Mammalian Biology (2021) 101:1-10
https://doi.org/10.1007/542991-020-00075-1

ORIGINAL ARTICLE q

Check for
updates

Changes in the social behavior of urban animals: more aggression
or tolerance?

Rafat Ltopucki' @ - Daniel Klich? - Adam Kiersztyn?

Received: 28 April 2020 / Accepted: 4 October 2020 / Published online: 23 October 2020
© The Author(s) 2020

Abstract

Behavioral traits play a major role in successful adaptation of wildlife to urban conditions. However, there are few studies
showing how urban conditions affect the social behavior of urban animals during their direct encounters. It is generally
believed that the higher density of urban populations translates into increased aggression between individuals. In this paper,
using a camera-trap method, we compared the character of direct encounters in urban and non-urban populations of the
striped field mouse Apodemus agrarius (Pallas, 1771), a species known as an urban adapter. We confirmed the thesis that
urbanization affects the social behavior and urban and rural populations differ from each other. Urban animals are less likely
to avoid close contact with each other and are more likely to show tolerant behavior. They also have a lower tendency towards
monopolization of food resources. The behavior of urban animals varies depending on the time of day: in the daytime, ani-
mals are more vigilant and less tolerant than at night. Our results indicate that, in the case of the species studied, behavioral
adaptation to urban life is based on increasing tolerance rather than aggression in social relations. However, the studied urban
adapter retains the high plasticity of social behavior revealed even in the circadian cycle. The observation that tolerance rather
than aggression may predominate in urban populations is a new finding, while most studies suggest an increase in aggression
in urban animals. This opens an avenue for formulating new hypotheses regarding the social behavior of urban adapters.
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Introduction

Wild terrestrial vertebrates under the pressure of urbani-
zation are usually forced to use highly transformed and
fragmented habitats and novel sources of food. They also
have to interact with constant anthropogenic disturbances
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traffic, human presence, pets, light pollution, and anthropo-
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et al. 2019). Given such a diverse set of evolutionarily novel
factors affecting animals, only some wild species are able
to adapt to city life (McKinney 2008; Francis and Chadwick
2012). It has been shown that behavioral traits play a major
role in successful adaptation of species to urban conditions
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rufus, coyote Canis latrans, mule deer Odocoileus hemio-
nus or wild boar Sus scrofa, the most common behavioral
response is to adjust the circadian rhythm to avoid people
(George and Crooks 2006; Podgoérski et al. 2013; Gaynor
et al. 2018). In the case of birds or mammals whose daytime
patterns of activity coincides with the human activity, the
avoidance of people is not temporal but spatial and is based
on keeping a safe distance in space (Atwell et al. 2012; Bate-
man and Fleming 2014; Cavalli et al. 2018; Mikula et al
2018; Uchida et al. 2019).

In addition to the reaction of wild vertebrates to human
presence, their behavioral response to other elements of the
urban habitat has been a frequent object of urban studies
(Lowry et al. 2013). For example, it has been shown that the
strong fragmentation of urban green areas causes changes
in the spatial behavior of urban coachwhip snakes Mastico-
phis flagellum (Mitrovich et al. 2009), bobcats (Tigas et al.
2002) or coyotes (Atwood and Weeks 2003). Changes in
the preferences of nesting places, new food sources, and the
impact of a new group of urban predators have been widely
studied for many species of vertebrates, including reptiles,
birds and mammals as well (Contesse et al. 2004; Mgller
2012; Chavez-Zichinelli et al. 2013; Thomas et al. 2018;
Aviles-Rodriguez and Kolbe 2019; Gallo et al. 2019; Pala-
cio 2020). For urban birds, the impact of light and noise
pollution on the behavior has also been shown (Moiron
et al. 2015; Swaddle et al. 2015; Weaver et al. 2019). Vari-
ous indicators were used to study these phenomena: from
measurements of home ranges, risk-taking behavior, suc-
cess in solving problems, escape response, diurnal activity,
or aggression levels to more sophisticated indicators such
as noise-dependent changes in vocalization, stress hormone
levels, or genetic markers (e.g., Bonier 2012; Francis et al.
2015; Meillere et al. 2015; Moiron et al. 2015; Vincze et al.
2016; Santangelo et al. 2018; Schell et al. 2018; Lopucki
et al. 2019; Solaro and Sarasola 2019).

However, there are very few studies showing how these
individual behavioral traits (e.g., personality, stress level),
population traits (e.g., higher densities, genetic variation),
and habitat features (e.g. isolation of green areas, clumped
distribution of anthropogenic food, human presence) affect
the social behavior of urban animals during their direct
encounters with conspecifics. In other words, relatively
little attention has been paid to direct intra-population
relationships between individuals in the urban environ-
ment, although increased frequency of such encounters
and increased costs of social interactions in urban popu-
lations can be expected (Lacy and Martins 2003; Fokidis
et al 2011; Baxter-Gilbert and Whiting 2019; Marty et al.
2019a). Given the gap in this knowledge, mutually exclu-
sive hypotheses describing this aspect of social behavior of
urban animals can be formulated. The first hypothesis may
assume that direct contacts between urban individuals are
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characterized by higher aggressiveness than in non-urban
populations (which seems to be consistent with papers of
Lacy and Martins 2003; Fokidis et al 2011; Tuomainen and
Candolin 2011; Mgller 2012; Lowry et al. 2013; Miranda
et al. 2013; del Barco-Trillo 2018; Baxter-Gilbert and Whit-
ing 2019; Uchida et al. 2019). In turn, another hypothesis
may assume that direct contacts between urban individuals
are more tolerant compared to non-urban populations, since
urban animals have access to anthropogenic food resources,
and abundance of such food can reduce intra-population
competition and the tendency towards monopolization of
resources (Francis and Chadwick 2012; Oro et al. 2013;
Becker and Hall 2014; Thomas et al. 2018 but see Marty
et al 2019b).

The aim of this paper was to test which of the afore-
mentioned hypotheses is best supported in the urban and
non-urban population of the striped field mouse Apodemus
agrarius (Pallas, 1771). Using a camera-trap method, we
compared the character of the direct encounters between
individuals in urban and rural areas. The investigated spe-
cies is a good subject to study the impact of urbanization on
the adaptive behavior of animals: striped field mice inhabit
green areas in cities and is regarded as an urban adapter
(Andrzejewski et al. 1978; Gortat et al. 2014), and simul-
taneously, are also common in rural areas (Lopucki et al.
2013, 2020).

Methods
Study area

The study was carried out in the city of Lublin (Poland,
51°15' N; 22°33' E, area 147.5 km?, population of 350,000)
and its surrounding area, i.e. in an agricultural landscape
within 15 km from the administrative boundaries of the city.
In the city, data were collected in 15 green areas (urban
sites) located in the central zone (Fig. 1). The location of the
observation sites in the city center ensured a higher prob-
ability that the observed animals belong to a typical urban
population. We selected green areas where small mammals
could potentially occur (i.e. habitats with dense undergrowth
or ground cover) and sites that allowed us to find a safe
place to mount the camera-trap and conduct our observation
undisturbed for at least 24 h. Camera traps in urban sites
were isolated from each other by distance or anthropogenic
barriers (roads and/or buildings) to maximize the likelihood
that the same animals are not visiting multiple traps.

In the surroundings of the city, data were collected in 18
locations (rural sites) on uncultivated patches with semi-
natural vegetation (grasses, herbaceous plants, and shrubs)
surrounded by arable fields. To maximize the likelihood that
the same animals are not visiting multiple traps, the distance
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Fig. 1 Location of urban camera-trapping sites in the city of Lublin

between observation sites was over 1 km. Arable land with
scattered farmers’ settlements is the dominant landscape
type around Lublin. The observation sites placed in such a
landscape had in their surroundings, apart from arable fields,
also single rural buildings and local access roads.

Camera-trap data collection

Data on the intra-population behavior of A. agrarius were
collected using a camera-trap method. Methodological chal-
lenges related to the study of small mammals using camera
traps have recently been described by Lopucki and Kiersztyn
(2020). In brief, these include: (1) due to the body size of
small mammals, the camera trap must be placed close to
the ground, preferably vertically oriented, and the camera
sensors must cover only a small area to see and identify an
animal, (2) due to the speed of movement of small mam-
mals, different types of baits must usually be used to attract a
small mammal to the monitored area and stop its movement
for a while (e.g. for species identification), and (3) to mini-
mize the effect of the bait (a habituation effect), observations
should not be carried out for many days in the same site.
Considering the issues presented above, in this work, we car-
ried out our observation for only 24 h per site (each site was
filmed for a single 24-h period) and the down-facing camera
trap with passive infrared sensors was placed about 80 cm

above the ground (an approximate size of a camera’s field of
view was 0.3 x0.4 m). About 100 g of bread attached to the
ground was used as bait. The camera recorded a 60-s video
after the motion sensor was activated. The total time of
observations (camera-trapping effort) was 792 h, i.e. 360 h
from 15 urban sites and 432 h from 18 rural sites.

The camera trapping was carried out in winter. We chose
this time of year to conduct the research during the non-
reproductive season, i.e. when all individuals in the popula-
tion have the same reproductive status (Andrzejewski et al.
1978). This was important because the camera-trap method
did not allow us to distinguish sex or reproductive status of
the animals.

Viewing recordings and classification of behaviors

Recordings were screened and the time of the beginning and
end of each animal visit with an accuracy of up to one sec-
ond was noted. Moreover, when two individuals visited the
trap site at the same time, their behavior towards each other
was described and assigned to one of the three categories:
(1) aggressive behavior—when at least one animal exhibited
aggressive postures (attacking, biting, chasing, pursuit) and
the encounter terminated with fleeing of one or both individ-
uals; (2) avoidance behavior—when at least one animal ran
away immediately after noticing that another individual was
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nearby in the trap site, and (3) tolerance behavior—when
two individuals stayed together in the trap site, did not show
aggressive behavior, and ate the bait together.

During the total camera-trapping time, the individuals of
the studied species were observed for 75 h 58 min and 43 s in
the urban areas and 49 h 26 min and 20 s in the rural areas.
During this time, 1031 encounters between two striped field
mice were noted (detailed information in Table 1). Besides
the studied animals, other rodent species, mammalian preda-
tors, and birds appeared in some trap sites. These were e.g.
the common vole Microtus arvalis, the bank vole Myodes
glareolus, other species of the genus Apodemus (the yellow-
necked or wood mouse), the stone marten Martes foina, the

cat Felis catus, the least weasel Mustela nivalis, the great tit
Parus major, the Eurasian blue tit Cyanistes caeruleus, the
Eurasian magpie Pica pica, and the Eurasian wren Troglo-
dytes troglodytes. The observations of these species and their
intraspecific or interspecific encounters were not analyzed
in this work. The studied species was clearly distinguishable
from the other species of small mammals by the character-
istic dark stripe on the back.

Data analysis

During our study, we did not mark animals individually;
hence, there was no possibility of individual identification.

Table 1 Study effort (time of

- ! Study site localization and
camera trapping) and material

Time of observa-

Total time when the studied species No of encoun-

- g number tion [h] was observed [h:min:s] ters recorded

obtained for particular study

sites Rural 1 24 0:37:33 12
Rural 2 24 1:23:45 12
Rural 3 24 1:18:45 0
Rural 4 24 1:22:33 0
Rural 5 24 0:55:12 0
Rural 6 24 1:11:53 0
Rural 7 24 0:55:43 0
Rural 8 24 0:59:16 0
Rural 9 24 1:22:37 0
Rural 10 24 1:43:27 0
Rural 11 24 1:42:36 1
Rural 12 24 2:10:36 2
Rural 13 24 2:11:31 0
Rural 14 24 5:59:14 33
Rural 15 24 10:47:18 130
Rural 16 24 9:54:41 64
Rural 17 24 2:50:24 4
Rural 18 24 1:59:16 4
Total for rural sites 432 49:26:20 262
Urban 1 24 3:58:25 6
Urban 2 24 2:24:29
Urban 3 24 0:44:08
Urban 4 24 4:27:36 3
Urban 5 24 13:36:01 232
Urban 6 24 14:09:13 144
Urban 7 24 12:03:02 357
Urban 8 24 0:58:52 4
Urban 9 24 2:30:01 2
Urban 10 24 2:30:48 2
Urban 11 24 3:10:51 2
Urban 12 24 3:57:17 5
Urban 13 24 2:34:52 6
Urban 14 24 3:08:05 2
Urban 15 24 5:45:03 3
Total for urban sites 360 75:58:43 769
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Similarly, we were not able to distinguish the sex or age of
the recorded individuals. We assumed that all individuals
were sexually inactive during the observations (the studies
were conducted in winter) and the number of males and
females did not differ significantly (based on literature data:
Lopucki et al. 2013). Such limitations in data description
were necessitated by the demands of urban research—it is
difficult to carry out repeated live trapping, marking, and
observations of rodents in publicly accessible green areas
in the city centre, because such research activity arouses
interest of onlookers and may result in disturbances in the
experiment, vandalism, or theft of the camera traps. Due
to these limitations, we did not mark the individuals and
considered our material as a randomly collected pool of
behavioral observations allowing general characterization
of behavior dominating in urban or rural populations. To
limit the possibility of repeated observations of the same
individual, camera-trap sites were isolated from each other
by distance or anthropogenic barriers, so that the same ani-
mals are not visiting multiple traps. The problem with the
identification of individuals and independence of observa-
tion is a typical limitation of camera-trap studies, since many
animals do not show clear individual differences and even
sexual dimorphism. Therefore, individual marking adapted
to the camera trapping method has been used in very few
studies (Lopucki 2007; Sollmann 2018).

Assuming these restrictions, which applied to both
urban and rural populations, we considered each encoun-
ter as an independent observation for which we were able
to provide the following information: (1) time of occur-
rence of the encounter—based on sunrise and sunset over
the period studied, we divided the encounters into daytime
(7:00-15:59) and nighttime (16:00-6:59); (2) the duration
of the encounter with an accuracy of one second; (3) behav-
ior of the animals described using qualitative categories:
aggression, tolerance, avoidance; (4) escape behavior of the
individuals upon the encounter—we noted which individual
was the first to escape from the observation point: the ani-
mal that appeared earlier (the first to find food) or the one
that appeared later. In addition, using the average number of
encounters in the study sites as a reference value (i.e., 31.2
encounters per site), we divided the sites into two groups
in terms of the density of the rodents: a study site with the
number of encounters < 31.2 or>31.2 was assigned to a low-
or high-density group, respectively (Table 1).

Due to the previously described limitations related to
our data, we tested various modeling approach, including
study site as random variable, which showed a convergence
error due to too many random slopes. Finally, we adopted
the simplest solution based on generalized linear models
with a binary dependent variables. As a results, statistical
analysis was carried out in two steps. First, the differences
in the prevalence of a given type of behavior during the

direct encounters in the urban and rural populations were
analyzed. In this analysis, the probability of frequency of
each type of behavior (aggression, avoidance, or tolerance)
was estimated in three separate generalized linear models
with binary dependent variables. The following data encod-
ing was applied: while analyzing the frequency of aggres-
sive behavior in a given population, we marked all encoun-
ters with aggression as “1” and other encounters (tolerance
and avoidance) as “0”. An analogous method was used for
construction of models for tolerance and avoidance. In all
these models, the following response variables were used:
(a) “site and time of encounters” divided into three groups:
urban population daytime encounters (Urban Day), urban
population nighttime encounters (Urban Night), and rural
population nighttime encounters (Rural Night) (there were
no “rural population daytime encounters”, because the rural
rodents were not active during the day), (b) “rodent den-
sity in the study sites” divided into two groups: low density
and high density, and (c) “duration of the encounter”—as a
covariate.

In the second step of the analysis, we checked whether
the escape behavior of the encountering individuals differ
between the urban and rural populations. We built a model
with a binary dependent variable, where escape of an indi-
vidual that was the first to find the food was marked as “1”,
and escape of the second individual was marked as “0”. We
did not use data describing cases of simultaneous escape of
both encountering individuals, but such cases were very rare.
In this model, the following response variables were used:
(a) “site and time of encounters” and (b) “rodent density in
study sites” (as above). The escape behavior was analyzed
only for the aggressive and avoidance encounters, i.e. related
to fighting in defense or for access to the resource (food).

To choose the best-fit model, we compared the models
using the Akaike Information Criterion in the backward
elimination procedure. Statistically significant variables
in the model were compared using the least significant dif-
ference test (LSD). All statistical analyses were performed
using SPSS software (version 24.0, IBM Corporation,
Armonk, NY, USA).

Results

As can be seen in Table 1, our camera-trapping effort for the
rural population was larger (432 h of observation) than for
the urban population (360 h of observation). Nevertheless,
larger material demonstrating the presence of A. agrarius in
the observation sites (total time of observation of the spe-
cies) was obtained for the urban than rural areas (75:58:43
and 49:26:20, respectively). Even greater disparities were
found in the number of recorded encounters—769 in the
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Fig.2 Comparison of the urban and rural populations in terms of the
camera-trapping effort, total time of observation of the species, and
the number of recorded direct encounters

urban sites and 262 in the rural sites (Table 1). These differ-
ences are presented as percentage values in Fig. 2.

The encounters between the field stripped mice differed
between the rural and urban populations, and the behavior
of the rodent was dependent on the time of day. Significant

differences between analyzed groups (Rural Night; Urban
Day; Urban Night) were found in the case of tolerance and
avoidance behavior (Table 2). The avoidance behavior was
observed more rarely in Urban-Night group than Rural-
Night group (p=0.034) (Fig. 3). The tolerance behavior
was more common in Urban-Night group than Rural-Night
group (p=0.002) (Fig. 3). We found no statistically signifi-
cant differences in the case of aggression (Fig. 3). In addi-
tion, significant differences were noted in the frequency of
tolerance behavior in the urban population between the day
and night (p =0.034; Fig. 3).

The duration of the encounter was statistically signifi-
cantly variable in the models (p <0.000 for all types of
behavior, Table 2): the short encounter time meant avoid-
ance or aggression, whereas the long encounter time was
usually associated with tolerant behavior. The rodent density
in the site explained the frequency of aggression and avoid-
ance, but not tolerance behavior (Table 1).

In the model constructed for aggressive behavior, the
interaction between the “site and time of encounter” and
“rodent density in the site” was a statistically significant
(p=0.012; Table 2). However, regarding sites within the
same density groups, the only significant difference was
found between the rural population and the urban population

Table 2 Statistical summary

. . Source df  Aggression Avoidance Tolerance
of generalized linear models
for aggression, avoidance, Waldy? p Wald > p Waldy*> p
and tolerance behaviors and
predictors: (a) site and time of Intercept 1 14.987 0.000%* 30.119  0.000*  459.655  0.000*
encounters, (b) duration of the (a) Site and time of encounters 2 3.695 0.158 7.878  0.020% 11.820  0.003*
encounter, (¢) rodent density in (b) Duration of the encounter 1 78757  0.000% 106,798  0.000*  290.222  0.000*
the site and interaction (a) X (c) Lo . )
(c) Rodent density in the site 1 10.291 0.001* 11.222 0.001* -
Interaction (a) X (c) 2 8.924 0.012%* 5484  0.064 -

All models were statistically significant (for aggression: y*>=187.9, df=6, p=0.000, for avoidance:
1A =473.3 df=6, p=0.000, for tolerance: y>=923.8, df=3, p=0.000)

0.5 0.2 1.0
A, I
04 Rural-Night Urban-Night Urban-Day 0.8
2 p=0.002 p =0.034
@©
(]
E 03 p=0.034 0.6
2 0.1
9 O 4 )
s 0.2 ; . 7
= F77 77 % [ é
0.1 7 % 02| U
7 7/ 7
0.0 0.0— 0.0—
Aggression Avoidance Tolerance

Fig.3 Probability of the frequency of aggression, avoidance, and tolerance in the rural and urban populations of A. agrarius and pairwise com-

parison carried out with the use of the least significant difference test
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during nighttime in sites with low density. In this case, the
rural population was characterized by significantly lower fre-
quency of aggression than the urban population (p =0.015).

The escape behavior differed significantly between the
urban and rural populations and between the time of day (for
whole model: )(2 =14.7, df=3, p=0.002, for intercept: Wald
)(2=50.9, df=1, p=0.000, for site and time of encounters:
Wald y>=13.1, df=2, p=0.001, for density: Wald y*=1.7,
df=1, p=0.197). Compared with the urban population,
the individual in the rural population that was the first to
find the food (the first to appear in the observation site) was
less likely to run first upon a direct encounter (Fig. 4). Dif-
ferences at the border of statistical significance were also
observed in the urban population between night and daytime
(p=0.050, Fig. 4).

Discussion

We hypothesized that the behavior of A. agrarius from
urban and rural populations during direct encounters would
be different. However, we did not prejudge the nature of
these differences, because various reactions were described
in the literature, e.g. urban song sparrows Melospiza melo-
dia or Cuban rock iguana Cyclura nubile increased aggres-
sion (Lacy and Martins 2003; Evans et al. 2010; Scales
et al. 2011), while urban coyotes or coachwhip snakes may
potentially show increased tolerance towards conspecif-
ics (Atwood and Weeks 2003; Mitrovich et al. 2009). Our
results have shown that the social behavior in the urban and
rural populations of the species studied varies, but other fac-
tors are also important, e.g. the time of day when the social
encounters occur.

0.5

p = 0.000

0.4

p =0.050

0.3

0.2

Marginal means

0.1

Rural-Night  Urban-Night  Urban-Day

Fig.4 Probability of the frequency of escape of the individual that
was the first to find food (first to appear in the observation site) in
relation to the site and time of encounters and pairwise comparison
carried out with the use of the least significant difference test

The most basic difference observed in this study is that
urban individuals are less likely to avoid close encounters—
we recorded significantly more encounters in the urban area
than in the rural area, more than we could expect based on
the activity of the studied rodents (Fig. 2). The detailed
analysis of the animal behavior additionally confirmed this
finding—the encounters of the urban animals rarely ended
with an immediate escape of one or both individuals com-
pared to encounters of the rural animals (Fig. 3). However,
more frequent encounters of urban animals do not translate
into an increase in the frequency of aggression. In our study,
we found a significant effect on aggressive behavior only
in one case taking into account the interaction of several
analyzed variables (Table 2): during nighttime, the rate of
aggressive behavior in low-density sites was higher in the
urban than rural sites. Given the methodological limitations
of the camera-trap data, such results seem too weak and
unsupported by other observations to formulate far-reaching
conclusions about a greater level of aggression in social rela-
tions in urban areas in the case of A. agrarius.

The results showing the differences in the tolerance
behavior are much more convincing. Comparison of the
behavior of the urban and rural animals at night reveals a
significantly higher level of tolerance behavior in the city.
This is consistent with the hypothesis that individuals living
in the city, forced to live at a higher density, should mini-
mize the physiological costs of social interactions. Tolerance
of the close presence of other individuals can be a way to
mitigate energy costs of social interactions, because a high
frequency of aggressive behavior would be associated with
chronically elevated levels of stress hormones, which can
be harmful to the animal (Korte et al. 2005; Bonier et al.
2007). Agonistic encounters can be also detrimental to ani-
mals through a greater incidence of physical injuries and
increased disease transmission (Riley et al. 1998; Macdon-
ald et al. 2004; Parker and Nilon 2008; Hurtado and Mabry
2017). Reacting with aggression to the close presence of
other individuals is also costly in other ways, as it limits
the foraging time. Therefore, tolerance of the close pres-
ence of another individual, even near the source of food,
can be a favorable compromise. Such a compromise is easier
to accept for urban animals, because anthropogenic food,
which is an important part of their diet, is often available
ad libitum (Babinska-Werka 1981; Chavez-Zichinelli et al.
2013). Higher body weight in urban animals (Andrzejew-
ski et al. 1978; Lopucki et al. 2013) or lower stress levels
(French et al. 2008; Lodjak and Maegi 2014; Lopucki et al.
2019) may, therefore, also be a result of more tolerant social
behavior.

Additional data on the relationships between the individu-
als were provided by the analysis of the escape behavior dur-
ing aggression and avoidance encounters. Such behavior can
be interpreted in the context of the theory of monopolizing
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resources (Marty et al. 2019a,b). This monopolization can
be expressed by a direct fight in defense or for access to the
resource or by avoidance of confrontation. In the present
study, the bait, i.e. anthropogenic food, which is an attrac-
tive in winter conditions, was a resource-related object of
competition. For rodents from the rural population, the
appearance of such food is an unusual situation; hence, they
should be more strongly motivated to defend it against con-
specifics. If this is the case, an individual that was the first
to find the food source should be less likely to give way to
a competitor appearing later (it should be more motivated
to defend the valuable resource). For urban individuals, the
appearance of portions of anthropogenic food is a potentially
common situation (Babinska-Werka 1981; Chavez-Zichinelli
et al. 2013; Thomas et al. 2018). Therefore, such food is not
an extremely valuable resource, and it can be expected that
the urban animal will be less determined to defend it. Our
results seem to confirm this interpretation and show that the
escape behavior and the tendency towards monopolization
of resources can be useful indicators showing behavioral
differences in relation to urbanization.

Our results also showed interesting differences between
the behavior of the rodents during the day and night. The
rural mice were active only at night, while the representa-
tives of the urban population extended their period of activ-
ity to daytime. Urban animals use daytime hours for foraging
because these hours are more thermally favorable in winter,
while the pressure of natural predators in the city is lower
(for details see Lopucki and Kiersztyn 2020). Our behavioral
observations, however, provide insight into this issue and
indicate that daily activity is associated with a different set
of social behaviors, which largely resembles the behavior
of rural animals: during the day, urban rodents are more
likely to avoid each other, are less tolerant, and show aggres-
sion at the same level as their rural counterparts (Fig. 3). It
is possible that such atavistic (characteristic of non-urban
populations) behavior is associated with the perception of
a higher predation risk during the day due to better visibil-
ity and higher noise pollution. It has been demonstrated in
many papers that light is perceived by rodents as an indi-
rect cue of predation risk and thus influences their behavior
(Clarke 1983; Kotler 1984; Brillhart and Kaufman 1991;
Shapira et al. 2013; Farnworth et al. 2016). It is also known
that continuous anthropogenic noise can increase vigilance
in animals, as it masks other signals from the environment
(Dukas 2004; Rabin et al. 2006; Barber et al. 2010; Kern
and Radford 2016). The higher vigilance (caused by light-
ing or noise) sensitizes small mammals to sudden appear-
ance of another individual and more often causes an escape
response. All these observations indicate that the plasticity
of the social behavior of urban animals may be wider than
usually described and depends on e.g. their daily activity.
This shows how much research still needs to be done to
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determine to what extent the behavior of urban adapters is
only a makeshift (stopgap) to evolve more sustainable solu-
tions that facilitate the functioning of urban populations.

Conclusions

We found that urbanization affects the social behavior of
A. agrarius. In the case of the studied species, an increase
in tolerance rather than aggression in social relationships
is the behavioral adaptation to urban life. Urban animals
showed more tolerance behavior and had a lower tendency
toward monopolization of food sources than rural mice. The
behavior of urban animals, however, varies depending on the
time of day: during the day, urban rodents are more likely to
avoid each other, are less tolerant, and show aggression at
the same level as their rural counterparts. We hypothesize
that such atavistic behavior of urban animals during the day
is associated with the perception of a higher predation risk
due to better visibility and higher noise pollution. Our results
open an avenue for formulating and verifying new hypoth-
eses about the social behavior of urban populations.
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