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Abstract—In three rodent species with different types of nutrition, a targeted “predator—prey” type interac-
tion with mobile prey was revealed for the first time and described in detail. The granivorous striped field
mouse, herbivorous narrow-skulled vole, and omnivorous Campbell’s dwarf hamster have an equally effi-
cient, stereotypical hunting behavior that is in many ways similar to the behavior of the common shrew (spe-
cialized insectivorous species). At the same time, the hunting rate in rodents is lower than in insectivores.
Unlike insectivorous species, rodents have a stereotypical hunting behavior that is manifested facultatively
(completely, but not in all individuals). The portion of “hunters” in narrow-skulled voles is two times lower
than that in striped field mice. The tactics of prey Kkilling vary in different species: striped field mice, narrow-
skulled voles, and shrews immobilize an insect with a series of quick bites; Campbell’s dwarf hamsters bite off
limbs of the prey, which is apparently a manifestation of a more specialized hunting behavior. The nature of
hunting attacks is different: first capturing the prey by teeth, rodents move to a capture with paws, while
shrews use only teeth, which indicates a relative primitiveness of their predatory behavior. Campbell’s dwarf
hamsters can start the attack with a capture using both teeth and paws, which characterizes their hunting
behavior as the most evolutionarily advanced among the studied species. The stereotypes of hunting behavior
in all three rodent species are manifested according to the principle “all at once” and are not affected by expe-
rience. The hunting behavior of rodents can be considered an evolutionarily stable strategy that supports the

ability of populations to hunt moving insects in order to expand the spectrum of food resources.

DOI: 10.1134/52079086420050060

INTRODUCTION

Rodents are a diverse and prosperous group. They
account for ~40% of mammals by the species number
and possess (in addition to morphological and physi-
ological peculiarities) a number of behavioral adapta-
tions. The abilities of rodents to choose the optimal
diet and to switch to new food sources in a changing
environment have so far been studied mainly for her-
bivorous species relative to different plant species
(Soininen et al., 2013), as well as for omnivorous spe-
cies with wide preferences. Thus, manifestations of
neophobia in relation to new food odors are minimal
in gray rats Rattus norvegicus Berkenhout living in
a highly volatile environment (Modlinska and Stryjek,
2016). Almost all rodent species are omnivorous to
some extent (Landry, 1970), and the inclusion of
invertebrates and even small vertebrates in the diet was
noted for many of them (Levenets et al., 2016). How-
ever, the information on animal consumption by
rodents was obtained from an analysis of stomachs and
feces (Levenets et al., 2016). The observations of prey
capture were performed on rodents caught in natural
conditions and placed in a laboratory (Rowe, A. and

Rowe, M., 2006); individual observations of hunting
for invertebrates (grasshoppers and butterflies) in
nature are known only for Campbell’s dwarf hamster
(Levenets et al., 2019). Until recently, the process of
hunting for mobile prey was studied only on the exam-
ple of several species: the predatory grasshopper
mouse Onychomys torridus Coues, the omnivorous
white-footed and deer mice Peromyscus leucopus Raf-
inesque and P. maniculatus Wagner (Kreiter and Tim-
berlake, 1988; Timberlake and Washburne, 1989), the
golden hamster Mesocricetus auratus Waterhouse
(Langley, 1986; Polsky, 1977), and the gray rat R. nor-
vegicus (Haug and Johnson, 1991). The role of individ-
ual skills was revealed by hamsters: from the first
meeting with a potential prey, specialized grasshopper
mice exhibit innate hunting behavior in every detail,
while efficient interaction with the prey in white-
footed and deer mice requires an accumulation of
experience (Kreiter and Timberlake, 1988). This
means that the coordination of motor acts in hunting
behavior in different rodent species is controlled by
genetic programs to varying degrees. These works laid
the foundation for the study of different adaptations in
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rodents during the hunt for mobile prey. It was found
that the members of the grasshopper mouse Onycho-
mys genus are specialized hunters who kill inverte-
brates and small vertebrates both in vivo and in labora-
tory conditions and have morphological and physio-
logical adaptations to interaction with mobile prey,
including dangerous prey such as scorpions (Sarko
et al., 2011). The hunting behavior of laboratory lines
of house mouse in relation to crickets has been used in
recent years as a model for studying perceptual (Hoy
et al., 2016) and neurological (Han et al., 2017) mech-
anisms of the interaction between rodent and prey.
Laboratory experiments recently found that the hunt-
ing behavior in relation to insects in the field mice
Apodemus agrarius Pallas (Panteleeva et al., 2013) and
bank voles Myodes glareolus Schreber (Konczal et al.,
2016), which (in addition to house mice) have no mor-
phological or physiological adaptations to hunting,
indicate the presence of behavioral adaptations in
rodents with different types of nutrition for the capture
of mobile invertebrates. A question arises about the
identification of specific behavioral stereotypes in
rodents, the use of which can expand the adaptive
potential of the species due to the possibility of
a switch to mobile prey. Under stereotype, we mean
a behavioral sequence consisting of persistently
repeating elements (Panteleeva et al., 2010).

In our studies, a constant interaction of small
mammals with red wood ants was detected for the first
time in vivo (Panteleeva et al., 2016). This gave rise to
laboratory experiments was detected for the first time
the active hunting of mobile insects (including numer-
ous, aggressive, and dangerous insects, such as ants)
by A. agrarius field mice (Panteleeva et al., 2013;
Reznikova et al., 2017). It was demonstrated that the
hunting behavior of the field mice is organized into
a stereotype, which includes the detection, pursuit,
attack, and processing of the prey. As part of the hunt-
ing stereotype, the attack includes the throwing and
grasping of the prey and can be considered a fixed
complex of actions (FCA) (Dewsbury, 1981; Zorina
etal., 2013), i.e., is a species-specific, innate, and
template complex of motor acts. In ethology, the
behavioral act is considered innate if it is manifested
with sufficient completeness from the first event
(Dewsbury, 1981). Our experiments (Reznikova et al.,
2017) demonstrated that a holistic hunting stereotype
is completely manifested in young, “naive” animals
(i.e., grown without contact with the appropriate stim-
uli) without the preliminary experimentation, i.e., on
the principle of “all at once” (Reznikova, 2005), and
is comparable in efficiency to the appropriate stereo-
types of specialized carnivorous species. It is import-
ant to note that the holistic innate stereotype of hunt-
ing behavior in the field mouse is facultative, i.e., it is
manifested completely, but not in all animals.

‘We hypothesized that the presence of carriers of the

hunting stereotype in the populations of nonpredatory
rodent species is an evolutionarily stable strategy
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(Maynard Smith and Price, 1973) that allows popula-
tions to expand the food spectrum with mobile insects.
The theory of evolutionarily stable strategies (ESSs)
was proposed by Maynard Smith and Price (1973) to
explain the coexistence of the groups of individuals
with alternative strategies of conflict resolution in
populations (“dove” and “hawk” strategies are classi-
cal examples). An ESS is a strategy that, when
accepted by a sufficiently large number of individuals
in a population, cannot be displaced by another strat-
egy; i.e., no other strategy can provide higher adapt-
ability. With changing external conditions, the ratio of
representatives of alternative strategies in the popula-
tion can vary, but the strategies remain evolutionarily
stable. A strategy is understood as the set of rules
determining which of the alternative behavioral pat-
terns will be accepted by the individual in any situation
throughout life. Each individual can accept only one
strategy, and different strategies suggest corresponding
differences in the genotypes. Unlike a strategy, tactics
are the use of one of the existing phenotypic variants
of behavioral patterns. According to the authors, ESS
theory was based in part on the ideas of game theory
and in part on the works of MacArthur (1965) and
Hamilton (1967) on the evolution of the sex ratio. This
predetermined a relatively wide use of the ESS model,
particularly, to describe the strategies of mating
(Dominey, 1984) and foraging behavior in conditions
of intraspecific competition (Sirot, 2000). Ideas simi-
lar to ESS that are based on game theory underlie the
studies on predator—prey interaction on the example
of the Eurasian sparrowhawk and common redshank
(Quinn and Cresswell, 2004). The labile ratio in pop-
ulations of the groups of individuals with different
nutrition strategies from the position of ESS has not
yet been discussed.

To verify the hypothesis about the presence of
hunters in rodent populations with different types of
nutrition as a manifestation of an ESS, as a first step,
we studied the stereotypes of hunting behavior in three
rodent species as compared with insectivorous species
(the common shrew) as a “predator standard.” We
were interested in indices of the stability of the stereo-
typical hunting behavior, its species specificity, and
the proportion of hunters in the studied rodent groups
reflecting the situation in natural populations. The
stability and specificity of the stereotype indicate that
it is a manifestation of individual strategy, but not tac-
tics.

MATERIALS AND METHODS

Laboratory studies were carried out in 2014—2018
on three rodent species with different types of nutri-
tion and population structure: the granivorous striped
field mouse A. agrarius (n = 26; 13 males and
13 females), the herbivorous narrow-skulled vole
Lasiopodomys gregalis Pallas (n = 46; 23 males and
23 females), and the euryphage Campbell’s dwarf
Vol. 10
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hamster Phodopus campbelli Thomas (n = 19; 8 males
and 11 females). Animals of each species were not
related to each other. According to the classification by
V.S. Gromov (2008), field mice are related to species
with a system of aggregation of individual habitats,
narrow-skulled voles live in poorly consolidated fam-
ily groups or colonies, and Campbell’s dwarf hamsters
occupy separate individual plots. Of the 26 field mice,
17 individuals were caught in vivo in the territory of the
forest—steppe Priobsk province 30 km from Novosi-
birsk, and nine were descendants of the second gener-
ation of previously captured animals. All narrow-
skulled voles were caught in the territory of Karasuk
Field Station of the Institute of Systematics and Ecol-
ogy of Animals (Siberian Branch, Russian Academy of
Sciences) (Novosibirsk oblast). The outbred Camp-
bell’s dwarf hamsters (n = 19) were provided by the
vivarium of the Institute of Cytology and Genetics
(Siberian Branch, Russian Academy of Sciences),
where they were kept for 20 generations. All Camp-
bell’s dwarf hamster individuals and the nine field
mice born in the vivarium were not previously in con-
tact with insects, i.e., they were naive relative to the
potential prey. The behavior of the common shrew
Sorex araneus Linnaeus taken from natural conditions
(n = 11) was studied for comparison. The speckled
cockroaches Nauphoeta cinerea Olivier (an average
body length of 27.93 = 0.4 mm) was used as a mobile,
safe prey. Additional experiments with Campbell’s
dwarf hamsters (n = 10) were carried out in 2018. In
different series of tests, the hamsters were offered both
safe and dangerous insects (red wood ants Formica
aquilonia Yarr.) presented in arenas in groups of ten
individuals (similar to Panteleeva et al., 2013). All ani-
mals were kept in individual cages and had a constant
access to water and food without limitations. The diet
included cereal mixtures, fruits, and vegetables, as well
as protein components (cottage cheese, boiled eggs).

To study the hunting behavior, animals in transpar-
ent arenas 30 X 30 X 35 cm in size were offered the
prey, and a video of their reactions was recorded
(atotal of ~100 h observations). Those individuals
who hunted upon the first presentation of an insect
were consistently offered up to two more prey units
within a single test. Testing continued until the com-
pletion of prey consumption, or it was stopped after
10 min if the animal showed no interest in the prey.
Thus, depending on the reactions of the animal, the
test could end on the first, second, or third unit of the
prey. The first reaction to the prey could be observed
for each animal only once: upon the first presentation
in the first test. To obtain a comparable number of
behavioral sequences, the field mice and common
shrews were tested two times; the narrow-skulled voles
were tested three times; and the Campbell’s dwarf
hamsters were tested seven times. The sequences of
behavioral elements obtained in all tests were detected
and analyzed with the Noldus Observer XT 10.1 pro-
gram (for details on the analysis method, see
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Reznikova et al., 2017). This allowed a comparison of
the nature and tactics of hunting behavior in different
species. The hunting effectiveness was estimated as the
ratio of the number of successful attacks ending with
the prey capture and the number of unsuccessful
attacks, in which the prey was lost and the animal
stopped actively searching. The hunting rate was esti-
mated as the number of behavior elements committed
per second. Only successful hunting acts that ended
with prey capture and consumption were analyzed in
detail, but all cases of unsuccessful attacks were also
registered. In each test, the animal could demonstrate
up to three successful attacks and unlimited unsuc-
cessful attacks. The proportions of hunting and non-
hunting individuals in different species, as well as suc-
cessful and unsuccessful attacks for different individu-
als, were compared with the Fisher’s exact test and
Bonferroni correction. The number of unsuccessful
attacks that preceded successful attacks was compared
for different species with the Mann—Whitney crite-
rion. To construct a scheme of the stereotypical hunt-
ing behaviors, the matrices of the probabilities of tran-
sition from one behavioral element to another (first-
order Markov process) were calculated (Casarrubea
et al., 2008). The hunting rate and number of elements
in the stereotypes were compared with the Kruskal—
Wallis H-criterion with Bonferroni correction. In the
comparison, the median, first, and third quartiles are
presented: Me (Q,—Q5).

RESULTS

All of the studied species demonstrated targeted
interaction with mobile prey according to the preda-
tor—prey type (Caro, 1980), which includes detection,
rapprochement (pursuit), attack, prey processing,
immobilization, and consumption. Unlike insectivo-
rous species with obligate manifestation of hunting
behavior (all 11 shrews hunted), the stereotype in
rodents was facultative (it did not occur in all animals).
Upon first presentation of the prey, 65.4% (17 of the
26) field mice, 36.8% (7 of 19) Campbell’s dwarf ham-
sters, and 18.5% (9 of 46) narrow-skulled voles
demonstrated active pursuit and attack. We note that,
among the hunting field mice, six animals (two males
and females females) were born in the vivarium, i.e.,
six of nine naive animals showed a complete reaction
to prey upon the first presentation, while three did not.
For the animals captured in natural conditions, the
ratio was approximately the same: 11 of 17.

After all of the repeated tests, the number of indi-
viduals exhibiting hunting behavior slightly increased:
up to 80.8% in field mice; up to 63.2% in Campbell’s
dwarf hamsters; and up to 39.1% in narrow-skulled
voles. The growth in the number of hunters is not sig-
nificant: p = 0.1939 for hamsters, p = 0.06595 for
voles; p = 0.3487 for field mice (Fisher’s exact test).

The hunting performance in different species was
assessed only for hunting individuals. According to the
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Table 1. Number of behavioral elements per hunting stereotype in the studied species

Behavioral elements Species
and transitions between them | fie]d mouse | narrow-skulled vole | Campbell’s dwarf hamster common shrew
Bite (W) 20 (10—30) 6 (2—20.5) 8 (4.5—8) 15 (8—22)
Capture with paws (E) 7 (4—11) 2 (1-8.5) 10 (2.5—17.5) —
Interception (R) 1(0-2) 0 (0-0) 1(0-2) —
Biting off of limbs (H) 1(0=2) 1(0-2.8) 3 (2—6) 1(0=3)
Single bite (W,) 4(3-7) 2(1-7) 6 (2.5—10) 1(0-3)
Double bite (W) 1 (0—3) 1(0-3) 1 (0—1.5) 1(0—1)
Multiple bite (W,) 3(1-4) 0 (0—1.8) 0(0-0.5) 2(1-3)

results of the first test (with the sequential presentation
of up to three insects), field mice and common shrews
were the most successful hunters: accordingly, 69.2%
(45 of 65) and 62.3% (33 of 53) attacks ended with
capture and consumption of the prey. This was signifi-
cantly higher than that in Campbell’s dwarf hamsters
(20%; 7 of 20 attacks) and narrow-skulled voles
(25.4%; 16 of 63 attacks) (Fisher’s exact test, p <
0.0017 for both cases). In the first test, all hunting mice
and shrews caught and ate the prey, sometimes after
several unsuccessful attacks. Only unsuccessful attacks
were observed in 22% (2 of 9 individuals) hunting,
narrow-skulled voles and in 57% (4 of 7 individuals) of
Campbell’s dwarf hamsters; i.e., hunting behavior was
manifested, but the prey was never caught. All attacks
were successful in nine field mice and two narrow-
skulled voles; i.e., they never missed a prey. In Camp-
bell’s dwarf hamsters, at least one unsuccessful attack
preceded the successful attacks in all hunts. Voles had
more unsuccessful attacks (5.0 (2.8—6.3)) preceding
successful attacks than field mice (1.0 (1.0-2.0)),
Campbell’s dwarf hamsters (1.0 (1.0—1.3)), and com-
mon shrews (2.0 (1.0-2.8)) (H = 11.1, p < 0.05).

According to the results of all repeated tests, the
hunting performance (the ratio of successful and
unsuccessful attacks by field mice (83 and 39), Camp-
bell’s dwarf hamsters (43 and 42), and common shrews
(61 and 34)) was not significantly different either
between species or with the results of the first testing
for each of species. The hunting performance of nar-
row-skulled voles remained the lowest (34 and 92)
(p <0.0024 for all cases). The number of unsuccessful
attacks preceding successful prey capture after
repeated tests (excluding the first) for field mice
(1.0 (1.0—1.0)), Campbell’s dwarf hamsters (1.0 (1.0—
1.0)), and common shrews (1.0 (1.0—1.0)) changed
insignificantly, while it significantly decreased to
2.0 (1.0—3.0) in narrow-skulled voles (H = 11.2, p <
0.05) and became similar to the same index in the field
mice and common shrews. A change in this index in
voles did not affect hunting performance.

Common shrews hunted the fastest, committing
2.9 (1.8—4.2) behavior elements per second. Their
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hunting rate was significantly higher than that for
rodents: field mice, 2.1 (1.5—2.8) (H=11.2, p < 0.001);
narrow-skulled voles, 1.6 (1.2—2.2) (H = 20.5, p <
0.001; and Campbell’s dwarf hamsters, 1.4 (1.0—1.9)
(H =35.2, p <0.001). The hunting rate for field mice
was higher than that for Campbell’s dwarf hamsters
(H = 20.0, p <0.001), while narrow-skulled voles did
not differ significantly by this index from field mice or
hamsters.

Nineteen elements were highlighted in the hunting
behavior of the studied species, two of which were
observed only in shrews or only in rodents. The behav-
ioral elements were divided into three types:

(1) key elements, without which the realization of
a stereotype is impossible: pursuit of prey by running
(Q) or calm step (S), bite (W), prey capture with the
paws (E) (only by rodents);

(2) additional elements (hunt “preparations” and
prey “processing”) were present not in all stereotypes:
sniffing (D), transfer of the prey in teeth (G), prey
interception with paws (R) (only by rodents), biting off
the prey limbs (H), holding the prey with one (N) or
two paws (M) (only by shrews);

(3) “noise” elements not affecting the realization
of a stereotype: fading (C), 90° body rotation (V), 180°
body rotation (B), head rotation (F), vertical stand (I),
arena-supported stand (Y), backward movements (U),
jump (J), and cleaning (X).

Table 1 presents the obtained values of the amount
of individual behavioral elements per hunting stereo-
type in different species.

To get an idea of how different studied species
attack the prey and how they manipulate it, we com-
pared the number of behavioral elements associated
with the attack and processing of prey per one stereo-
type (Table 1). The number of bites in narrow-skulled
voles and Campbell’s dwarf hamsters is lower than that
for field mice (H=87.5, p <0.001; H=17.7, p < 0.001,
respectively) and common shrews (H = 7.8, p < 0.005;
H=11.7, p <0.005). Narrow-skulled voles made cap-
tures with paws and prey interception very rarely,
much more rarely than Campbell’s dwarf hamsters
Vol. 10
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Fig. 1. Schemes of hunting stereotypes of the field mouse (a), narrow-skulled vole (b), Campbell’s dwarf hamster (c), and com-
mon shrew (d). See designations of behavioral elements in the Results section. The additional elements are indicated in square
brackets. Some unstable connections between elements are designated by a thin dotted line (p < 0.2). Stable connections are indi-
cated by a simple line (0.2 < p < 0.5). Highly stable connections between elements are designated by a bold line (p = 0.5).

(H=14.6, p < 0.0016; H = 14.9, p < 0.001, respec-
tively) and field mice (H = 9.9, p < 0.0083; H = 14.9,
p <0.001). Campbell’s dwarf hamsters bit off the prey
limbs more often than individuals of all other species,
which reflects the pattern specifics: field mice (H =
33.8, p < 0.001), narrow-skulled voles (H = 14.4, p <
0.001), and common shrews (H = 21.2, p < 0.001).

To determine how a hunter damages the prey, the
repeatability of a “bite” behavioral element was stud-
ied. The totality of these elements was divided into
three groups: single, double (two successively com-
mitted bites), and multiple (three and more successive
bites).The results are presented in Table 1. The num-
ber of single bites in hunting stereotypes of common
shrews was significantly lower than that in the stereo-
types of field mice (H = 36.4, p < 0.001) and Camp-
bell’s dwarf hamsters (H = 32.2, p < 0.001). The num-
ber of single bites did not differ in narrow-skulled voles
and common shrews. The rodent stereotypes did not
differ by the number of single and double bites. The
field mice and common shrews made multiple bites
more often than narrow-skulled voles (H = 16.6, p <
0.001; H = 12.5, p < 0.001) and Campbell’s dwarf
hamsters (H = 43.3, p < 0.001; H= 37.6, p < 0.001).
Despite the smaller number of multiple bites in the
stereotypes of narrow-skulled voles, we can say that
they are similar to field mice and shrews by the nature
of the attack, i.e., they catch insects with their teeth
and damage them with a series of bites. Thus, field
mice, narrow-skulled voles, and common shrews
complete the attack on an insect in a similar way (bite
to death).

The schemes of hunting stereotypes were con-
structed based on matrices of probabilities of transi-
tions between behavioral elements (Fig. 1). In all four
species, the hunting stereotype started with rap-
prochement of the prey with running (Q) or a calm
step (S), which could be followed by sniffing (D). Fur-
ther, field mice and narrow-skulled voles captured
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prey with their teeth (bite; single, but more often sev-
eral consecutive) (W). In Campbell’s dwarf hamsters,
rapprochement with the prey was more likely followed
by the capture with the teeth (bite) (W) and less likely
by prey capture with the paws (E). We note that the
probability of primary prey capture with the paws in
hamsters is more than 25%, while such actions in mice
and voles were observed in single cases and ended
unsuccessfully. While hamsters are able to hold the
prey after its initial capture with the paws and move on
to damaging and eating it, mice and voles immediately
lose the prey after capturing it with the paws, and suc-
cessful attacks are possible for them only at the begin-
ning of the attack by capture with teeth. After prey
capture, the schemes of hunting-behavior stereotypes
for rodents and common shrews diverge. After the bite
(W), rodents capture the prey with both paws (E) for
eating. This behavioral element is absent in shrews;
they press the prey to the bottom of the arena (usually
with two forelimbs (M), less often with one (N)). con-
tinuing to bite, and begin to eat over time. After the
capture, all animals were able to carry the prey in their
teeth (G). If the attack started with a bite (W), rodents
further captured the prey with their paws (E); then,
interceptions (R) that included manipulations with
the prey held in the paws (rotations, revolutions) could
be observed. The behavioral element “interception”
was naturally absent in shrews. Subsequently, all ani-
mals could bite off the prey limbs (H); such behavior
was most often noted in Campbell’s dwarf hamsters.
In behavioral sequence, the last element of the behav-
ior preceding eating acts as the end of a successful
hunting stereotype. These final elements can include a
bite (W), capture with paws (E), interception (R), or
the biting off of prey limbs (H) for rodents or a bite
(W), holding of the prey with one paw (N), biting off
of prey limbs (H), sniffing (D), and the transfer of prey
in the teeth (G), which occurred singly in shrews.
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It should be reminded that all of the studied ham-
sters and some of the field mice were born in the labo-
ratory and were naive in relation to potential prey. The
stereotypical hunting behavior in these animals was
either completely manifested at the first or one of the
subsequent meetings with the prey (according to the
all-at-once principle) or was not manifested at all.
Comparison of the hunting stereotypes for field mice
born in the laboratory (n = 6) and field mice caught in
natural conditions (n = 11) revealed no differences in
their hunting behavior. In addition to interspecific
comparisons, the number of behavioral elements per
stereotype was analyzed: bite (H = 0.8, NS), capture
with paws (H = 0.2, NS), interception (H = 1.2, NS),
biting off of prey limbs (H = 0.3, NS), and the number
of single (H = 0.2, NS), double (H = 2.9, NS), and
multiple bites (H = 0.3, NS). The schemes of the ste-
reotype in wild and laboratory field mice also did not
differ and were completely identical to the scheme
presented in Fig. 1.

The obtained data made it possible to form an idea
of the hunting tactics of different species, i.e., a set of
methods for the damaging or Kkilling of prey. The
nature of hunting attacks for rodents and insectivores
is different: rodents carry out a capture with paws after
capturing the prey by teeth, while shrews use only the
teeth. The hunting tactics were similar in field mice,
narrow-skulled voles, and common shrews: rapid
damage to the prey with a prolonged series of bites.
The hunting tactic of Campbell’s dwarf hamsters is
very specific: damage to and immobilization of the
prey always occurs by the biting off of limbs. This is
expressed in the stability of associations between
behavioral elements capture with paws and biting off
of the limbs (0.2 < p < 0.5). This method was stably
used by all individuals (# = 19). Since such hunting
tactics were for detected the first time in rodents, we
decided to determine whether it is universal for this
species and whether Campbell’s dwarf hamsters use
the same method for immobilization of not only safe
prey but also dangerous insects. For this, red wood
ants were offered to a separate group of ten hamsters.
However, while ants have a high hedonistic value for
field mice and are eaten without residue (Panteleeva
et al., 2013), Campbell’s dwarf hamsters, as it turned
out, kill them but do not eat them. While the hunting
behavior of field mice in relation to cockroaches and
ants is generally similar (as an edible object), Camp-
bell’s dwarf hamsters have a completely different
method of damaging dangerous insects. They capture
only by teeth (never by paws) and then take the insect
in the paws. Turning the ant abdomen towards them-
selves, they immediately (or after several intercep-
tions), bite it and then throw the damaged insect to the
bottom of the arena. We note that, while the hunting
behavior relative to cockroaches was not manifested in
all hamsters and was not always successful, damage to
aggressive ants was observed in all individuals with
equally high efficiency. The behavior of hamsters in
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relation to ants can be attributed not to hunting but to
defensive behavior, and it is manifested not faculta-
tively (as in the case of hunting) but obligately.

DISCUSSION

A targeted, predator—prey type of interaction with
mobile prey was found for the first time in our experi-
ments. It was described in detail for three rodent spe-
cies with different types of nutrition. The granivorous
striped field mouse, herbivorous narrow-skulled vole,
and omnivorous Campbell’s dwarf hamster have an
equally efficient, stereotypical hunting behavior that is
in many ways similar to the behavior of the common
shrew (a specialized, insectivorous species). At the
same time, the hunting rate for rodents is lower than
that in insectivores. The structure of the hunting ste-
reotype was universal in all studied rodent species,
regardless of their food specialization. With the same
set of hunting behavior elements and similar action
procedures and probabilities of transition between
them in different species, it is worth noting that such
behavioral elements as capture with paws (after catch-
ing with teeth) and interception (search for a more
comfortable position) are significantly repeated less in
narrow-skulled voles as compared with other species;
they also have fewer multiple bites in the killing of an
insect than other species. This gives them a kind of
uncertainty in prey processing prey and is probably the
reason for their slightly lower hunting performance as
compared with other species. Different species have
different tactics for prey damage: field mice, narrow-
skulled voles, and common shrews immobilize the
insect with a series of quick bites (bite to death), while
Campbell’s dwarf hamsters bite off limbs of the prey
while holding it in their paws. This behavioral element
was found in rodents for the first time, and it is appar-
ently a manifestation of more specialized hunting
behavior. It is interesting to note that the grasshoppers
found in the holes of Campbell’s dwarf hamsters in
vivo were deprived of heads and limbs, and it can be
assumed that the same method was applied to them
(Levenets et al., 2019).

To form ideas about the possible evolution of hunt-
ing behavior in the studied species, we should refer to
the existing picture of the evolution of hunting behav-
ior in rodents. The evolutionary origins of the hunting
behavior of terrestrial mammals supposedly originate
from a common omnivorous—insectivorous ancestor
(Ewer, 1973), and an evolutionary transition from
a herbivorous lifestyle to a predatory lifestyle is less
likely than that from omnivorous one (Shipman and
Walker, 1989). Synthesis of the anatomical, genetic,
and paleontological data established that a small,
insectivorous, tree animal was a common ancestor of
placental mammals (Meredith et al., 2011; O’Leary
et al., 2013). The origin of hunting behavior in rodents
remains unclear. Rodents could have inherited the
hunting stereotype for small, mobile prey already
Vol. 10
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available in insectivorous ancestors, or such behavior
may have formed repeatedly. Some ideas about the
evolutionary pathway of hunting behavior in rodents
can be obtained with a comparative ethological
approach. As a product of selection, behavioral traits
can be used for phylogenetic constructions. Thus,
based on the fact that instinctive movements have
a systematic significance, Lorenz was the first to use
the traits of behavior and vocalization to consider the
duck system phylogeny (Lorenz, 1941). Subsequently,
his student Leyhausen used a similar approach to
reconstruct the evolutionary tree of hunting behavior
in terrestrial mammals (Leyhausen, 1965; Eisenberg
and Leyhausen, 1972). Together with Eisenberg, they
recorded the sequence of actions performed by a pred-
ator during hunting, presenting them as ethograms.
The researchers covered a vast number of species
(from insectivores to primates), but rodents were not
included in this list. Upon the generalization of com-
parative ethological data, they came to a number of
conclusions. The attack on the prey with a series of
bites (prey capture and killing only with jaws) is
a primitive form of hunting behavior. The emergence
of prey capture with the forepaws in the repertoire is
a more progressive trait in evolutionary terms. A dis-
placement of the prey capture function to the fore-
limbs became the basis for the further differentiation
of bite types: either a precisely directed, single, deadly
bite or a series of bites. The deadly bite is a “recent
achievement,” while series of bites are characterized as
a more archaic trait. In evolutionary terms, such
a method, in which the forelimbs are used to capture
and hold the prey and the jaws are closed in a deadly
bite, increases predator efficiency. Langley (1987,
1994) studied in detail the stereotypes of hunting of
invertebrates in specialized predatory rodents and
euryphage rodents. Based on the picture of the evolu-
tion of hunting behavior (Eisenberg and Leyhausen,
1972), he was the first to classify the hunting behavior
of rodents and demonstrated that nonspecialized
euryphage rodents in most cases start the prey attack
by capture with teeth (bite); then, holding it in their
teeth, they capture it in the front paws (Langley, 1987,
1994). Specialized predatory grasshopper mice act in
a fundamentally different way; most often, they cap-
ture the prey in the front paws at the beginning of the
attack and only then kill it with a single or several bites.
Different members of the insectivore order (particu-
larly, shrews (Soricidae), hedgehogs (Erinaceidae),
tenrecs (Tenrecidae)) attack the prey only with a series
of bites, demonstrating the most primitive type of the
attack (Eisenberg and Leyhausen, 1972). Thus, pro-
gressive traits (prey capture with paws) are observed in
the hunting stereotype of rodents as compared with
insectivores, while the most advanced hunting stereo-
type is observed in specialized, predatory grasshopper
mice (Langley, 1994).

In order to determine the place of the species that
we studied in this picture, it is important to analyze the
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beginning of the prey attack. Among three studied
species, the nature of hunting attacks by rodent and
insectivores is different: rodents carry out prey capture
with the paws after capture with teeth, while shrews
use only the teeth. Since capture with the paws by field
mice and narrow-skulled voles follows capture with
the teeth, their hunting stereotype can be considered
more primitive than that in specialized, predatory
grasshopper mice. Campbell’s dwarf hamsters can
begin the attack by capture with both teeth and paws
(in more than 25% of cases), which characterizes their
hunting behavior as the most advanced among the
studied species.

The species scenario of the formation of the hunt-
ing-behavior stereotype in the ontogenesis of all of the
studied rodent species was similar to those in special-
ized, predatory grasshopper mice: the stereotype was
manifested in naive animals according to the all-at-
once principle, which is holistic and does not chang-
ing with repeated presentations of prey. Some animals
apparently required a cumulative effect of stimuli from
the prey to “wake up” a holistic stereotype. The role of
stimulus accumulation in the launch of “innate releas-
ing mechanisms” (Dewsbury, 1981) was demonstrated
in studies on the hunting behavior of the common toad
(Ewert, 1987); later, it was demonstrated repeatedly
that animals must accumulate sensory signals in the
cerebral cortex to make decisions (Watson and Platt,
2008). The proportion of individuals with the post-
ponement of the manifestation of the hunting stereo-
type in our samples is 15—26% in three rodent species.
We note that there was no improvement in hunting
methods in our experiments with experience, as previ-
ously demonstrated in nonspecialized hamsters of the
Peromyscus genus (Kreiter and Timberlake, 1988). Of
the species that we studied, only narrow-skulled voles
showed a slight increase in the number of successful
hunts upon repeated meetings with the prey. The
hunting rate, the nature and efficiency of attacks, and,
most importantly, the order and ratio of behavioral
elements in the stereotypes for all three rodent species
(as well as in shrews) were not influenced by experi-
ence.

Our laboratory experiments apparently reflect the
ratio of hunters and individuals indifferent to insects in
natural populations of the studied species. It is note-
worthy that, although there were half as many hunters
among herbivorous voles in our experiments as among
field mice, all rodent species were similar by the nature
of the stereotype, the hunting rate, and the efficiency.
This suggests that some proportion of individuals car-
rying the hunting-behavior stereotype is constantly
present in populations of rodents with different types
of nutrition (at least in some species), while the stereo-
type itself can be considered a behavioral adaptation
that expands the spectrum of food resources via active
insect hunting. The hunting-behavior stereotypes in
the studied rodent species are a universal scenario with
manifestation of species-specific traits that are
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expressed in the nature of attacks and the methods of
prey immobilization, as well as the frequency of the
manifestation of individual behavioral elements. The
marked, species-specific characteristics do not vary in
the members of each species. They are innate and are
either manifested in a certain proportion of individuals
or are not manifested at all. These key characteristics
indicate that the presence of hunting stereotypes in
rodents is a strategy within ESS theory.

In general, the hunting behavior of rodents can be
apparently considered an ESS, in which the propor-
tion of carriers of a certain type of behavior can
increase under certain conditions without completely
taking over the population (Maynard Smith and Price,
1973). A similar potential of rodent hunting behavior
was indicated by experiments with a targeted selection
of hunters in granivorous—herbivorous species (the
bank vole M. glareolus) (Konczal et al., 2016). After 13
generations of such selection, the proportion of voles
demonstrating hunting behavior in relation to crickets
was five times higher in individual lines of animals
than in the control groups.

Such experiments were previously carried out on
different genetic lines of house mice (Butler, 1973) and
Syrian hamsters (Polsky, 1978). In hamsters, the lines
of “catchers” and “brakes” were obtained for eight
generations: the delay before the prey attack differed in
these groups by five times. Studies on the genetic
mechanisms responsible for the manifestation of
hunting behavior in inbred mouse lines demonstrated
that a high level of predatory aggression (as physiolo-
gists and genetics previously called hunting behavior)
is a dominant trait (Nikulina and Popova, 1983).

The nature of hunting behavior in rodents was not
studied in detail prior to our work, and special experi-
ments are required to study the comparative “compet-
itiveness” of differing stereotypes in conditions of tar-
geted selection. Based on our preliminary data, it is
possible to make a cautious assumption that the num-
ber of carriers of the hunting-behavior stereotype can
vary between populations in different years and is
apparently associated with fluctuations in environ-
mental conditions. It should be noted that, although
the hunting-behavior stereotype is manifested in a cer-
tain proportion of individuals of the studied species
according to the all-at-once principle, animals indif-
ferent to insects can be carriers of “dormant” frag-
ments of a holistic stereotype (dormant behavioral
patterns; Reznikova and Panteleeva, 2008). We
recently demonstrated the phenomenon of fragmenta-
tion of the hunting-behavior stereotype on the exam-
ple of some rodent species (Reznikova et al., 2017). It
can be assumed that distributed social learning can be
a behavioral mechanism that makes it possible, if nec-
essary, to increase quickly the number of hunters in
populations (Reznikova and Panteleeva, 2015): if the
population has carriers of the complete hunting-
behavior stereotype, the potential carriers of stereo-
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type fragments can quickly “complete” them due to
simple forms of social learning. These issues require
further studies.

CONCLUSIONS

Detailed experimental studies on the interaction of
small mammals with mobile insects demonstrated that
the granivorous striped field mouse, herbivorous nar-
row-skulled vole, and omnivorous Campbell’s dwarf
hamster possess a hunting behavior as efficient as that
of the insectivorous species (the common shrew). The
structure of the hunting-behavior stereotype in the
studied rodent species is universal and does not
depend on food specialization. Different species have
different tactics for prey damage: field mice and nar-
row-skulled voles immobilize the insect with a series
of quick bites, just like shrews do; Campbell’s dwarf
hamsters bite off the limbs of the prey, which is appar-
ently a manifestation of a more specialized hunting
behavior. The nature of hunting attacks in rodents and
insectivores is different: first capturing the prey with
their teeth, rodents move on to prey capture with the
paws, while shrews use only the teeth, which indicates
a relative primitiveness of their predatory behavior.
Campbell’s dwarf hamsters can begin the attack by
capture with both teeth and paws, which characterizes
their hunting behavior as the most evolutionarily
advanced among the studied species. The nature and
ratio of behavioral elements in all three rodent species
are manifested according to the principle of all at once
and are not influenced by the experience. The hunting
behavior of rodents can be considered an ESS that
supports the ability of populations to hunt for moving
insects in order to expand the range of food resources.
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