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INTRODUCTION

The notion of the relationship between the level of
aggressive interactions, activation of physiological sys-
tems of stress, and reproduction rate were introduced
by Christian (1950) as a possible mechanism of den-
sity-dependent limit of population growth. Later it pro-
moted numerous field and laboratory studies reviewed
elsewhere (Christian and Davis, 1966; Shilov, 1977;
Boonstra, 1998). These studies demonstrated that the
positive correlation between population density and the
stress level postulated by the Christian’s hypothesis is
not always observed (Evsikov and Moshkin, 1994).
Even in different populations of the same species, oscil-
lations of functional activity of the adrenal cortex (as a
marker of stress) can match or mismatch animal popu-
lation dynamics, which is partially due to the require-
ment for reaching the threshold density triggering the
automatic control of reproduction (Evsikov and Mosh-
kin, 1994; Novikov and Moshkin, 1998). In addition,
the pattern of involvement of stress mechanisms in for-
mation of demographic and spatial–ethological struc-
ture of populations has species-specific distinctions
resulting from specific behavior and morphophysiolog-
ical organization (Popov and Tchabovsky, 1995; Hen-
nessy, 1999).

Comparative studies of the endocrine control of
population processes has made considerable progress
in the recent decade due to the development of nonin-
vasive assays for stress hormones (Gerlinskaya, 1993;
Cavigelli, 1999; Harper and Austad, 2000). Application

of these techniques demonstrated that certain generally
accepted concepts, e.g., a lower stress level in domi-
nants, are not observed in many species, for instance, in
certain social predators such as dwarf mongooses (

 

Hel-
ogale parvula

 

) and African wild dog (

 

Lycaon pictus

 

)
(Creel, 1996). In rodents with deme structure of repro-
ductive groups, males of higher social status and occu-
pying a larger territory have a lower stress level as com-
pared to less successful conspecifics (Moshkin, 2001).
Conversely, the number of females in a reproductive
group (family) positively correlates with the stress level
of the family leader in polygamous species (Rogovin,
2003). Sometimes environmental factors such as habi-
tat type (Marra and Holberton, 1998) or nutritional
resources (Moshkin, 2003) considerably affect func-
tional activity of physiological systems of stress in
addition to social factors. The above-mentioned exam-
ples substantiate comparative study of the role and
position of stress in the mechanisms of population con-
trol in various mammalian species with different pat-
terns of social structure.

The goal of this work was to study variability of
functional activity of the adrenal cortex in males of
midday gerbil as a function of intrinsic (population
density) and extrinsic (habitat integrity) stress factors.

Midday gerbil is a relatively small representative of
the genus 

 

Meriones.

 

 It prefers open habitats on sandy
soils with rare vegetation; it is a typical psammophil
and seed-eater (Rall’, 1940) largely feeding on the
seeds of grasses and ephemerals complemented with
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Abstract

 

—New methods of noninvasive evaluation of the endocrine status of animals by the content of hor-
mones in their feces were used to study the relationship between the stress level and social (population density)
and ecological (habitat integrity) indices in natural populations of midday gerbil in the Southern Kalmykia in
2000. Stress level proved to increase with habitat disturbance but did not depend on population density of ani-
mals. The obtained data are discussed in the context of species-specific ecology and social behavior of midday
gerbils.
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green stuff in spring and early summer and juicy stem
parts in summer (no more than 15–20% of total diet
volume). Midday gerbils usually live solitary and do
not form stable family groups; the animals avoid con-
tacts with conspecifics (Popov, 1989). They proved to
lack density-dependent inhibition of reproduction; their
extermination did not increase the proportion of preg-
nant females in the population (in contrast to, for
instance, tamarisk gerbils) and their numbers were
restored through a higher survival rate of young ani-
mals (Kuznetsov and Matrosov, 1985). These consider-
ations together with specific social behavior allowed us
to assign midday gerbils to socially indifferent species
(Popov and Tchabovsky, 1995; Popov and Tchabovsky,
in press).

Thus, midday gerbil is clearly interesting for com-
parative investigation of stress factors active in the nat-
ural environment. Here we studied the concentration of
corticosterone in the feces of males from local settle-
ments with different population density and food
resource integrity. Considering specific social structure
of the species, we expected a higher contribution of
extrinsic population factors to variability of male
adrenocortical activity as compared to intrinsic popula-
tion ones.

MATERIALS AND METHODS

 

The study area.

 

 The field material was collected in
May–June 2000 in the Southern Kalmykia at the
boundary between the Chernozemel’skii and Iki-
Burul’skii Districts (

 

45°29

 

′

 

 N, 

 

45°26

 

′

 

 E) near Achinery
(former Chernozemel’sk) Settlement.

The study area is a sub-boreal semidesert with the
vegetation composed of ephemerals, annuals, perennial
sod grasses, psammophytic herbage, and subshrubs.
Demutation processes of local pasture ecosystems in
recent decades introduced diverse plant communities
representing different stages of restoration succession
(Neronov, 2002) or, in other words, habitats with differ-
ent degrees of integrity.

 

Marking and recapturing.

 

 The experiments were
carried out on five standard 

 

100 

 

×

 

 100

 

 m (1 hectare)
plots. Vegetation status was ranked according to the
system proposed by Neronov (1998, 2002). Plots with
0, below 50%, and above 50% of disturbed areas (i.e.,
at the early stages of demutation succession) were con-
sidered as undisturbed, little-disturbed, and much dis-
turbed, respectively.

The population density and space utilization indices
were evaluated using the method of individual marking
and recapturing. The gerbils were captured in
Shchipanov’s live traps (1987), which were set in the
corners of 

 

10 

 

×

 

 10

 

 m squares. Sex and age were deter-
mined in the captured animals. The details of capturing
are described elsewhere (Neronov, 1997).

Population density was determined as a total num-
ber of marked adult animals on a plot within 10–14

days, since analysis of the dynamics of gerbil capturing
on five plots in spring 2000 demonstrated capturing of
the whole adult population within 6–8 days. The age
limitations were due to nonsynchronous offspring
emergence in the settlements during the period of work,
which could lead to incorrect abundance estimation in
different settlements. We distinguished plots with high
(over 40 adults per hectare), medium (20–40), and low
(below 20) population densities.

 

Quantitation of hormones in samples.

 

 Feces only
from adult males were collected. Exclusion of females
from the study was due to, apart from cost saving, wide
variations in their endocrine status including adrenal
cortex activity as a result of pregnancy and nursing
(McDonald, 1998), which consequently complicated
getting a homogeneous material for evaluation of stress
effects of local density and feeding conditions. The
samples were collected during regular inspections of
the traps within the intervals of 2–3 h after trap setting.
Such interval allows us to avoid the “effect of capture,”
since the latent time of corticosterone concentration
increase in the feces is at least 3 h after stress stimulus
(Harper and Austad, 2001; Zav’yalov, 2003). In total,
113 samples from 49 males were collected.

In order to evaluate corticosterone in the males, the
feces collected in the field were dried to constant
weight at 30–40

 

°

 

C. Dry feces samples were homoge-
nized in bidistilled water and centrifuged. Corticoster-
one was extracted from the supernatant by diethyl ether.
The extracts were evaporated and the solid was resus-
pended in phosphate buffer. Radioimmune assay for
corticosterone was carried out according to the instruc-
tions for the applied antibodies (Anti-Corticosterone
SIGMA). The Student’s test for parallelism of the bind-
ing curves for feces samples (feces from several males
were combined) and regression curves of standard cor-
ticosterone revealed no significant differences (

 

p

 

 >
0.05) (Fig. 1), which substantiated application of com-
mercial antibodies to determine hormone levels in mid-
day gerbil.

 

Statistical analysis.

 

 Since our data did not conform
to the normal distribution assumption, we used both
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Fig. 1.

 

 Binding curves for doubled corticosterone content in
the standard (

 

1

 

) and feces samples (

 

2

 

); 

 

y

 

 = –2.63

 

x

 

 + 6.16 (

 

1

 

)
and 

 

y

 

 = –2.71

 

x

 

 + 7.62 (

 

2

 

).
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nonparametric (the Kruskal–Wallis ANOVA test) and
parametric methods of statistical processing (one-way
and two-way ANOVA) for the log-normalized data.
Interindividual variability was evaluated using a series
of (at least three) samples from each animal. The
dependence of the stress level on the habitat type and
population density was determined from the first sam-
ple for each animal (i.e., the samples of the first cap-
ture).

RESULTS

Corticosterone level in the feces of midday gerbils
ranged from 53 to 602 ng/g (

 

N

 

 = 103). Reproducibility
of individual corticosterone concentrations in a series
of feces samples (three and more) was insignificant
(

 

F

 

10,

 

 

 

48

 

 = 1.15, 

 

p

 

 = 0.3470), which indicates high indi-
vidual variability of adrenocortical activity exceeding
the interindividual one. This suggests a strong depen-
dence of adrenocortical activity in male midday gerbils
on environmental factors.

Corticosterone level did not significantly differ in ani-
mals from settlements with different densities (Fig. 2a,
Kruskal–Wallis ANOVA, H

 

2, 40

 

 = 0.90, 

 

p

 

 = 0.6368). In
contrast, habitat integrity significantly influenced the
stress level: corticosterone level in the animals
increased with the disturbance of their habitat (Fig. 2b,
Kruskal–Wallis ANOVA, H

 

2, 40

 

 = 6.78, 

 

p

 

 = 0.0337).

Since the habitats of different integrity had different
population densities as well, we performed a two-way
ANOVA (nested design) of adrenocortical activity as a
function of habitat integrity (the main factor) with
simultaneous test for possible effect of animal popula-
tion density (nested factor). This analysis demonstrated
a significant effect of the integrity factor on the level of
corticosterone (

 

F

 

1, 36

 

 = 7.15, 

 

p

 

 = 0.0112), while the den-
sity factor had no considerable contribution to the stress
level variability (

 

F

 

2,

 

 

 

36

 

 = 0.24, 

 

p

 

 = 0.7847).

DISCUSSION

The obtained data demonstrated that the stress level
in midday gerbils from different settlements did not
depend on their population density but increased with
the disturbance of their habitat. The assumption on
intrinsic population mechanisms of density-dependent
autoregulation of animal abundance does not always
agree with the data obtained for free-living populations.
For instance, an inverse relationship between popula-
tion density and stress level was revealed in a wild pop-
ulation of water vole (Evsikov, 1999). In addition, the
absence of the relationship between corticosterone
level in midday gerbils and their population density
agrees with the data on high social independence of this
species (Tchabovsky, 1993; Gol’tsman, 1994; Popov
and Tchabovsky, 1995). It is manifested as an arbitrary,
symmetric, and unstable pattern of relationships
between individuals inhabiting the same territory and
as density-independent reproduction (Kuznetsov and
Matrosov, 1985). Low reproducibility of individual lev-
els of corticosterone in the feces agrees with these prop-
erties of social behavior. The hormones of the hypothal-
amus–pituitary–adrenal system considerably contrib-
ute to formation of spatial–ethological structure of
rodents (Shilov, 1977). Hence, stable individual differ-
ences in the level of this neuroendocrine system activity
typical for rodents with ordered social structure (Bujal-
ska, 1994; Moshkin, 2001; Rogovin, 2003) can be one
of mechanisms fixing the position of an individual in a
social hierarchy.

Thus, density-dependent mechanisms of stress
response seem to have no significant effect on forma-
tion and maintenance of population structure in midday
gerbils under natural conditions. Apparently, popula-
tions of this species have no mechanisms of density
autoregulation (based on stress response, genetic, or
behavioral mechanisms) described for many other
mammalian species. This is confirmed by an extremely
wide range of admissible social conditions (Gol’tsman,
1994; Popov and Tchabovsky, 1995), sharp abundance
oscillations in natural populations (Rall’, 1939; Pavli-
nov, 1990), and stable reproduction in populations
under hyperdense laboratory conditions (Gol’tsman,
1994).

The revealed significant direct relationship between
the stress level of midday gerbils and disturbance of
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 The level of corticosterone in midday gerbils as a
function of population density (a) and habitat integrity (b).
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their habitat is of clear interest. Development of nonin-
vasive methods for evaluation of stress level of animals
in free-living populations made it possible to demon-
strate similar relationships between glucocorticoid lev-
els and environmental conditions for many mammals
and birds (Wingfield and Kitaysky, 2002). Usually
availability of nutritional or water resources as well as
protective properties of the habitat serve as specific fac-
tors of the stress level (Marra and Holberton, 1998).
These conditions also differ in habitats with different
integrity. Note that the composition of midday gerbil
populations in highly disturbed habitats was less stable
and was renewed faster as compared to intact habitats
(Tchabovsky and Neronov, unpublished data). A simi-
lar phenomenon was observed for American redstart in
Jamaica (Marra and Holberton, 1998), where “male”
(more successful) and “female” (less successful) habi-
tats are recognized. Individuals living in the latter hab-
itats have a more pronounced seasonal variability of
corticosterone levels, which increased during unfavor-
able periods since the “female” habitats give worse
opportunities for successful life then. In addition, high
level of corticoids in animals from disturbed habitats
can reflect higher time expenditures for their feeding
activity (Wingfield, 1998). At the same time, the prob-
lem of specific contribution of each of the above-men-
tioned factors to the observed variability remains open.
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