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Abstract

A variety of vertebrate species display lateralization of visual perception of
threat. However, the vast majority of studies were carried out in the laboratory
conditions, and little is known about the relevance of this lateralization for ani-
mals in their natural environment. The aim of our work was to study lateralized
visual perception of potential threat in the steppe marmot. The asymmetric
use of visual fields when reacting to an approaching threat was assessed in two
wild populations of marmots. The results showed that marmots predominantly
used the right eye for threat monitoring. A significant impact of anthropogenic
disturbance was found both within and between the populations. The right-
sided preference was reduced in animals inhabiting areas with high degree of
anthropogenic disturbance. The eye (left/right) a focal individual used for threat
monitoring did not influence its flight initiation distance. Contrary to a previous
study, our results do not suggest that the use of a particular eye affects the
speed of threat assessment.

Keywords: functional brain asymmetry, visual lateralization, eye preference,
flight initiation distance, Marmota bobak

Introduction

The asymmetrical functioning of the cerebral hemispheres has been demonstrat-
ed for a wide range of vertebrate animals. It was shown that the functional spe-
cialization of the hemispheres is not absolute, and the left or right hemisphere can
dominate depending on the process performed (Vallortigara et al., 2011). A com-
mon manifestation of interhemispheric asymmetry is perceptual lateralization,
when the information coming from sensory organs on the left and right sides of
the body is processed differently. The asymmetrical perception of sensory stimuli
is underpinned by the dominance of the left and right hemispheres in processing
information of different types. For example, animals can turn toward a stimulus
with the right/left side of the body or head to keep it the right/left visual field. As
a result, visual information about this stimulus will mainly be processed by one of
the hemispheres (Rogers, 2017).

Recognizing and responding to potential threats is a basic survival function
of the brain. Lateralization of threat perception has been found in a number of
vertebrates, e.g., birds (Rogers and Kaplan, 2006; Koboroft et al., 2008), primates
(Hook-Costigan and Rogers, 1998) and rodents (Kim et al., 2012; Shibasaki et
al., 2014). However, some studies failed to reveal any significant lateral bias in
this function (Collins, 1985; Blumstein et al., 2018). In most of the species studi-
ed, the right hemisphere plays a dominant role in the perception of threat from
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both conspecifics (Forrester and Todd, 2018) and preda-
tors (Lippolis et al., 2005; Kim et al. 2012). This lateral-
ization is manifested in the form of preferential use of
the left eye/left visual field during the inspection of the
source of threat. The lateralized reaction to threat can be
influenced by the presence of sources of potential dan-
ger in the environment: with an increase of probability
of becoming a prey to a predator, the manifestation of
lateralization increases (Heuts, 1999; Ferrari et al., 2015;
Chivers et al., 2017; Lucon-Xiccato et al., 2017).

Visual lateralization can be beneficial to an animal
providing a faster response to stimuli requiring different
behavioural responses. For example, there is evidence
that visual lateralization in chickens (Gallus gallus) en-
ables them to perceive potential food items and monitor
potential hazards simultaneously in the most effective
way (Rogers et al., 2004). At the same time, strong visual
lateralization may be associated with an increased risk of
predation. Repeated one-sided preference may become a
predictable reaction for a predator, which would be able
to predict the direction of movement of prey and take
advantage of this during chasing (Vallortigara, 2000).
Thus, some intra-population variation in the degree
of lateralization manifestation may be adaptive (Val-
lortigara, 2000; Chivers et al., 2017).

Although visual lateralization for monitoring a po-
tential threat has been described for a number of verte-
brate species, the vast majority of studies have been lim-
ited to establishing the fact of lateralization. Very little is
known about the relationship between visual lateraliza-
tion and other behavioural characteristics in respond-
ing to danger, especially in the natural environment. The
study on yellow-bellied marmots (Marmota flaviventris)
showed the absence of eye preference in threat monitor-
ing, however, in individuals with left-sided lateralization,
a faster reaction to threat was revealed (Blumstein et al.,
2018). Similarly, Australian magpies (Gymnorhina tibicen)
did not have a population bias for visual inspection of an
approaching threat, while those birds that used their left
eye more gave alarm calls more frequently (Hoffman et
al., 2006). Thus, despite the advantage of the lateralization,
it is not manifested as preferred eye use in the population,
i.e. the number of individuals using the left eye for moni-
toring threat was not larger than the number of individu-
als using the right eye for this. These results indicate that
further investigations are needed to reach a better under-
standing of the factors determining the manifestation of
visual lateralization in threat perception in populations.

Our study aimed to assess the existence of visual lat-
eralization in monitoring of threat in the steppe marmot
(Marmota bobak, Muller, 1776), test inter-population
differences and the impact of anthropogenic disturbance
in the habitat. We also investigated the relation between
animals’ visual preferences during threat monitoring
and their reactivity.

Methods
Study subjects and sites

The experiments on the wild steppe marmots (Marmota
bobak) were conducted from 15 to 25 May 2019 and
from 16 April to 17 May 2020 in the rural areas of the
Saratov region, Russia. The steppe marmot is a typical
inhabitant of the Eurasian steppes, whose distribution
and population numbers were significantly reduced
in the first half of the 20 century due to hunting and
ploughing of land in their habitats (Tsytsulina, et al.
2016). Two populations of the steppe marmot inhabiting
the Saratov region were studied: ‘Nizhne-Bannovskaya’
(NB) and ‘Yagodno-Polyanskaya’ (YP). In each popula-
tion, we studied areas with both low and high levels of
anthropogenic disturbance.

In total, the behavioural responses of 321 adult in-
dividuals (males and females without pups seen nearby)
were analyzed (Table 1). Young individuals and females
with pups were excluded from the analysis, since they
were usually observed in groups and their behavioural
reactions were probably influenced by the presence of the
conspecifics nearby. The individuals were not marked.
As marmots are sedentary mammals using the same
burrows for prolonged time periods we distinguished
individuals by the GPS location of their burrows. Differ-
ent parts of the population were studied within a single
continuous session to avoid re-sampling of the same in-
dividuals due to their local movements. Different parts
of the populations were visited on different days, so the
risk of testing the same adult individual in different parts
of the population territory was minimal.

Study populations and colonies

Nizhne-Bannovskaya population. The territory occupied
by this population covers the slopes of valleys, ravines
and plateaus along the right bank of the river Volga, in

Table 1. The number of individuals of the steppe
marmot studied

Population 2019 2020 Total
Nizhne-Bannovskaya 74 126 200
Areas with high anthropogenic 28 63 91
disturbance
Areas with low anthropogenic 46 63 109
disturbance
Yagodno-Polyanskaya 38 83 121
Areas with high anthropogenic 38 55 93
disturbance
Areas with low anthropogenic - 28 28
disturbance
Total 112 209 321
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Fig. 1. Location of the steppe marmot colonies (NB1-NB5) from the Nizhne-Bannovskaya population.

the vicinity of the villages of Nizhnyaya Bannovka and
Belogorskoe, Krasnoarmeisky district. Five colonies of
marmots (NB1-NB5) were identified and studied in the
study area (Fig. 1).

Colonies NB1 (N50.6710°, E45.6306°), NB2
(N50.6833°, E45.6475°), NB3 (N50.7051°, E45.6500°) —
located on the landslide slopes of valleys are charac-
terized by a relatively low level of anthropogenic dis-
turbance. In the vicinity of these colonies there are no
roads/paths with heavy traffic, household and residen-
tial buildings, there is no grazing, hay harvesting, or
noise pollution.

Marmot colonies NB4 (N50.7213°, E45.5933°) and
NB5 (N50.7388°, E45.6515°), on the contrary, are dis-
tinguished by a high level of anthropogenic disturbance.
Colony NB4 is located within the abandoned village
of Verkhnyaya Bannovka. Marmot burrows are found
mainly in the numerous remnant foundations of houses.
The territory occupied by the colony is used for the daily
grazing of cattle. A dirt road regularly used by the local
human population goes through the central part of the
colony. The frequency of traffic is approximately one car
per hour during the day.

Colony NB?5 is located in close proximity to the vil-
lage of Nizhnaya Bannovka. It is located on the tops of
the ravine slopes, bordering the village from the north.
Some burrows are concentrated in the immediate vicin-
ity of agricultural buildings on the outskirts of the vil-
lage. The territory occupied by the colony is used for
daily grazing of cattle, and there is constant noise pollu-
tion. The central part of the colony is crossed by a public
road connecting neighbouring settlements.

Yagodno-Polyanskaya population. Marmot colonies
lie along the slopes of the Sokurka river valley from Ya-
godnaya Polyana village to Sokur village, Tatishchevsky
district. Three colonies were studied in this area — YP1
(N51.9583°, E45.6967°), YP2 (N51.9646°, E45.7635°)
and YP3 (N51.9681°, E45.8048°) (Fig. 2).

Colonies YP1 and YP2 are located on the left slope
of the Sokurka river valley separated from each other
by a field and a valley of an unnamed stream. Both YP1
and YP2 colonies reside close to an active farm (some
burrows in YP1 are located in the immediate vicinity of
buildings), constantly used pasture and a dirt road. The
only exception is the extreme eastern part of the YP1
colony, located at the foot of the northern slope of an
isolated ravine.

Colony YP3 occupies an array of hills on the right
side of the Sokurka river valley. Only the western edge
of the colony, located in an area with intensive grazing,
experiences an increased anthropogenic load. The main
part of the colony is dispersed along the slopes of ravines
and in the plateau between them, where cattle grazing
and hay harvesting are not carried out. Because of the
rough terrain, there are no transit roads or buildings.

Data collection

The method used in the present study resembles that
applied in the previous studies on birds (Hoffman et al.
2006) and mammals (Blumstein et al., 2018). In the wild
many animals, including marmots, display antipreda-
tor response when they are approached by humans. By
walking toward an animal it is possible to investigate its
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Yagodnaya Poliana

Fig. 2. Location of the steppe marmot colonies (YP1-YP3) from the Yagodno-Polyanskaya population.

reaction to the approach of a predator (Frid and Dill,
2002; Cooper and Blumstein, 2015).

First, a researcher with binoculars searched for a
single marmot that was outside a burrow. After finding
the animal which did not notice the observer (i.e., did
not look at him or react otherwise), the observer moved
directly toward the animal, adhering to a rectilinear di-
rection with a constant speed of about 0.5 m/s. During
each approach, the registration of the animal’s behav-
ioural reactions was carried out. The behaviour of each
individual was recorded only once. The study popula-
tions occupied relatively large territories with many hills
and depressions, therefore it was possible to test one in-
dividual and remain unnoticed by the others.

The reaction of marmots to the approaching human
was similar to that observed in the case of an approach
of a natural predator (Frid and Dill 2002; Blumstein et
al., 2018). The behaviour of marmots in response to the
approaching investigator was similar in both popula-
tions. When a source of threat was detected, the animal
vocalized with a characteristic short loud call and took
an upright position (a bipedal stance providing the best
visibility; Fig. 3) at a distance of about a meter from the
entrance to the burrow and stood still (froze). In this posi-
tion, the animal always exposed one side of the body and
head to the observer. During the further approach of the
observer, the animal kept this position calling periodically
until it fled into the burrow. The side of the body and head
exposed to the investigator was always the same. Only one
individual turned from one side to the other after initial
freezing and it was excluded from the analysis.

The eye used to monitor a potential threat (ap-
proaching human) was determined by the position of the

head and body of the animal in relation to the observer.
For each individual, the following data were recorded:
(1) time of detection of the animal, (2) GPS coordinates
of the observer at the moment when the animal reacted
first to human by freezing, (3) GPS coordinates of the

Fig. 3. A marmot monitoring the approaching human with its right
eye.
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observer at the moment when the animal fled and hid
in a burrow, (4) lateral position of the head and body of
the animal in relation to the observer, (5) GPS coordi-
nates of the burrow, (6) presence of the sources of an-
thropogenic disturbance nearby (roads, cattle grazing,
residential buildings, etc.). Registration of coordinates
was carried out in the WGS84 geocentric system using a
GPS navigator Garmin eTrex 10. For each individual, we
calculated the approach distance (the distance covered
by the observer from the moment the marmot froze to
the moment when it fled into the burrow) and the flight
initiation distance (the distance between the animal and
the observer at the moment when the marmot fled into
the burrow). Flight initiation distance (FID) is a widely
applied method for quantifying threat perception (e.g.,
Cooper and Blumstein, 2015). The measurement of the
distances using the GPS coordinates was carried out in
the Google Earth Pro program.

Statistical analysis

The statistical analyses were carried out in R v. 4.0.3
(R Core Team, 2020) and R based JASP Statistical Analy-
sis (ver. 0.14.1; https://jasp-stats.org/).

To compare the proportions of right- and left-eye
uses in marmots from different years of study, in differ-
ent populations and in areas with different degrees of
anthropogenic disturbance, as well as to compare the
degree of anthropogenic disturbance in different popu-
lations, we used the z-test for proportions, implemented
using the function ‘prop.test’ from the ‘stats’ package.

According to a Shapiro — WilK’s test, data were not
normally distributed; therefore, the distance data were
log-transformed (base 10) to improve normality. To
analyze the relationship between the approach distance
(freezing to flight) and eye use as well as between the
flight initiation distance and eye use a Welch’s t-test was
used. To test the relation between the approach distance
and the flight initiation distance a linear regression anal-
ysis was employed.

Results and discussion
Visual lateralization in response to threat

Comparison of the proportions of right-sided and left-
sided responses between 2019 and 2020 study years
failed to reveal any significant difference both in the to-
tal sample (z = 0.02, p = 0.89) and when samples for each
population were considered separately (Nizhne-Ban-
novskaya population: z = 0, p = 1; Yagodno-Polyanskaya
population: z = 0.11, p = 0.73). Therefore, the data were
further combined. Most marmots used their right eye to
monitor the source of potential threat (63.6 %, 204 out of
321 individuals; z = 23.58, p < 0.001).

The results demonstrate for the first time the right
eye lateralization of the threat perception in a rodent.
The preferential use of one eye to inspect a specific
stimulus reflects the prevalent role of the contralateral
hemisphere in the processing of the visual information
about this stimulus, as proven by a wide range of studies
on vertebrates (reviewed in Rogers, 2017). Earlier, the
experiments showed the dominance of the right hemi-
sphere, presumably reflected by the left visual hemi-
field preference, when processing information about
the sources of threat in mice (Mus musculus) (Kim et
al., 2012). A study by Blumstein et al. (2018) on yellow-
bellied marmots (Marmota flaviventris) did not show
any significant lateralization in this behaviour. In other
mammals, most studies have shown left-eye visual lat-
eralization in threat avoidance responses (e.g., Rogers
et al.,, 2004; Lippolis et al., 2005; Austin and Rogers,
2007). Thus, the results on marmots (Blumstein et al,,
2018 and the present work) are not in line with the gen-
eral pattern of lateralization direction in the perception
of threat. Specific experimental conditions in the stud-
ies on marmots may have an impact on this inconsis-
tency. The approaching by human investigator to elicit
antipredator response may influence the stability of lat-
eralization displayed by the animals. That is, the vari-
ability of lateralized reaction associated with the prior
experience with human encounters (discussed below)
can make this method not optimal for testing lateral-
ization of threat perception. Future studies on rodents,
including marmots, should focus on testing lateralized
antipredator responses using alternative methods, e.g.,
robotic models of natural predators of the species (Ro-
mano et al., 2019).

The tendency to use the right eye for threat mon-
itoring was observed both in areas with high and low
anthropogenic disturbance but the strength of lateraliza-
tion differed significantly between these areas (two-pro-
portion z = 1.97, p = 0.038). The significant preference
for the right eye was found in individuals inhabiting the
areas with low anthropogenic disturbance (z =17.53, p <
0.001). However, in marmots inhabiting the areas with
high anthropogenic disturbance, the lateral bias did not
reach significance (z = 3.13, p = 0.077).

There were no noticeable differences in other eco-
logical parameters and landscape between the areas
with low and high anthropogenic disturbance. That
is, the degree of anthropogenic disturbance itself was
likely the reason for the differences in the behavioural
lateralization. It has been previously shown that later-
alization can manifest itself to varying degrees depend-
ing on the pressure of predators on a given population
(Heuts, 1999; Ferrari et al., 2015; Chivers et al., 2017;
Lucon-Xiccato et al., 2017). For example, the poeciliid
fish, Brachraphis episcopi from populations with a high
predator pressure exhibited right-sided lateralization in
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Fig. 4. Frequency of right and left eye use by marmots when observ-
ing an approaching threat. NB — Nizhne-Bannovskaya population,
YP — Yagodno-Polyanskaya population.

threat perception, while fish from populations with a
weak predator pressure did not show any visual prefer-
ence (Brown et al., 2004). In our case, steppe marmots
living in areas with high anthropogenic disturbance, i.e.
with regular non-threatening encounters with humans,
could perceive the observer as not a dangerous stimu-
lus and, consequently, display weaker lateralization. The
population of another marmot species (M. flaviventris,
Blumstein et al., 2018) was also exposed to the high
level of non-threatening anthropogenic disturbance
(long-term research). This may explain the absence of
lateralization in this previous study. Alternatively, un-
der conditions of strong anthropogenic disturbance,
the variety and the complexity of disturbance factors
increases, they become less predictable for the animal.
Perhaps such conditions lead to a less stereotyped per-
ception of threat. At the group level, this can lead to a
decreased manifestation of one-sided lateralization,
which could be a mechanism to reduce predictability of
the behaviour, making the colony more resistant to new
unknown threats (Vallortigara, 2000).

The analysis of data across populations showed
that visual lateralization in threat monitoring had be-
tween-population differences (Fig. 4). Marmots from
the Nizhne-Bannovskaya population more often used
the right eye to monitor the observer (71 %, 142 out of
200 individuals; z = 35.28, p < 0.001, n = 200). At the
same time, in the Yagodno-Polyanskaya population,
no preference was revealed: the animals used the right

and left eyes equally often (z = 0.07, p = 0.79, n = 121).
Comparison of the degrees of the anthropogenic im-
pact on the population showed that the proportion of
areas with a high level of anthropogenic disturbance in
the Yagodno-Polyanskaya population was significantly
higher than in the Nizhne-Bannovskaya population
(YP: 60.5%, NB: 25.7 %; two-proportion z = 32.86, p <
0.05). Thus, the found inter-population differences in
the manifestation of visual lateralization suggest that it is
influenced by the degree of anthropogenic disturbance
in the marmot habitat. However, we cannot exclude the
possibility that lateralization may be influenced by some
additional local factors that were not taken into account
in our study. For instance, the habitat of the Yagodno-
Polyanskaya population, in contrast to the Nizhne-Ban-
novskaya population, is characterized by a somewhat
flatter, less dissected relief, which could affect the pecu-
liarities of the perception of danger by marmots. Fur-
ther studies on a larger number of populations differing
in the level of anthropogenic disturbance are needed to
test the hypothesis about the impact of anthropogenic
disturbance on the manifestation of visual lateralization
in threat perception.

Lateralization in relation to approach and flight
initiation distance

The average distance (+ SEM) covered by the observer
between a focal marmot freezing point and the point
when the animal fled into the burrow (approach dis-
tance) was 42+2 m, the average flight initiation dis-
tance was 76+2 m. The use of the left or right eye for
threat monitoring did not significantly affect either
the approach distance (left: 44+4 m vs. right: 4143 m;
t=-0.27, p=0.789, Welch’s t-test) or the flight initia-
tion distance (left: 77 +4 m vs. right: 75+ 3 m; t=-0.11,
p=0.914). Linear regression analysis failed to reveal any
relation between the approach distances and the flight
initiation distances (p =0.960).

The previous study on the yellow-bellied marmot
showed that the individuals using their left eye to moni-
tor threat hid in the burrow faster than the individuals
using the right eye. This may indicate that the left eye
(right hemisphere) use provides an advantage in the
assessment of potential threat (Blumstein et al., 2018).
Similarly, white-fronted geese seem to show improved
recognition of potential threats when monitoring them
with the left eye (Zaynagutdinova et al., 2020). Our re-
sults do not suggest that the use of the left or right eye
affects the speed of assessment of a potential threat in
steppe marmots. Nevertheless, the right eye lateraliza-
tion does prevail in the population, implying that some
other benefits associated with the use of the right eye
may exist.
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Conclusion

Our results showed lateralization in visual perception of
the source of potential danger in steppe marmots in the
wild. Marmots predominantly use the right eye to moni-
tor approaching human. Within the population, the
right-sided preference is more pronounced in animals
inhabiting areas with low anthropogenic disturbance.
In line with this, the inter-population difference in the
direction of lateralization suggests that the right-sided
preference is stronger in the populations with lower
human activity. Such basic characteristics of threat re-
sponse as the approach and flight initiation distances are
not affected by the direction of visual preference.
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