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Abstract. House mice are believed to be, unlike rats, only reluctant swimmers. If water is a barrier to mouse
dispersal water bodies and streams can have a substantial impact on the genetic structure of populations.
Previous studies revealed influence of rivers on the position and structure of the European hybrid zone between
two house mouse subspecies, Mus musculus musculus and M. m. domesticus. In this study, we used a simple
motivation experiment to test the disposition of both wild and inbred mice representing the subspecies to
overcome a water barrier. As the more dispersing sex, males were chosen for the experiment. Mice were tested
under two air/water temperature regimes, 20 °C and 10 °C. Contrary to a common belief tested animals entered
water rather easily, often even engaging in repeated swimming. We found significant differences in scored
behavioural parameters between the subspecies. Under the 20 °C regime, both wild and inbred domesticus
males entered and crossed the water earlier and more often swam even when satiated. Strikingly, under the
10 °C regime, the results were rather equivocal but with the opposite tendencies, with musculus males being

more willing to swim. We discuss implications of these findings for the hybrid zone dynamics.
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Introduction

Hybrid zones are often viewed as natural laboratories
where various questions of speciation can be studied.
However, natural experiments in these “labs” are
not carried out in a controlled uniform environment.
This holds especially for commensal species such
as the house mouse (Mus musculus) which is, at
least in central Europe, confined to buildings during
winter, making its distribution rather patchy on a
local scale. Moreover, mouse populations are usually
structured into small and relatively closed demes with
a single dominant male siring most of its offspring
(Crowcroft 1955, Reimer & Petras 1967, Bronson
1979, Drickamer et al. 2000, Dean et al. 2006). The
demes are strongly defended, which further reduces
gene flow between them, though a deme’s lifespan is

rather short (Hauffe et al. 2000, Pocock et al. 2005).

It has been shown (Barton & Hewitt 1985, Raufaste
et al. 2005, Macholan et al. 2007, Baird & Macholan
2012) that the zone of secondary contact between two
house mouse subspecies, M. m. musculus Linnaeus,
1758, and M. m. domesticus Schwarz & Schwarz,
1943, is a tension zone (Key 1968). This type of hybrid
zone is maintained by a balance between dispersal
of genetically pure individuals into the centre and
endogenous selection against admixture. Due to
differential migration a tension zone will move so that
to minimize its length. For the same reason, it will tend
to move across landscape till it stops at a population
density trough or a geographic barrier (Barton 1979,
Barton & Gale 1993). The same effect will push
clines for individual traits towards each other (Barton
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& Bengtsson 1986) — the greater the selection against
hybrids, the larger this tendency. Hence the position
of clines maintained even by entirely endogenous
selection will tend to correlate with environmental
features reducing density or dispersal.

In temperate areas, house mice can move between
adjacent farms during spring and summer. This
movement is likely to be more intense through
suitable corridors while being strongly hampered by
unsuitable habitats, e.g. large forests (Zejda 1975).
In addition, house mice as small and warm-blooded
animals may avoid crossing water, a good conductor
of heat. It has been suggested that contrary to rats,
known to be strong swimmers, mice enter water only
reluctantly or not at all. Several types of behavioural
experiments such as Morris water maze test (Morris
1981, 1984) or the forced swimming test, using mostly
laboratory mice, have worked on this assumption, to
test diverse hypotheses concerning stress, learning,
memory, orientation and other parameters (Francis
et al. 1995, Wolfer et al. 1998, D’Hooge & De Deyn
2001, Petit-Demouliere et al. 2005). Similar results
have been revealed in wild mice living in semi-natural
enclosures (Gerlach 1990, 1996, 1998, Nelson 2002).
Moreover, some studies reported changes in levels
of blood hormones and neurotransmitters indicating
extreme stress (Francis et al. 1995).

If water is a barrier to mouse dispersal then rivers
will not only affect the centre of the hybrid zone. For
example, presence of rivers and a water reservoir
(along with forests and steep slopes) was shown to
narrow the zone in comparison with areas without
these geographic barriers in the Czech Republic (Baird
& Macholan 2012). Moreover, studies of mouse
genetic variation across the central European and
Danish portions of the zone revealed a rather complex
structure on a fine scale caused by even small water
courses (Baird & Macholan, unpublished results).
Rivers can thus have important effects on both the
position and the internal structure of the house mouse
hybrid zone (the same holding also for areas well
outside the zone). However, besides environmental
factors the zone can be affected by differences in
biology between the subspecies. For example, both
males and females of M. m. domesticus are more
aggressive than males and females of M. m. musculus
(Thuesen 1977, van Zegeren & van Oortmerssen
1981, Munclinger & Frynta 2000, Frynta et al. 2005).
The two subspecies were also shown to differ in
their exploration strategies (Hiadlovska et al. 2012).
Obviously, if water barriers impact on the structure of
mouse populations within the zone its dynamics can

be influenced by potential differences in the ability
to overcome these barriers. Indeed, using a modified
water-escape test (Essman & Jarvik 1961), Brubaker
(1970) suggested that M. m. domesticus is a better
swimmer than M. m. musculus.

In this study, we used a simple experimental setup to
test the disposition of both wild and inbred house mice
representing the two subspecies to overcome a small
water barrier. We found that contrary to a common
belief house mice enter water easily, often even
engaging in repeated and voluntary swimming. In
addition, we show differences in scored behavioural
parameters between the subspecies and discuss their
implications for the hybrid zone dynamics.
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Fig. 1. The course of the M. m. musculus - M. m.
domesticus hybrid zone in central Europe. Localities
at which founding pairs of inbred strains used in
this study have been trapped are indicated. Below
are sampling sites of wild M. m. domesticus and M.
m. musculus (see Table 1 and text for more details).
The dashed line in the bottom panel indicates the
approximate course of the zone defined in Macholan
etal. (2007).

Material and Methods

Tested animals

For the experiments described below both inbred
and wild house mice representing the two subspecies
were used. The group of inbred mice comprised three
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Table 1. The origin of wild mice founder pairs with geographic coordinates of the localities sampled and the
number of captive-born individuals - G1 males used in this study.

M. m. domesticus

M. m. musculus

Locality Coordinates
Ottmannsreuth 49°53"N, 11°37"E
Réthelbach 49°59'N, 11°35'E

Unterweissenbach
Weickenreuth E

50°09'N, 12° 06" E
50°10'N, 11° 40’

- s AN Z

Locality Coordinates N
Krasikov 49°53'N, 12° 56" E 3
Prilezy 50°06'N, 12°57'E 1
Vrbicka 50°11'N, 13° 18'E 4
Zihle 50°03'N, 13°22'E 3

strains derived from M. m. musculus (BUSNA, STUF,
PWD) and two of the M. m. domesticus origin (STRA,
Schweben). Details on the strains STRA, BUSNA, and
STUF are given in Pidlek et al. (2008), whereas the
PWD strain is described in Gregorova & Forejt (2000).
The “Schweben” group is a lineage established with a
pair captured in Schweben, western Germany, and kept
in the Institute of Vertebrate Biology in Studenec. The
tested individuals represented the 8™ and 9™ generation
of brother-sister mating (thus, strictly speaking, these
mice were not fully inbred even though this lineage is
denoted as “inbred” for simplicity in this study). Most
of these strains have been proven as suitable surrogates
of the two subspecies in various behavioural studies
(Pialek et al. 2008, Bimova et al. 2009, Dureje et al.
2010, Voslajerova Bimova et al. 2011, Hiadlovska et al.
2012). Obviously, inbred lineages cannot encompass the
whole genetic variation present in natural populations.
Therefore, we carried out the same experiments also
with wild mice. To avoid undesirable effects of different
age, diet, health condition, and previous experiences
of wild-captured animals, we used mice of the first
generation born in captivity (see below).

Wild mice were live-trapped using wooden traps at
localities outside the central European portion of the
hybrid zone, four sites on the M. m. musculus side
and four on the M. m. domesticus side (Fig. 1), during
September and October 2010. Details on the sampling
sites and numbers of tested individuals are given in
Table 1. After transport to a breeding facility of the
Institute of Vertebrate Biology, male-female pairs
of individuals trapped at the same sites were put
together. The first-generation mice resulting from their
mating were used for experiments. These mice, here
designated G1 musculus and G1 domesticus, keep the
same variability as wild-caught individuals but can be
standardized with regard to age, living conditions or
life experience (Garland & Stephen 1991, Clément et
al. 2002, Bimova et al. 2005). Only males were tested
as they are predominant among dispersing animals
(van Zegeren 1980).

All mice were kept in polycarbonate (PC) cages (16
x 28 x 15 cm) under the light: dark regime 14:10

(light starting at 06:00 a. m.) and temperature 20 °C.
Pelleted food (ST1, VELAZ, Prague, Czech Republic)
and water were provided ad libitum. Sawdust bedding
and nesting material (shredded papers) were changed
every fifth day. Males were weaned at the age of 20
days and isolated at 55 days. Each male was tested
under two different temperature regimes (i.e. same
individuals have been tested two times — see below).
The first experimental trial was carried out at the age of
90-139 days in G1 males and 90-117 days in inbreds,
the second between 133 and 161 days in G1’s and
between 104 and 154 days in inbreds, respectively.

Side view
53 cm
Start Water pool Target
13 cm
View from above
23 x 37 53x 35 23 x 37
cm L cm

Fig. 2. The experimental setup, consisting of a start
and target boxes connected with a water pool. Food
and water is available in the target box but not in the
start box during experiments while bedding material
is provided in both cages.

Experimental design

To test the motivation and swimming ability we used
food deprivation of tested mice. The experimental
setup (Fig. 2) comprised the starting and target boxes
(PC cages covered with a glass pane, 23 x 28 x 15
cm) with a swimming pool in between. The pool
(transparent plastic box covered with a glass pane, 53
x 35 x 33 c¢m) was filled with water (13 cm deep).
The cages were connected to the pool with Perspex
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tubes (17 cm long, 5 cm in diameter) with a sliding
door on the starting box side. The tubes opened into
the pool at the water level. Strips of wire mesh were
placed in the swimming pool from the openings to the
bottom to facilitate animals entering/getting out from
the water. Both starting and target box were provided
with bedding and nesting material.

At 18:00, a tested mouse was put to the starting box
with the sliding door closed. Nesting material was
transported to the box with the animal to reduce stress.
During a habituation period, food and water were
available ad libitum. After 26 h food and water were
removed and the box was connected to the swimming
pool. A 12 h trial period started with opening the sliding
door at 20:00 and finished at 08:00 next morning. By
removing food mice were moderately motivated to
cross the water barrier. After the experiment, mice
were put back to their home cages.

Trials were video recorded with infra-red camera and
swimming episodes were then digitized and processed
using the MTS program (Modular Tracking Software;
custom designed and provided by M. Kucera). The
following parameters were measured:

Latency to swim — time from the beginning of the
trial to the first swimming episode; if there was no
swimming, animal was scored with 12 h penalty;
Latency to cross — time from the beginning of the trial
to the first successful crossing of the pool; if there was
no cross, animal was scored with 12 h penalty;
Voluntary swim — presence/absence of swimming
episodes occurring after the first successful crossing
the pool (note: as we do not know what actually
motivates a mouse to enter the water pool we cannot
rule out a possibility that also the first overcoming the

barrier was voluntary or that also repeated entering
the water is motivated by hunger; “voluntary swim”
is thus just a technical term describing the given type
of behaviour);

Path —total length of swimming path a mouse covered
during a single trial.

Mouse movements increase during summer when the
first generation born in the respective year is weaned
and especially in the beginning of autumn (Walkowa
et al. 1989) when the population peaks (Brown 1953).
The mouse, as a small mammal with a relatively large
body surface, loses heat rapidly (Feldhamer et al.
2007) and this loss is especially grave in cold water.
However, negative effects of loss of insulation and
resulting increased physiological demands continue
even after the mouse gets out from the water, when
it needs to dry itself quickly. Hence water is likely
to be a stronger barrier during autumn when ambient
temperature drops. Therefore, we used two water/
air temperature regimes in the present study, 20 °C
(common laboratory temperature, approximating
summer conditions), and 10 °C, the average October
temperature of rivers in the area under study (data
Czech Hydrometeorological Institute). The latter
experimental design was used to simulate more
natural conditions occurring in the area where the
parents of the G1 mice were trapped. At least two
weeks were left between subsequent tests. A potential
effect of the order of temperature regimes was tested
so that for each inbred strain five randomly chosen
individuals started in 10 °C and another five randomly
chosen mice started in 20 °C. Since repeated measures
ANOVA revealed no significant effect of the order of
trials on the scored behavioural parameters all other

Table 2. Results of statistical tests for inbred mice under the 20 °C regime. Z and H are the Mann-Whitney U test
and Kruskal-Wallis ANOVA statistics, respectively; y2: Pearson’s chi-squared test. Fisher’'s exact test was used for
voluntary swim in comparisons between two domesticus strains and between pooled musculus and domesticus

groups.
. domesticus-derived musculus-derived pooled domesticus vs. musculus
Variable . .
strains strains groups

Latency to swim Z=-0.076 H, 3, =4286 Z=3.664

P>0.05 P>0.05 P=0.000

NSTRA = 10’ NSchweben = 10 NSTUF = 10’ NPWD = 10’ NBUSNA - 10 ND = 20’ NM - 30
Latency to cross Z=0.567 H, = 1962 Z=12.990

P>0.05 P>0.05 P=0.003

NSTRA = 10’ NSchweben = 10 NSTUF = 10’ NPWD = 10’ NBUSNA - 10 ND = 20’ NM - 30
Voluntary swim x*=3.536 -

P=0.029 P>0.05 -

NSTRA = 9’ NSchwcbcn - 9 NSTUF = 10’ NPWD = 8’ NBUSNA = 7 -
Path Z=1.715 H, ,,=4628 Z=0.980

P>0.05 P>0.05 P>0.05

NSTR/\ - 9’ NSchwcbcn - 10 NSTUF - 9’ NPWD - 8’ NBUSN/\ - 7 ND - 19’ NM - 24
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Table 3. Results of statistical tests for inbred mice under the 10 °C regime. Z and H are the Mann-Whitney U test
and Kruskal-Wallis ANOVA statistics, respectively; x2: Pearson’s chi-squared test. Fisher’s exact test was used for
voluntary swim in comparisons between two domesticus strains and between pooled musculus and domesticus

groups.
. domesticus-derived musculus-derived pooled domesticus vs. musculus
Variable . .
strains strains groups
Latency to swim Z=-1.134 H, 5, =12916 -
P>0.05 P=10.002 -
NSTRA: IO’NSchweben: 10 NSTUF: 10, NPWD= 10, NBUSNA: 10 -
Latency to cross Z=2.003 H, 5= 11511 -
P=0.045 P=10.003 -
NSTRA = 10’ NSchweben = 10 NSTUF = 10’ NPWD = 10’ NBUSNA = 10 -
Voluntary swim x*=8.306 -
P>0.05 P=0.016 -
NSTRA = 2’ NSchweben = 7 NSTUF = 8’ NPWD = 10’ NBUSNA = 5 -
Path Z=1.171 H, 5, =1487 Z=1.493
P>0.05 P>0.05 P>0.05
NSTRA:7’NSchweben:10 NSTUleo’NPWD:IO’NBUSNA:8 ND:17’NM:28

Table 4. Results of statistical tests for differences
between G171 musculus and G1 domesticus mice. Z is
the Mann-Whitney U test statistic; voluntary swim was
tested with Fisher’s exact test.

. Regime
Variable 10°C g 20°C

Latency to swim Z=1.609 Z=-2.003
P>0.05 P=0.045
N,=11,N, =11 Ny=11,N,=11

Latency to cross Z=1215 Z=-2.068
P>0.05 P=0.039
N,=11,N, =11 N,=11,N,=11

Voluntary swim P>0.05 P=0.007
N,=5,N,=8 N,=8,N,=7

Path Z=-1.735 Z=2.083
P>0.05 P=0.037
N,=6,N, =10 N,=8,N,=7

experiments started in 10 °C and then continued under
the 20 °C regime.

Statistical analyses

Since Shapiro-Wilk’s test showed most data to
have non-normal distribution non-parametric tests
were used. In two-group comparisons (STRA vs.
Schweben, G1 musculus vs. G1 domesticus), Mann-
Whitney U test was applied whereas three musculus-
derived strains were compared with Kruskal-Wallis
ANOVA. Where there was no significant difference
between consubspecific inbred strains, the strains were
pooled as the domesticus-inbred and musculus-inbred
group, respectively, for a corresponding trait. The two
groups were then compared using Mann-Whitney U

B STRA M Schweben @O STUF PWD O BUSNA

Latency to swim

Latency to cross

*

12 - . 12 -
10 - 2 10 A
s8] 8
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o
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Fig. 3. Medians of the four measured parameters for
inbred mice tested underthe 20 °C regime. Significant
differences (P < 0.05) are indicated with asterisks;
N - number of individuals; pres./abs. - presence or
absence of the corresponding behaviour.

test. Since for voluntary swim there were no entries
in some groups (i.e., no voluntary swimming was
recorded), either Fisher’s exact test (Gl domesticus
vs. Gl musculus, STRA vs. Schweben) or Pearson’s
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Fig. 4. Medians of the four measured parameters for
inbred mice tested underthe 10 °C regime. Significant
differences (P < 0.05) are indicated with asterisks;
N - number of individuals; pres./abs. - presence or
absence of the corresponding behaviour.

chi-squared test (STUF, PWD, BUSNA) was used in
these cases. Pooled musculus-inbred and domesticus-
inbred groups were compared with Fisher’s exact
test. All these analyses were done in Statistica 6.0
(StatSoft, Inc. 20006).

Results

Inbred mice

Under the 20 °C regime, variation among musculus-
derived and domesticus-derived strains, respectively,
was not significant in three variables (Latency to
swim, Latency to cross, Path; Table 2) and so these
parameters could be compared between the two
groups. Of these, only the two latency parameters
were significantly different (Table 2, right column).
As shown in Fig. 3, both latencies are higher in the
pooled group of the musculus-derived strains, i.e.,
males of these strains were more reluctant to enter
the water pool and took them more time to get over
it. In other parameters, there were neither significant
differences between the groups nor any consistent
tendency. Males of the Schweben strain appeared to

B G1domesticus [ G1musculus

Latency to swim Latency to cross

12 - 12 4
10 - 10 | ]
—~ 8 1 — 81
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Path N voluntary swim
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G1 G1
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4 @ 7
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€
11 S 2
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Fig. 5. Medians of the four measured parameters for
G1 mice tested under the 20 °C regime. Significant
differences (P < 0.05) are indicated with asterisks;
N - number of individuals; pres./abs. - presence or
absence of the corresponding behaviour.

be the most ardent swimmers that entered and crossed
the pool most frequently (data not shown; see also N
for Path in Table 2 and Fig. 3) and also more often
engaged in voluntary swimming.

Contrary to the previous experiment, only Path
appeared homogenous within the two groups of inbred
strains under the 10 °C regime. The difference between
musculus-derived and domesticus-derived groups was
not significant (Table 3). Again, the Schweben males
seem to be more zealous swimmers compared to the
STRA males as indicated by shorter latency times
before entering and overcoming the pool (Fig. 4).

G1I mice

Under the 20 °C regime, the G1 groups significantly
differed in four parameters: domesticus males revealed
a shorter latency before entering the water and reaching
the opposite side of the pool. More domesticus
individuals also engaged in voluntary swimming and
followed a shorter path (Table 4, Fig. 5).

Strikingly, when the mice were tested under the 10 °C
regime, they showed opposite tendencies. Although
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Fig. 6. Medians of the four measured parameters for
G1mice tested under the 10 °C regime. N - number
of individuals; pres./abs. - presence or absence of
the corresponding behaviour.

the differences were not significant for all parameters,
it took longer before domesticus males entered
the pool and got over it. Moreover, no domesticus
individual entered the water more than once (Table 4,
Fig. 6).

Discussion

In this study we tested whether and to what extent
water can act as a barrier to mouse dispersal and thus
to affect the genetic structure of mouse populations.
More specifically, since the zone of secondary contact
between the two house mouse subspecies has been
shown to be a tension zone (Barton & Hewitt 1985,
Raufaste et al. 2005, Macholan et al. 2007, Baird &
Macholan 2012) such barriers can have a potentially
strong influence on its position and structure on a
local scale.

Contrary to the common notion of house mice as
reluctant swimmers (Gerlach 1990, 1996, 1998,
Wolfer et al. 1998, D’Hooge & De Deyn 2001,
Nelson 2002, Petit-Demouliere et al. 2005) we found
that tested males of all experimental groups entered
the water (6-10 individuals per group; see N for Path

in Figs. 3-5). It should be noted that all the mice were
left unmolested for 26 hours so that the observed
behaviour do not represent any panic or extreme
reactions to disturbance. Since physiological effects
of starving is detected after 24-60 h after removing
food (Leone et al. 1999, Raffaghello et al. 2008)
mice tested in this study were not probably strongly
coerced to swim across the pool for food. Moreover,
many males swam repeatedly, even after they reached
the target box and fed themselves. These results are
consistent with pilot experiments in which some
individuals swam even when food was provided ad
libitum (Hiadlovska, unpublished results). Therefore,
the inbred and Gl individuals were likely to be
motivated by other factors than food deprivation.
In conclusion, a water pool such as that used in our
experiments does not appear a strong barrier for
house mice under both experimental conditions (i.e.,
10 °C and 20 °C regime). Though sporadic reports
on swimming abilities of wild mice describe them as
good swimmers (Randall 1999, Singleton & Krebs
2007) especially in habitats where water dominates
(such asrice fields), our results appear to contradict the
majority of published data (Francis et al. 1995, Wolfer
et al. 1998, Gerlach 1990, 1996, 1998, D’Hooge &
De Deyn 2001, Nelson 2002, Petit-Demouliere et al.
2005).

Under the 20 °C regime, both domesticus-derived
inbred strains and the G1 domesticus group revealed a
higher propensity for swimming. These mice entered
the water pool and crossed it mostly within the first
two hours of the experiment whereas M. m. musculus
displayed longer latencies. In addition, more Gl
domesticus mice engaged in repeated swimming after
previous reaching the target box (six times on average,
data not shown). Why should the mice enter the water
when they have already come by food in a dry box
similar to their home cage? A possible explanation
can be differences in exploratory strategies between
the two subspecies. Open field experiments showed
that M. m. domesticus males are less thigmotactic, i.e.,
less fearful of open areas than M. m. musculus males
(Hiadlovska et al. 2012). These results correspond
with a higher movement activity, including swimming
(Brubaker 1970), escape activity (Hunt & Selander
1973), and aggression (Thuesen 1977, van Zegeren
& van Oortmerssen 1981, Munclinger & Frynta 2000,
Frynta et al. 2005) evidenced in M. m. domesticus.
However, open field tests carried out by Hiadlovska et
al. (2012) also showed a longer latency before entering
the arena in this subspecies, suggesting a stronger risk
assessment prior to stepping into an unfamiliar area.
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This behaviour is probably an adaptation to higher
danger of encountering an aggressive dominant male.
Why did not domesticus males wait longer also before
entering the water pool? We may hypothesize that
the reason lies in different designs of the open field
experiment (Hiadlovska et al. 2012) and the present
study. Specifically, the present experiment lasted much
longer compared to the open field test. Hence the tested
male had sufficient time to get olfactory information
about potential threat from behind the pool.
Interestingly, when the air and water temperature
was decreased to 10 °C, the results were reversed:
G1 domesticus males displayed longer latency phases
before entering and crossing the pool, and engaged
less in voluntary swimming than G1 musculus males.
As indicated by N for Path in Table 4 (see also Figs.
5 and 6), the number of males entering the water
decreased by 14.3 % compared to the 20 °C in M.
m. domesticus while in M. m. musculus this value
increased by 25.0 %. The results for inbred strains are
less clear than for G1 males. It seems that reactions
of individual strains to cold conditions were rather
random. However, the number of males entering the
water consistently increased in all musculus-derived
strains and decreased in one of the domesticus strains
(STRA). The only exception was the Schweben group
in which the value remained unchanged (Figs. 3, 4). In
total, the number of recorded swimming individuals
decreased by 10.5 % in the domesticus group and
increased by 16.7 % in the musculus group of inbred
strains.

Decreasing swimming activity under cold conditions
is not surprising. For example, Mount & Willmott
(1967) reported reduction of activity in a strain of
albino mice. Though the authors did not specify the
strain, it is known that albino mice (both inbred and
outbred) are predominantly of the M. m. domesticus
origin (Berry 1981, Yang et al. 2011). What is less
clear, however, is why the M. m. musculus males
tested in this study increased their swimming activity
under the 10 °C regime. This is especially puzzling
in repeated, “voluntary”, swimming (Figs. 3, 4). In
central Europe, M. m. musculus males are in general
smaller than M. m. domesticus (Macholan 1996) and
thus may react more strongly to food deprivation. For
example, Lynch & Sulzbach (1984) and Lynch et al.
(1988) found increased food consumption in mice
kept in 4 °C, however, this increase was stronger
in females than in males who also displayed lower
heritability of this trait (0.32 compared to 0.39 in
females). Therefore, it is not clear if the size difference

between the subspecies is sufficiently large to explain
the different reaction to decreased temperature (10
°C/38 h compared to 4 °C/4 days in the studies of
Lynch & Sulzbach 1984 and Lynch et al. 1988). All
the more so that the musculus males swam repeatedly,
even after reaching food in the target box.

In summary, we found that house mice are capable
of entering and overcoming at least small and
still bodies of water and that they often engage in
voluntary and repeated swimming events. This does
not mean, however, that larger water bodies and/or
fast-running streams are not strong barriers to mouse
natural dispersion. Moreover, if a male mouse is given
a possibility to choose between two sources of food or
a potential sexual partner, one easy to achieve and the
other separated by a small and surmountable barrier,
he is likely to choose the former, easier, alternative.
Thus even tiny water barriers can, in principle, affect
genetic structure of mouse populations. To what
extent small watercourses really do act as barriers to
mouse dispersal is not clear for now. However, this
study at any rate showed that house mice are not as
fearful of water as suggested in literature.

The differences in the disposition to enter water as
well as in swimming abilities are not easy to interpret.
As discussed above, M. m. domesticus is more
aggressive and active with respect to exploratory
behaviour than M. m. musculus. Having higher
potential for overcoming barriers, M. m. domesticus
might be less limited by presence of water bodies
during dispersion. Moreover, studies focused on
mate choice discrimination and subspecies specific
assortative mating have reported lower assortative
preference in M. m. domesticus (Smadja & Ganem
2002, Bimova et al. 2005, 2009, Voslajerova Bimova
etal. 2011; see also Ganem 2012 for a recent review).
This subspecies thus can be expected to invade the
territory of M. m. musculus. However, there are no
indications of this process along the whole stretch of
the European hybrid zone. Conversely, Macholan et
al. (2011) found genetic evidences of a past westward
movement of the zone, i.e. the movement from M. m.
musculus territory to M. m. domesticus range. Anyway,
although at present we can only speculate about actual
effects of different behavioural/ecological strategies
on the structure and dynamics of the European
hybrid zone, both published data (see Ganem 2012
for review; see also VoSlajerova Bimova et al. 2011,
Hiadlovska et al. 2012) and the present study suggest
that behaviour has played an important role in house
mouse evolution.
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