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Abstract

The present review provides a compilation of the published data on the ecology and social behavior of tamarisk gerbils. Both field studies and
direct observations under semi-natural conditions provide evidence that the tamarisk gerbil is a nocturnal herbivorous rodent that lives in highly
seasonal habitats and displays seasonal fluctuations in reproduction and spatial organization. A typical feature of the tamarisk gerbils’ spatial
organization is higher mobility of males during the breeding season (as compared with the nonbreeding period) and formation of temporary
aggregations of males competing for access to receptive females; the composition of these aggregations was variable and depended on the
reproductive condition of the females. Females tend to occupy exclusive home ranges irrespective of their reproductive condition. The mating
system of the species can be defined as scramble competition polygyny with some features of polygynandry and promiscuity. The tamarisk
gerbil has distinct features of a solitary species and its social structure is primarily based on aggressive interactions or mutual avoidance of
conspecifics resulting in a dominance hierarchy among males and site-dependent dominance among females during the breeding season. By
the end of the breeding season, males become less mobile and occupy nearly exclusive home ranges, consistent with solitary living. The main
features of the spatial and social organization of this species, which distinguish it from other solitary rodents, are the higher mobility of males
and the formation of temporary multimale-multifemale aggregations during the breeding season. Overall, the data presented expand our under-

standing of socioecology of gerbils.
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Gerbils (subfamily Gerbillinae, Rodentia) are a diverse group
of rodents distributed across steppe, semi-desert, and desert
habitats of Europe, Asia, and Africa (Sokolov 1977; Musser
and Carleton 1993). The diversity of gerbils and the ease with
which some species (e.g., the Mongolian gerbil, Meriones
unguiculatus) can be maintained in captivity, has led to their
choice as model systems for observational and experimental
studies in genetics, ecology, demography, physiology, neurobi-
ology, and psychology.

The social organization, social structure, and mating sys-
tem of gerbils are diverse and intriguing, making certain
gerbil species ideal for addressing both ecological and behav-
ioral questions (Gromov 1997a, 2000, 2022; Randall 2007).
Unfortunately, the relevant information is widely scattered,
not always complete, and sometimes conflicting. Moreover,
not all aspects of the socioecology of gerbils have been stud-
ied equally, even in relatively well-studied species. The sub-
family Gerbillinae includes about 110 species (Wilson and
Reeder 2005), but detailed data on population ecology and
social behavior have been collected for only a dozen species.
Some species are essentially solitary, like Gerbillus perpalli-
dus (Gromov and Ilchenko 2007) and Psammomys obesus
(Daly and Daly 1975a; Gromov 2001); others are gregarious,
with the formation of relatively stable multimale-multifemale

associations (called breeding colonies; Bujalska and Saitho
2000), like in Gerbillus dasyurus (Gromov et al. 2000, 2001),
Meriones meridianus (Popov et al. 1989; Gromov 2000),
Meriones hurrianae (Agrawal 1967; Fitzwater and Prakash
1969; Kumari and Prakash 1981a, 1984), Tatera indica (Idris
and Prakash 1985, 1987), and Taterillus pygargus (Poulet
1972); for a small number of species, a family-group life-
style is characteristic, like in M. unguiculatus (Agren et al.
1989; Gromov 2000, 2022), Meriones libycus (Daly and
Daly 1975b; Agren 1979; Tchabovsky and Lapin 1989;
Tchabovsky et al. 1990; Gromov 2000), or Rhombomys
opimus (Dubrovsky 1978; Popov et al. 1997; Rogovin et
al. 2004). Diurnal species, like M. unguiculatus, M. libycus,
P. obesus, and R. opimus are relatively well studied. In most
of other species, spatial organization has been studied only
via mark-recapture or radio tracking; direct observations of
social behavior has been carried out in only a few species
(Gromov 2000). Therefore, much more research remains to
be done to fill this knowledge gap.

Gerbils are known to be natural hosts of a broad range
of ticks and fleas and play an important role in transmission
of highly dangerous diseases, such as plague and tularemia.
Both plague and tularemia are vector-borne infectious dis-
eases transmitted by fleas of numerous wild rodents, which
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are natural carriers of these diseases and other important
epidemics in different regions around the world (Gage and
Kosoy 2005; Stenseth et al. 2008; Meerburg et al. 2009;
Bitam et al. 2010; Shu et al. 2020). Several natural foci of
plague and tularemia exist in the Caspian Sea region and the
persistence of these zoonotic foci increases the risk of reemer-
gence as people living in these areas may be in contact with
rodents and fleas occasionally (Rall 1941; Popov et al. 1995;
Perfilyeva et al. 2020; Pisarenko et al. 2021). The transmission
of infections to humans depends on the epizootic situation
which in turn depends on seasonal and other factors resulting
in fluctuations in rodent population density. Therefore, reg-
ular monitoring of gerbil populations as the natural foci of
plague and tularemia is important.

The tamarisk gerbil Meriones tamariscinus (Pallas 1773)
is a burrowing, medium-sized rodent (body mass averages
118.6 g in adult males and 90.8 g in adult females; Rall
1941) inhabiting semi-desert and desert regions in Russia (the
Caspian Sea region), Central Asia, and northwestern China
(Sokolov 1977; Vorobei 1986; Wilson and Reeder 2005).
Within the range of this species, the climate is arid or semi-
arid and continental with relatively hot summers and cold dry
winters (Rall 1941).

Tamarisk gerbils have attracted the attention of population
ecologists for decades due to their role in desert and semi-
desert ecosystems as pests and hosts of arthropod vectors of
plague and tularemia in the Caspian Sea region and Central
Asia (Rall 1941; Volynkin 1950; Kim 1960; Vorobei 1986;
Popov et al. 1995; Gromov 2000; Perfilyeva et al. 2020;
Pisarenko et al. 2021). Pathogens are known to disperse
from one individual host to another via direct transmission
(e.g., the deposition of pathogens via bites and scratches),
blood-feeding arthropod vectors, or sexual contact. For an
infection that is transmitted directly between individuals,
the spread of the disease is thought to depend mainly on the
rate of contact between individuals. This is why many stud-
ies focus on the role of social behavior and demography of
rodents in the maintenance and transmission of rodent-born
diseases (Ostfeld and Mills 2007). Social behavior (specifi-
cally, aggressive encounters) has repeatedly been implicated as
increasing the probability of pathogen transmission between
individuals (Glass et al. 1988; Douglass et al. 2001). In addi-
tion, dispersal, as well as defense of territories, is likely to be
important to the dynamics of disease in rodents (Ostfeld and
Mills 2007). As for the tamarisk gerbil, little is known about
how social behavior and population dynamics of this species
influence transmission between individuals. Thus, behavioral
studies could be extremely useful to fill this gap. Here I review
multiple studies done on the social system of tamarisk gerbils,
often published in Russian, to provide a detailed overview of
one nocturnal gerbil species.

I carried out ecological and behavioral studies of the tam-
arisk gerbil in 1993-1998 in the wild (in the northwestern
Caspian Sea region, the Black Lands area; Gromov and
Tchabovsky 1995; Gromov et al. 1996; Gromov 2000) and
semi-natural environments (in the large outdoor enclosures
in Moscow region; Gromov and Gromova 1996; Gromov
1997a, 1997b, 2000, 2007, 2008; Sokolov and Gromov
1997). To collect data on local population density of the ger-
bils and their demographic structure as well as spatial organ-
ization in the wild, a capture-mark-recapture technique was
used on a 7.4 ha study plot and adjacent area of about 30
ha. On the first trapping occasion, the animals were sexed
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and weighed. For permanent identification, each individual
was given a number by toe-clipping. The gerbils used in the
observations under semi-natural conditions (in two outdoor
enclosures of 20 x 20 m) were the first and second genera-
tion of animals obtained from a natural population of the
species in the Black Lands area and bred under laboratory
conditions. The animals were observed at night time using
artificial illumination (10 lamps, each with a power of 60
watts, were placed around the perimeter and in the center
of the enclosure at a height of 2-3 m). There were no signs
of the influence of this illumination on the behavior of ger-
bils. This has also been confirmed by direct observations in
the wild (Popov and Tchabovsky 1998). Continuous obser-
vations of the gerbils lasted up to 5 months (from May to
October). During the observations, the following behavioral
patterns were recorded: 1) peaceful interactions (nasal sniff,
ano-genital sniff, olfactory investigation), 2) ritualized ago-
nistic interactions (side-way postures, boxing, wrestling), 3)
aggressive interactions (attack, chase, fight), and 4) avoidance
(an animal turns and moves or runs away from a conspecific
before physical contact is made) (Gromov 2000, 2022).

The present review provides a compilation and analysis of
the data obtained that allow well-founded conclusions con-
cerning different aspects of the ecology and social behavior
of the species under study. This review aims to synthesize and
integrate the current state of knowledge about the ecology,
spatial organization, and social behavior of the tamarisk ger-
bil, because these aspects of the socioecology of the species
are unknown to many zoologists. Moreover, this review may
help us better understand the behavior and ecology of other
murid rodents, especially solitary and nocturnal ones whose
socioecology is poorly studied.

A Brief Outline of Ecology

Most data on the habitat, food, and activity of tamarisk ger-
bils were obtained in field studies carried out in the north-
western Caspian Sea region (Vorobei 1986; Tchabovsky and
Alexandrov 1996; Popov and Tchabovsky 1998; Gromov
2000). In this region, the gerbils prefer semi-desert habitats
with Tamarix ramosissima shrubs accompanied by Atriplex
tatarica (quinoa) that grow on sand hills. Other preferred
habitats are ridge-hilly sandy plains with sparse discon-
tinuous vegetation of grasses and herbs including Achillea
micrantha (yarrow), Agropyron fragile (Siberian wheatgrass),
Artemisia lercheana, and Andryala arenaria (sagebrush),
Calamagrostis epigeios (wood small-reed), Cynanchum acu-
tum (family Apocynaceae), Centaurea arenaria (sand corn-
flower), Corispermum orientale, and Kochia prostrata (family
Amaranthaceae), Eragrostis minor and Koeleria sabuletorum
(family Poaceae), Senecio erucifolium (family Asteraceae),
Silene multiflora (family Caryophyllaceae), and Tragus race-
mosus (European bur grass) (Popov et al. 1995; Neronov et
al. 1997; Isaev and Shilova 2000). There is also evidence that
tamarisk gerbils can penetrate into agricultural habitats (Rall
1941; Allabergenov 1989; Popov et al. 1995).

Food, as a rule, is patchily distributed and unstable over
time in the habitat of tamarisk gerbils. In spring, summer,
and autumn, the gerbils feed on green parts of plants with
higher moisture content like Artemisia scoparia (sagebrush),
A. tatarica, C. arenaria, C. acutum, Elymus giganteus (family
Poaceae), Euphorbia seguieriana (spurge), Lactuca tatarica
(blue lettuce), Semecio erucipholium, leaves of Tamarix
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romasissima, as well as flowers, fruits, and green shoots of
some plants (Rall 1941; Allabergenov 1989; Magomedov
and Akhtaecv 1993; Gromov 2000). Tamarisk gerbils do not
hibernate, but their winter diet is poorly studied. It has been
noted only that in winter season gerbils feed on the seeds,
shoots, and rhizomes of some grasses and herbs (Rall 1941).

Field data on food caching in the tamarisk gerbil are con-
troversial. Being herbivorous, the gerbils are not thought to
hoard food, because green plants are not suitable for long-
term storage. However, there is evidence that tamarisk gerbils
can hoard high-calorie food (e.g., seeds) during the period of
the year when their survival may depend on food caches (e.g.,
in winter). Specifically, food caches weighing 300-500 g were
found in some burrows of tamarisk gerbils (Rall 1941).

When constructing burrows, the gerbils prefer soft soils.
Therefore, anthropogenic and agricultural landscapes are
also used by them. Most burrows were found to be located
in the bush microhabitats. The length of underground tunnels
reaches 4-5 m, and blind branches depart from them up to
40-60 cm. As a rule, a burrow has two or three entrances.
The depth of tunnels is 50-80 ¢m in summer and 2-2.5 m in
winter (Rall 1941).

Field studies show that tamarisk gerbils are nocturnal, mak-
ing them difficult to observe in the field (Rall 1941; Karulin
et al. 1979). However, due to direct observations both in the
wild and under semi-natural conditions, two or three peaks of
their activity at night time were revealed (Karulin et al. 1979;
Gromov and Gromova 1996; Gromov 2000). According to
Karulin et al. (1979), foraging above ground was the dom-
inant activity of gerbils comprising 50-82% of their time
budget. Gerbils also spent about 11-28% of their time mov-
ing and exploring different parts of their home ranges. The
animals spent very little time interacting with conspecifics.
According to Popov and Tchabovsky (1998), the main activ-
ity of the gerbils was moving and exploring, whereas foraging
was the third most frequent activity within their time budget.

Population density was found to show large fluctuations
between years and in different habitats—usually from 1 to
15 animals/ha, but can reach 25-30 animals/ha in preferred
habitats (Rall 1941). According to our data (Gromov and
Tchabovsky 1995; Gromov et al. 1996), the local density of
gerbils within our study plot was about 4-5 animals/ha in
1993-1994, but in a ridge-hilly sandy plain it reached 70 ani-
mals/ha in 1998 (Gromov 2000).

The breeding season starts in February—March and lasts up
to September with two peaks of reproduction—in May and
August (Rall 1941; Gromov 2000). During the breeding sea-
son, most overwintered females produce only a single litter
whereas a small proportion of them (about 3%) produce two
litters. Young females born early in the breeding season can
mature and breed in that season, producing a single litter. The
average number of embryos per pregnant female varies from
4.5 to 4.8 in different populations (Rall 1941; Vorobei 1986).
The sex ratio among adults in the populations of this species
is about 1:1 (Rall 1941).

The tamarisk gerbil exhibits a mating system in which males
actively seek females during the breeding season (Popov and
Tchabovsky 1998; Gromov 2000), and males that possess
traits associated with mobility may have higher mating suc-
cess. In other words, male mating success is mostly determined
by the ability to locate females. Such a mating system can be
defined as scramble competition or competitive searching. It
needs to be noted, however, that the mating system of the
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tamarisk gerbil also involves male-male competition based
on overt aggressive interactions (see below), and has some
features of polygynandry as well as promiscuity. Specifically,
Popov and Tchabovsky (1998) observed five males gathered
near a receptive female within her home range; the males
were presumably attracted by scent cues emanating from
the female. This situation is consistent with the distribution
of male home ranges associated with the location of female
home ranges during the breeding season (see Figure 11I).

Spatial Organization, Social Behavior, and
Social Organization

Adults of both sexes occupy individual home ranges of a large
size comprising several thousand square meters (Figure 1;
Gromov and Tchabovsky 1995; Gromov et al. 1996; Gromov
2000). During the mating season, male tamarisk gerbils are
not territorial and can range over large areas. Aggregations
of males in the vicinity of ranges of receptive females were
regularly found, so that male ranges overlapped each other
and with female ranges to a great extent (Figure 1IA). Male
and female tamarisk gerbils thus appear to occupy overlap-
ping individual home ranges during the breeding season.
Territoriality, that is, protection of the home range, was typi-
cal of females and some young individuals, but they defended
the core area in the vicinity of their burrows rather than the
entire home range (Gromov and Gromova 1996). In the wild,
female home ranges averaged 2,267 = 332 m? (n=12) and
were mutually exclusive (Figure 1IB).

Another typical feature of spatial organization in the tama-
risk gerbil is higher mobility of males during the breeding sea-
son (in spring and the first half of summer) so that it was not
possible to estimate the size of their home ranges accurately.
Sometimes we recorded males moving up to 700-900 m away
from the original place of capture (Gromov and Tchabovsky
1995; Gromov et al. 1996). As an estimate of male home
ranges, we used range length (RL) defined as the straight-line
distance between the two most distant points where the male
was recorded. In spring and early summer, that is, the mating
season, male RL averaged 336 + 59 m (n = 10). After termi-
nation of reproduction in late summer and autumn, male RLs
were reduced (on average, 165 = 45 m, n = 8), and their spa-
tial distribution became similar to that of the females (Figure
11I). Thus, distinct seasonal changes in spatial organization
related to the annual cycle of reproduction were typical of
M. tamariscinus males. During the breeding season, adult
males were very mobile and formed temporary aggregations
near the home ranges of receptive females. The composition
of these aggregations was variable and depended on the
reproductive condition of the females. For instance, males
that form an aggregation near the ranges of several receptive
females can move to the ranges of other breeding females,
forming one or two temporary aggregations of different com-
position; some males regularily moved between aggregations,
temporarily joining one of them (Gromov 2000). By the end
of the breeding season, males became less mobile and occu-
pied nearly exclusive home ranges (Figure 11I).

Very little is known about the social behavior of tamarisk
gerbils. To fill this knowledge gap, their social interactions
under semi-natural conditions in the large outdoor enclosures
were studied in detail (Gromov and Gromova 1996; Gromov
2000). In total, four groups of the gerbils each consisting of
four adult unrelated individuals (two males and two females
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Figure 1. Map of the distribution of smoothed minimum convex polygon home ranges (thick line contours obtained from recapture data) of adult males
(A) and females (B) within the study plot of 74 ha and on the 30 ha adjacent area during the breeding season (I, May-June 1993) and the nonbreeding
season (I, September-October 1994, dotted lines (1) show home ranges of the overwintered gerbils, solid lines (2) home ranges of the gerbils born in
spring—early summer). TS—Tamarix shrubs. Arrows indicate movements of the males between their different locations and the ranges of the females

(after Gromov 2000).

in each group per enclosure) were observed in 1995-1996. A
comparative analysis of the social behavior of the gerbils did
not reveal significant intergroup differences in spatial organi-
zation and social interactions (Gromov 2000).

Most encounters between adults of the same sex (up to 98
%) involved overt aggression and avoidance (Table 1). Most

peaceful and agonistic encounters were recorded in hetero-
sexual dyads, but accounted for only 14% (128 out of 920)
of interactions. These data provide evidence that relation-
ships between adults in populations of the tamarisk gerbil are
primarily based on overt aggressive interactions or mutual
avoidance (Gromov and Gromova 1996; Gromov 2000).
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Below, more informative data characterizing the spatial
organization and social behavior of the gerbils in one of the
enclosure groups observed are presented. The gerbils success-
fully reproduced, and each female gave birth to two litters,
from four to six pups in each. The first litters appeared from
their natal burrows in late July—early August, and the second
ones emerged aboveground in early September (Gromov and
Gromova 1996; Gromov 2000).

Over the course of direct observations in the enclosures,
the interactions between adults changed dramatically.
Accordingly, the observation period was divided into two
parts: period I (the mating period, from the beginning of the
observations to the emergence of first litters in July—August)
and period II (the nonbreeding period, from the second half of
August to the end of observations in late September).

During period I, both adult males moved freely through-
out the enclosure, and their home ranges entirely overlapped
each other and the female home ranges; males did not appear
to have defined home ranges, but roamed over the enclo-
sure area. On the contrary, adult females occupied nearly
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exclusive ranges (Figure 2I). Thus, males did not exhibit ter-
ritorial behavior, but instead established a dominance hier-
archy, and male #4 dominated over male #7. As a result, the
activity centers of the males competing for access to females
were located in different areas of the enclosure. Specifically,
the activity centers of male #7 primarily coincided with that
of female #8. The gerbils apparently mated in their burrows,
but judging from their behavior above ground, both in this
and in other enclosure groups, multiple matings of females
with both males occurred. As for the females, their relation-
ships may be defined as territoriality based on site-dependent
dominance (Gromov and Gromova 1996; Gromov 2000).
This refers to a relationship in which an individual dominates
other conspecifics within its home range, such as, for exam-
ple, in Mongolian gerbils (Agren et al. 1989).

Frequency of agonistic interactions in the enclosure groups
was rather high, but the aggressiveness did not lead to the
death of the gerbils even when an extraordinary density was
achieved—as many as 23 individuals including 8 adults and
15 juveniles per enclosure. Bearing in mind the very large

Table 1. Number (N) and proportion (%) of interactions between adult tamarisk gerbils in the semi-natural enclosures (after Gromov 2000)

Males (7 = 8) Females (7 = 8)
Interactions Interactions, addressed to Interactions, addressed to

Males Females Males Females

N % N % N % N %
Peaceful 4 1.0 107 24.1 21 4.4 0 0
Agonistic 5 1.2 58 13.1 42 8.8 2 1.8
Overt aggressive 166 39.8 188 42.3 138 29.0 75 67.0
Avoidance 242 58.1 91 20.5 275 57.8 35 31.3
Total 417 100 444 100 476 100 112 100

W7\

% %
A

3

Figure 2. Contour mapping of the frequency of visual registration of tamarisk gerbils during observation periods | (the mating season) and Il (after
termination of reproduction) in the enclosure of 20 x 20 m. Contour lines connect points of equal frequency of registrations per area unit (square
2.5 x 2.5 m). Higher density of the lines corresponds to the activity centers of the gerbils related to their nest burrows (after Gromov 2000).
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M. tamariscinus home ranges in the natural habitat, such a
situation in the enclosure populations was unexpected.

Figure 3 provides an additional illustration of the relation-
ships between the gerbils in the enclosure. Peaceful interac-
tions were found to be relatively frequent in encounters of
males as well as in heterosexual dyads; in females, only one
peaceful encounter was recorded (Figure 31A). Relationships
between adults of the same sex were based on mutual aggres-
sion (Figure 31 B). A high frequency of aggressive interactions
was also characteristic of the encounters of males with the
females. The interactions between the males were found to be
asymmetric reflecting the establishment of a dominance hier-
archy. In particular, dominant male #4 initiated many more
aggressive acts directed at subordinate male #7 (Figure 31IB).
The relationships between males in other enclosure groups
were generally similar to those between males #4 and #7.

During period II, the relationships changed dramatically.
The male home ranges became nearly exclusive and decreased
in size; the activity centers of males shifted and lost relation to
those of the females (Figure 21II); the frequency of interactions
between males and the females decreased (Figure 3II). Judging
from the lack of asymmetry in the encounters between males,
their relationships became equitable and could be defined as
site-dependent dominance, like in the females. Similar changes
in the the spatial organization and the relationships between
males were observed in other enclosure groups of the gerbils
(Gromov and Gromova 1996; Gromov 2000).

Adult females became aggressive toward young gerbils 4-6
days after they were weaned and emerged from the burrows.
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Aggressive encounters between young individuals as well as
between young and adult gerbils have been noted as well.
In 25-30 days, the intensity of the aggressive interactions
decreased, because nearly all the young individuals came to
occupy small and protected territories not exceeding several
square meters. Thus, young individuals successfully competed
with adults even within a very limited area of the enclosures
(Gromov and Gromova 1996; Gromov 2000).

The results of observations of the gerbils in the semi-natural
enclosures are consistent with data obtained in the wild (Gromov
2000). The relationships between adult males competing for
females during the breeding season are based on overt aggres-
sive interactions or avoidance resulting in the establishment of
a dominance hierarchy. Popov and Tchabovsky (1998) carried
out direct observations of individually marked gerbils in their
natural habitat in the Black Lands area. In total, these authors
recorded 34 interactions between adults, and aggressive encoun-
ters comprised a large proportion: 44% in male dyads, 31% in
male—female dyads, and 100% in female dyads.

By the end of the breeding season in late summer—early
autumn, adult males stop competing for access to females and
tend to occupy smaller, exclusive, and perhaps, protected home
ranges, like adult females. Adult females occupying exclusive
home ranges express territoriality and site-dependent domi-
nance irrespective of their reproductive condition. Young ger-
bils born in the current breeding season also tend to occupy
exclusive home ranges. During the breeding season, the inten-
sity of interactions between tamarisk gerbils in their natural
habitat is relatively high. By the end of the breeding season,

Figure 3. Occurrence and direction of peaceful (A) and aggressive (B) interactions between the gerbils during observation periods | and Il in the
enclosure. Males are indicated by shaded circles. Thickness of the arrows is proportional to the number of initiated acts in each dyad (after Gromov

2000).
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encounters between the gerbils become rare (Gromov and
Gromova 1996; Gromov 2000, 2008).

The seasonal changes in spatial organization and social
behavior of M. tamariscinus males related to the annual cycle of
reproduction might be critical both in maintaining pathogen pop-
ulations and the rates of pathogen transmission. Transmission
of pathogens during the breeding season may result from fre-
quent agonistic encounters (primarily between males). Judging
from the field data, movements of the males in this population
of tamarisk gerbils are much greater during the breeding season.
Therefore, the rate of transmission of pathogens in populations
of the tamarisk gerbil appears to be highest in the spring and first
half of summer. This is a situation that should promote epizoot-
ics (Rall 1941; Volynkin 1950).

Scent Marking

Tamarisk gerbils have a ventral sebaceous gland and use its
secretion for scent marking (Sokolov and Gromov 1997;
Gromov 2000). In adult males, this gland appears as a fusiform
pad approximately 4-5 cm in length and 0.6-1.0 cm in width.
Many adult females have no visible gland, but in some of them
(approximately 40%) the gland is prominent and active; the
sebaceous gland complex is approximately half the size of the
male glands. Thus, adult individuals of both sexes are able to
mark their home ranges with ventral gland secretion.

Scent marking by the ventral gland occurs as follows: the
animal crawls over some objects, its abdomen closely pressed
to the substrate, and leaves the secretion of the ventral gland
on that place. Observations in the wild and in semi-natural
enclosures (Gromov and Gromova 1996; Sokolov and
Gromov 1997; Gromov 2000) have shown that the objects
of ventral rubbing include burrow entrances, soil hammocks,
small stones, and lumps of ground. Scent marks with ven-
tral gland secretion may have a role in individual recognition.
Specifically, Halpin (1974) provided evidence that Mongolian
gerbils can differentiate between ventral gland secretions
from different individuals. It can be assumed that tamarisk
gerbils are also able to distinguish relevant scent marks from
different conspecifics. Along with ventral rubbing, tamarisk
gerbils, like Mongolian gerbils (Gromov 2022), mark their
home ranges by building so-called “signal heaps”: the animal
leaves a drop of urine where the substrate is sufficiently loose;
simultaneously, it can also leave one to three fecal pellets at
the same place; throwing the substrate beneath its belly using
its forelegs, the animal builds up a conical hillock (“signal
heap”) covering the drop of urine and fecal pellets.

Direct observations in the enclosures show that scent
marks with the ventral gland secretion are more common
than “signal heaps,” and of the 1,190 scent-marking events
recorded 66% involved ventral rubbing, whereas “signal
heaps” comprise only 30%. This might be explained by the
nocturnal activity of tamarisk gerbils, whose “signal heaps”
are hardly visible at night time and do not serve as visual
marks, like in diurnal Mongolian gerbils (Gromov 2022). In
addition to these kinds of scent-marking behaviors, female
tamarisk gerbils mark their home ranges by genital rubbing,
but the proportion of these scent-marking events is rather
small (4%). Thus, the most common scent-marking patterns
in tamarisk gerbils are ventral rubbing and building “signal
heaps.” Unlike Mongolian gerbils (Gromov 2022), associa-
tion between scent-marking activity and social hierarchy in
male tamarisk gerbils was found to be absent (Gromov 2000).
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Scent-marking behaviors of tamarisk gerbils generally appear
to be sexually dimorphic: both sexes usually mark, but males
do so much more frequently (Table 2). Besides, adults are more
active than young individuals, and reproducing animals are
more active, in terms of scent marking, than non-breeding ones.
Young gerbils start to exhibit scent marking at the age of 7 weeks
by building “signal heaps”; first events of ventral rubbing were
observed at the age of 10-12 weeks, that is, when the animals
became sexually mature (Gromov 2000).

Long-term observations of the gerbils in the semi-natural
enclosures revealed clearly expressed seasonal variation in
their scent-marking activity: the marking frequency was
increased during the breeding season (in spring and sum-
mer) and declined in autumn (Sokolov and Gromov 1997;
Gromov 2000). During the non-breeding period, the rate
of ventral rubbing was decreased by 10-20 times as com-
pared with the breeding season, but did not fall to zero.
Evidently, there is some basic level of this scent-marking
activity not associated with production of gonadal hor-
mones. In female gerbils, both scent-marking patterns are
related to reproductive condition, peaking in frequency
during the periods of receptivity (Table 3). Therefore, scent
marking might be used by female gerbils as a reproductive
tactic to attract mates. As a result, male tamarisk gerbils
exhibited a higher rate of scent-marking activity within the
ranges of the breeding females (Gromov 2000).

To summarize, one can conclude that ventral rubbing and
building “signal heaps” are the most common scent-marking
patterns in the tamarisk gerbil. The ventral gland secretion
has been implicated in individual recognition in M. unguicu-
latus (Halpin 1974, 1986) as well as mate recognition in M.
hurrianae (Kumari and Prakash 1981b; Kittrell et al. 1982).
Although the evidence is from other gerbil species, this might
be true for the tamarisk gerbil as well. “Signal heaps” contain
urine and thus may convey more complex information indi-
cating not only species and individual identity, but sex, age,
social status, and reproductive condition like in other rodents
(Roberts 2007). Possession of a home range/territory is very
important for any adult individual, especially for breeding
females, so scent marking could also serve as a means of home
range familiarization (Mykytowyzc 1970, 1974). It is evident
that scent marking in tamarisk gerbils is a complex and mul-
tifunctional phenomenon.

Socioecology of the Tamarisk Gerbil Compared
With Other Gerbil Species and Murid Rodents

It is well-known that animal societies differ in social com-
plexity. Kappeler (2019) offered a conceptual framework for
systematic and comprehensive studies of social complexity

Table 2. Frequency of scent-marking events (mean + SE per hour of
the aboveground activity) in adult and young gerbils in the semi-natural
enclosures during observation period | (after Gromov 2000)

Age and sex Number of Ventral Building
individuals rubbing “signal heaps”
Adult males 8 8.4+0.8 3.8+0.8
Adult females 8 3.5+1.2 1.0+0.3
Young 12 0.7+0.5 0.2+0.1

individuals
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Table 3. Frequency of scent-marking events (mean + SE per hour of

the aboveground activity) in female tamarisk gerbils in the semi-natural
enclosures in relation to different phases of their reproductive cycle: |—
the second half of pregnancy, ll—postpartum estrus and the first 10 days
of lactation (after Gromov 2000)

Phases of the Ventral rubbing Building
reproductive cycle “signal heaps”
I 0.8+0.3 0.6 £0.2
1l 8.8 x2.4 5.7x3.0

by defining the main components of a social system: social
organization, social structure, mating system, and care sys-
tem. Social organization refers to the size and composition
of a social unit. In rodents, the species-specific social units
are solitary individuals, pairs, aggregations, or family groups.
Kappeler (2019) defined three main types of social organiza-
tion: solitary, pair living, and group living. Social structure
is defined by the content, quality, and patterning of social
relationships emerging from repeated interactions between
pairs of individuals belonging to the same social unit. Social
relationships can be represented by a dominance hierarchy
developed as a result of repeated aggressive interaction, as
well as by pair bonding or social bonding (e.g., between mem-
bers of a family group). Mating system is characterized by
mating patterns and possible reproductive skew. The resulting
emergent patterns at the level of social units allow classifica-
tion of species as monogamous, polygynous, polyandrous, or
polygynandrous (i.e., promiscuous). Care system in rodents
can be defined as solely maternal, biparental, or alloparen-
tal. Many rodent species show intraspecific variation in social
organization. In cases where intraspecific variation occurs on
a categorical scale, such as in species that switch between pair
or group living from year to year, like in Rhabdomys pumilio
(Schradin et al. 2012; Schradin 2013), classification can be
more difficult.

It is well-known that rodents are primarily sedentary ani-
mals, especially during the breeding season, with a few excep-
tions, such as capybaras (Macdonald 1981) or lemmings
(Clough 1965; Henttonen 1980). Every adult individual
possesses a home range used for various purposes: foraging,
construction of shelters and burrows, interactions with con-
specifics, reproduction, etc. The spatial organization (i.e., spa-
tial distribution, exclusiveness, and overlap of home ranges)
reflects the social organization and social structure of any
rodent species (Gromov 2017). In solitary species, same-sex
individuals usually occupy mutually exclusive home ranges.
Within breeding colonies of gregarious species, females also
tend to occupy exclusive home ranges, but ranges of the males
may overlap to a large extent. Each breeding pair and family
group occupies a common and usually defended home range.
Overlapping home ranges of males may contribute to the
establishment of a dominance hierarchy.

The interspecific comparative analysis based on quantifi-
cation of social traits related to the spatial-and-ethological
population structure and cooperation (Gromov 2017) made
it possible to assess differences between 42 muroid rodents,
including gerbils. This analysis revealed many high correla-
tions among the variables under comparison. For example,
male spacing patterns are highly correlated with male social
relationships, and pair bonding is correlated with male paren-
tal care. As a result of a principal components analysis, all
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the species were divided into three main clusters. The first
cluster included several species, which could be regarded sol-
itary living (e.g., G. perpallidus, P. obesus, Microtus monta-
nus). The second cluster included gregarious species that form
relatively stable multimale-multifemale aggregations (e.g.,
Clethrionomys glareolus, Microtus pennsylvanicus, commen-
sal mice, and rats). And the third cluster included species with
a family-group lifestyle (e.g., M. unguiculatus, R. opimus,
Microtus ochrogaster, Microtus pinetorum, Microtus socialis,
Lasiopodomys brandti, Lasiopodomys mandarinus, Lagurus
lagurus). There are no fundamental differences between rodent
species living in pairs or family groups, because pairs always
become family groups when they reproduce. Therefore, the
social organization in murid rodents is represented by three
main types: solitary individuals, aggregations (breeding col-
onies), and family groups (Gromov 2017). The comparative
analysis also showed that some species occupy intermediate
positions between the clusters, because some of them com-
bine features of gregarious species and species living in family
groups (like, e.g., Microtus arvalis), or solitary and gregarious
species (like, e.g., Peromyscus maniculatus).

By definition, adults of solitary species lead solitary lives.
However, solitary does not mean nonsocial, and solitary
rodents typically have nonrandom but individualized social
interactions with their neighbors. In mammals, including
rodents, solitary living means that both adult males and adult
females primarily sleep and forage alone and mainly meet for
courtship and mating. According to Makuya and Schradin
(2024), however, one can differentiate between species that
are obligately solitary living (all individuals are solitary),
mainly solitary living (most individuals are solitary living),
and facultatively solitary living (most individuals live in pairs
or groups and less than 50% solitary).

As for the tamarisk gerbil, a principal components anal-
ysis of several parameters characterizing the spatial struc-
ture and social interactions in eight murid rodents, including
gerbils (Gromov 2007), revealed that this species exhibits
many features of solitary living. Consistent with the concept
of Kappeler (2019), both males and females of this species
lead solitary lives and occupy individual home ranges; the
species-specific social units are solitary individuals, especially
during the nonbreeding season; pair bonds are lacking even
during the breeding season. The mating system of the species
can be defined as scramble competition polygyny with some
features of polygynandry and promiscuity. As for parental
care, only females provide care for young. However, adult
males may form temporary aggregations in the vicinity of
ranges of receptive females during the breeding season. Based
on the results of direct observations in semi-natural enclo-
sures, one can conclude that males may establish a domi-
nance hierarchy within these aggregations, like in breeding
colonies of gregarious species, such as C. glareolus (Galanina
and Serbenyuk 1994; Bujalska and Saitho 2000), Apodemus
sylvaticus (Bovet 1972; Garson 1975; Montgomery 1979,
1980; Smirin and Shilova 1989), or M. meridianus (Popov
et al. 1989; Gromov 2000). But unlike breeding colonies of
gregarious rodents, which are relatively stable in time and
space, temporary aggregations of male tamarisk gerbils are
unstable and disintegrate toward the end of the breeding sea-
son; during the nonbreeding period (in autumn and winter),
adult individuals of both sexes lead solitary lives, occupy-
ing nearly exclusive home ranges. On the contrary, in many
gregarious rodents, the tendency to aggregate may increase
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during the harsh winter season (Madison 1980, 1984; Wolff
and Lidicker 1981; Krebs et al. 2007; Gromov 2008).

Conclusion

The tamarisk gerbil is a nocturnal herbivorous rodent that lives
in highly seasonal habitats and displays seasonal fluctuations in
reproduction and spatial organization. A typical feature of the
tamarisk gerbils’ spatial organization is higher mobility of males
during the breeding season (as compared with the nonbreed-
ing period), as well as formation of temporary aggregations of
males competing for access to receptive females. Females tend
to occupy exclusive home ranges irrespective of their reproduc-
tive condition. By the end of the breeding season, males become
sedentary. In general, the tamarisk gerbil has distinct features of
a solitary species that forms temporary multimale-multifemale
aggregations during the breeding season only; after termination
of reproduction, adult individuals of both sexes occupy nearly
exclusive home ranges, consistent with solitary living. The mat-
ing system of this species can be defined as scramble competition
polygyny; it also has some features of polygynandry as well as
promiscuity.

The social structure in populations of the tamarisk gerbil is
primarily based on aggressive interactions or mutual avoid-
ance of conspecifics. The relationships between adult males
competing for access to receptive females during the breeding
season are based on overt aggressive interactions that may
result in the establishment of a dominance hierarchy in tem-
porary aggregations. As for adult females occupying exclusive
home ranges, they express territoriality and site-dependent
dominance irrespective of their reproductive condition. After
termination of reproduction, adult individuals of both sexes
occupy primarily exclusive home ranges, and their interac-
tions become infrequent.

There are different forms of scent marking in the tamarisk
gerbil. Ventral rubbing and building “signal heaps” are the most
common scent-marking patterns. The ventral gland secretion
may be involved in individual recognition, based on evidence
from other species of gerbils. “Signal heaps” containing urine
may convey more complex information indicating not only
species and individual identity, but sex, age, social status, and
reproductive condition. Both scent-marking patterns could be
considered as a means of familiarization or even monopolization
of the home range. In addition, scent marking might be used by
females as a reproductive tactic to attract mates.

In the Caspian Sea region, tamarisk gerbils are probably the
predominant natural reservoirs for pathogens that cause dis-
ease, including plague, in humans. A relatively high popula-
tion density of this species, fighting, and potential occupation
of agricultural habitats are associated with potentially high
rates of pathogen transmission. Knowledge of social behavior
of the tamarisk gerbil and factors affecting movements and
demography of this species are essential to develop models to
predict transmission rates of rodent-borne diseases and the
potential for outbreaks.

The tamarisk gerbil demonstrates many characteristics of
solitary living. The main features of the spatial and social
organization of this species, which distinguish it from other
solitary rodents, are the higher mobility of males and the for-
mation of temporary multimale-multifemale aggregations
during the breeding season. Compared with other gerbils, it
can be concluded that the socioecology the tamarisk gerbil
combines some features of solitary and gregarious species,
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but only during the breeding season. Overall, the data pre-
sented expand our understanding of socioecology of gerbils
and could be used for broader interspecific comparisons with
other murid rodents.
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