbours than to distant
ones. Such forms of social recognition known as
‘dear enemy effect’ are described for many other ter-
ritorial rodent species as well (WoLFF et al. 1983;
YDENBERG et al. 1988; TEMELES 1994; ROSELL et al.
2008). It is assumed that it is an adaptive strategy
that minimizes the energetic costs of territoriality.
With a reduction in the amount of time and energy
spent responding to neighbouring individuals, terri-
torial males can devote more time to attract mates,
forage and defend the territory from unfamiliar in-
dividuals (KreBs 1982, TEMELES 1994, ROSELL ef al.
2008, ALcock 2009). At the same time, the higher
aggressiveness displayed by males in comparison to
females suggest that males put more effort into ter-

141



Simeonovska-Nikolova D.

ritorial defence than females. Although the monoga-
mous system in this species has been determined by
experiments conducted in the laboratory and in out-
door enclosures (PaTris, BAupoN 1998, 2000, PAtris
et al. 2002, DossoN, Baupoin 2002, BAubpoIN et al.
2005), some recent investigations demonstrated that
a facultative polygyny could occur mainly due to a
shortage of males (Gouar et al. 2003b, Gouar, FERON
2005, SiMEoNovVsKA-NIKoLova 2007). The female bi-
ased sex-ratio as well as greater median distance be-
tween trapping points of males in comparison with
those of females found in summer could be related to
the attempt of males to mate with more than one fe-
male. In the present study in 2 cases the home ranges
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