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One of the urgent tasks of modern population ecol-
ogy is the study of the spatial structure of animal popu-
lations, which is necessary not only for determining the
species-specific type of territory use and the pattern of
intrapopulation relationships between individuals, but
also for estimating the role of a certain species in the
formation of the spatiotemporal structure of natural
foci of many zoonoses. In this context, it is important to
study the principles of functioning of the spatial popu-
lation structure, which represents both a static system
of the ordered distribution of individuals over the terri-
tory and a dynamic system of their relations with each
other and with their environment (Shilov, 1977).

It is known that the spatial population structure is
manifested in the ordered distribution of individuals
and their groups with respect to certain landscape ele-
ments and to each other (Shilov, 1977, 1991; Smirin,
1991). The pattern of the spatial distribution of individ-
uals and their groups over the territory is highly diverse.
Numerous observations on different mammalian spe-
cies, especially murine rodents, indicate that a more or
less uniform animal distribution in space can be
observed only as an exception, even under relatively
homogeneous habitat conditions. As a rule, the groups
of individuals form within a population; these are its
structural units that provide a basis for the development
of adaptive population responses to changes in external
and internal conditions. They are referred to as demes
(Gilmur and Heslop-Harrison, 1954), parcels (Naumov,
1971), or simply intrapopulation groups (Shilov, 1977),

and it is their existence that provides for the stability of
a population as an integrated system. The rodents lead-
ing a group mode of life are characterized by the so-
called solitary–family type of species population struc-
ture (Bashenina, 1962; Smirin, 1991). The intrapopula-
tion structure of these species is based on social groups
that may be represented by extended families (a pair or
a female with offspring), extended families and unre-
lated adults, or only unrelated individuals (McGuire
and Getz, 1995). The structural territorial population
unit in this case is the area occupied by one family or a
mixed group including animals of different sexes and
ages. Its size actually corresponds to the total size of
family feeding grounds. This area usually includes a
group of various shelters (nests, burrows, etc.) intercon-
nected by a network of trodden paths to form a “col-
ony.” This term is used here conditionally, according to
Bashenina (1962, 1977), because most species of small
rodents do not form true colonies.

In studying the population structure of small mam-
mals, much attention is given to the ratio of the resident
and migrant parts of the population, which largely
determines its ecological stability. The populations
always include individuals that have no home ranges at
a given moment and travel over large distances in a cer-
tain locality (dispersing juveniles or adult intrapopula-
tion migrants). Studies performed as early as the 1940s
and 1950s (Rall’, 1945; Naumov, 1951) have shown
that the rodent fauna of a local area consists of animals
belonging to two main groups: permanent dwellers of
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Abstract

 

—The spatial structure of populations has been studied in two rodent species inhabiting the subzone
of meadow steppes of the steppe zone of Omsk oblast: the narrow-sculled vole (

 

Microtus gregalis

 

 Pall.) and
steppe lemming (

 

Lagurus lagurus

 

 Pall.). Their populations are represented by combinations of territorial family
groups whose structure and spatial distribution vary by season depending on population density, the phase of
the population cycle, and the status of their members in the population. In the areas cohabited by 

 

M. gregalis

 

and 

 

L. lagurus

 

, the pattern of territory use and the rhythm of animal activity during the day depend primarily
on their total density: under conditions of low density, the population groups of both species are spatially sep-
arated; at increased density, they are distributed with respect to the pattern of daily activity. Both species jointly
use part of the territory but at different times of day: 

 

M. gregalis

 

, mainly at night and in the morning; 

 

L. lagurus

 

,
in the daytime.
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this area (currently referred to as settled individuals, or
residents) and visitors, which are not connected with
this area but periodically travel over it (migrants). Both
parts of the population have specific biological features
and are qualitatively nonuniform with respect to a vari-
ety of characters, due to which the resident animals
have certain advantages allowing them to hold a certain
rank in the intrapopulation hierarchy and dominate over
migrants (Shilov, 1977, 1991; Voopstra and Krebs,
1978; Smirin, 1991).

To date, conflicting opinions concerning the prob-
lem of residents and migrants and their role in the pop-
ulation structures have been formed. Some authors
believe that long-range migrations away from the home
range are not typical of small mammals; the observed
animal migrations are regarded as accidental events
having a minimal effect on the population dynamics
and demographic structure (Lidicker, 1975; Fairbain,
1977). Other authors, conversely, consider that small
mammals are characterized by considerable migration
activity, which is a mechanism for regulating popula-
tion density; they have put forward various hypotheses
emphasizing the potential role of migrants in this regu-
lation and the existence of linear or nonlinear relation-
ship between migration activity and population density
(Tamarin, 1977; Shchipanov 

 

et al.

 

, 1992; Luk’yanov,
1993; Shchipanov, 1996).

MATERIAL AND METHODS

The spatial structure of rodent populations was stud-
ied in the meadow-steppe subzone of the steppe zone of
Omsk oblast from 1999 to 2001. Studies were per-
formed in the focus of hantavirus (Tula genotype) cir-
culation in the Steppe Complex Reserve (part of the
Kurumbel’skaya Steppe, Okoneshnikovskii and Cher-
lakskii raions). Animal marking on a permanent plot
was performed in spring–early summer (in the second
ten-day period of June in 1999 and in the second ten-
day period of May in 2000 and 2001) and in autumn, in
the first (1999) and the second (2000) ten-day periods
of September; each time, the work continued for ten
days. In addition, trap-line censuses were taken by the
conventional method (Kucheruk, 1952) to estimate the
relative abundance of small mammals in 1997–2001.
The total amount of work was 19250 trap-days; data on
ten species of small mammals, including seven rodent
species, were obtained.

A marking plot 3.3 ha in area was established in a
lakeside depression south of Lake Ataich’e. Using the
mark–recapture method (Naumov, 1951), we marked
by finger clipping a total of 430 animals, including 332

 

M. gregalis

 

 and 98 

 

L. lagurus.

 

 Wire-mesh live traps
with standard bait (bread with vegetable oil) had an
additional chamber for dry grass and food (oats). They
were set in the plot in two ways: (1) in groups of five to
ten traps around the inhabited animal colonies (May
and June 1999–2000; September 1999), and (2) in an
area of 2 ha, where the boundaries between colonies

were undetectable because of high animal density, the
traps were arranged in a grid pattern (parallel rows of
11 traps, with the distances between the traps and rows
being 10 m); in the remaining part of the plot, the traps
were set around the colonies (September 2000). The
traps were examined twice a day, in the morning (6:00–
9:00 a.m.) and in the evening (7:00–9:00 p.m.). Each
newly captured animal was assigned a number,
weighed, and analyzed for a combination of external
characters to determine its species, sex, and age, distin-
guishing the groups of young of the year (juv or sad) or
adult, overwintered individuals (ad or sen). Its involve-
ment in reproduction was determined from the state of
genitals (with sad II and ad regarded as mature, and juv,
sad I, and sen, as nonreproductive).

These data were analyzed to calculate the ratio of
resident and migrant animals, population density, and
sex–age composition. Population density was deter-
mined as the number of individuals captured in a 1-ha
plot during ten days. The animals that were captured no
less than four times and lived in the plot for a long time
were assigned to the resident group. The migrant group
included the animals that stayed in the plot temporarily
and were captured one to three times. Calculating the
numbers of residents and migrants and performing sub-
sequent data analysis, we did not take into account the
animals that were marked during the last three days of
work on the marking plot. The daily pattern of animal
activity was estimated from the rates of their capture at
different times of day (morning–evening). The propor-
tion of morning captures characterized the relative ani-
mal activity at night (from 8:00 p.m. to 8:00 a.m.), and
the proportion of evening captures, the relative activity
in the daytime (8:00 a.m.–8:00 p.m.). The results were
processed statistically using conventional methods. In
estimating their statistical significance, the following
designations were used: 

 

p

 

 < 0.95, the value or the dif-
ference between values is nonsignificant; 

 

p

 

 

 

≥

 

 0.95

 

, 0.99,
or 0.999, the value or the difference between values is
significant at the corresponding confidence level.

RESULTS

 

Relative abundance and population density. 

 

The
plot for studying the spatial structure of rodent fauna
was chosen taking into account the biotopic distribution
and relative abundance of animals. Throughout the
observation period (1997–2001), 

 

M. gregalis

 

 was dom-
inant among small mammals of the Steppe Reserve: its
proportion in captures averaged 

 

76.3 

 

±

 

 1.7% (58.3 

 

±

 

 2

 

.6%
in spring and 

 

77.7 

 

±

 

 2

 

.2% in autumn), and average rel-
ative abundance varied by seasons from 1.5 individuals
per 100 trap-days in spring to 5.2 individuals per
100 trap-days in autumn. Biotopically, 

 

M. gregalis

 

 pre-
fers lakeside basins of salty lakes, which apparently
serve as refuges. The population of these rodents in
such biotopes proved to be most stable in all seasons: its
proportion in the fauna of small mammals ranged from
62.3 to 100%, and its density was 3.8–5.3 times higher



 

RUSSIAN JOURNAL OF ECOLOGY

 

      

 

Vol. 35

 

      

 

No. 1

 

      

 

2004

 

THE SPATIOTEMPORAL STRUCTURE OF RODENT POPULATIONS 29

 

than in other biotopes, varying from 9.1–11.5 ind./ha in
spring to 17.0–52.1 ind./ha in autumn (

 

p

 

 > 0.95). The
proportion of 

 

L. lagurus

 

 in the fauna of small mammals
of the Steppe Preserve considerably varied from year to
year (from single individuals to 20–27% in captures)
and, on average, did not exceed 21% (

 

20.7 

 

±

 

 1

 

.7%); the
abundance of these animals was low: from 0.4 individ-
uals per 100 trap-days in spring to 1.5 individuals per
100 trap-days in autumn. Biotopically, this species pre-
fers lakeside basins of salty lakes, where it can be a
codominant of 

 

M. gregalis

 

 in some years, as well as dry
grass–herb and feather grass–sheep’s fescue meadow
steppes. Its proportion among small mammals in the
latter types of habitats averaged approximately 20%
(

 

21.4 

 

±

 

 1

 

.7 and 

 

20.3 

 

±

 

 5

 

.2%, respectively).

 

The sex–age population structure.

 

 In the early
summer and autumn of 1999 and in the autumn of 2000,
the proportion of migrants in the 

 

M. gregalis

 

 popula-
tion was 3.1–3.4 times greater than that of resident ani-
mals; in the spring of 2000, these proportions were
almost equal. Differences in the sex–age structure of
the resident and migrant parts of the population were
revealed. In June 1999, the 

 

M. gregalis

 

 population was
mainly dominated by reproducing overwintered indi-
viduals (

 

63.2 

 

±

 

 7

 

.8%), with a significant prevalence of
females (the sex ratio was 2 : 1; 

 

p

 

 > 0.99). In May 2000,
the proportions of overwintered individuals and young
of the year in the population did not differ significantly
(

 

p

 

 < 0.95), but juvenile animals were characterized by
early sexual maturation and actively participated in
reproduction: individuals weighing 7.0–8.5 in the con-
dition of rut or early pregnancy occurred in catches, and
the proportion of mature individuals among young of
the year (sad II) comprised 

 

75.0 

 

±

 

 9

 

.7%). The sex ratio
in this period was close to 1 : 1, but females signifi-
cantly prevailed among resident individuals (

 

75.0 

 

±

 

12

 

.5%, 

 

p

 

 > 0.95), and males prevailed among migrants
(

 

73.3 

 

±

 

 11

 

.4%, 

 

p

 

 > 0.95). In the spring of 2001, only
five 

 

M. gregalis

 

 were captured in the marking plot,
including two adult females (lactating and pregnant)
and three males (two sad II and one ad).

The bulk of the animal population in autumn (Sep-
tember 1999 and 2000) consisted of young animals of
the previous summer generations (sad I): their propor-
tions in the 

 

M. gregalis

 

 population were 

 

98.2 

 

±

 

 1

 

.8 in
1999 and 

 

97.7 

 

±

 

 1

 

.1% in 2000. In 1999, the sex ratio in
the population was approximately 1 : 1, with almost
10% of individuals participating in reproduction: the
proportion of mature animals was 

 

8.9 

 

±

 

 3.8% (among
young of the year, 

 

7.3 

 

±

 

 3

 

.5%). In 2000, the sex ratio
remained generally the same, but females significantly
prevailed among resident animals (

 

65.7 

 

±

 

 8.0%

 

, 

 

p

 

 >
0.95), and males prevailed among migrants, although
slightly (

 

58.0 

 

±

 

 4.5

 

, 

 

p

 

 > 0.95). In addition, none of the
examined mature males and females was involved in
reproduction at the time (apparently, because field stud-
ies in this year began later than in 1999). In 

 

L. lagurus

 

,
the spring population in May 2000 consisted of
migrants only; they also prevailed in autumn, compris-

ing 

 

94.5 

 

±

 

 3

 

.1% of the population. The sex ratio among
migrants was unstable: in spring, it was 1 : 1; in
autumn, the proportion of males was 2.5 times greater
than that of females (

 

71.2 

 

±

 

 6

 

.3% vs. 

 

28.8 

 

±

 

 6

 

.3%). The
autumn population of 

 

L. lagurus

 

 consisted of immature
young of the year (sad I) by 89–100%, and all mature
individuals did not reproduce, as in 

 

M. gregalis

 

.

 

Spatial distribution of individuals.

 

 In June 1999,
only 

 

M. gregalis

 

 voles were found in the marking plot.
Of 26 recorded settlements (colonies), 14 proved to be
inhabited. The greater part of animals (

 

71.1 

 

±

 

 7

 

.4%) was
captured in the eastern part of the plot, where they
formed several territorial groups with an area of 0.01–
0.08 ha; one resident colony was in the northern part of
the plot (figure). These groups included animals from
one colony or from several colonies located at a dis-
tance of 20–40 m from each other (Table 1, figure).
Each group consisted of three to ten animals; one or
two of them were resident females, which were cap-
tured four to seven times and always in the same area.
The remaining individuals were found in catches once
or, less frequently, twice; some of them were inciden-
tally captured beyond the areas occupied by groups.
Among them, young of the year and adult individuals
occurred at an equal ratio. The distance between the
conventional group centers (sites of the greatest animal
concentration) varied widely, averaging approximately
80 m (Table 1).

In May 2000, two rodent species, 

 

M. gregalis

 

 and

 

L. lagurus

 

, occurred in the plot. Their total density was
16.1 ind./ha. In the plot and at a distance of 40–60 m
from its conventional boundaries, we found 42 colonies
with traces of rodent life activity (24 in the plot and
18 beyond it). However, the animals were captured in
only 23 colonies (

 

54.8 

 

±

 

 7

 

.7%) located in the central,
western, and northwestern parts of the study area. Nar-
row-sculled voles used 16 colonies (seven in the plot
and nine beyond it) that formed six territorial groups.
Steppe lemmings used seven colonies (five in the plot
and two beyond it), forming three local groups.
Virtually all animal groups were monospecific (five

 

M. gregalis

 

 and two 

 

L. lagurus

 

) and spatially sepa-
rated. No animal movement between them was
recorded (figure). In the central part of the plot, individ-
uals from two groups of both species were recorded in
the same colony but at different times: initially, two res-
ident 

 

M. gregalis

 

 voles were regularly captured there,
and 

 

L. lagurus

 

 appeared in catches only after their
death (five animals of this species, all of them being
migrant young of the year, were captured 11 times). In
the neighboring colony, the catches also included indi-
viduals of both species, but mainly of 

 

M. gregalis

 

 (nine
captures of four animals, of which one was a resident
female); 

 

L. lagurus

 

 occurred singly (two captures of
two migrants).

Thus, almost all animal colonies on the plot in this
period were monospecific, and single captures of indi-
viduals of another species in them were separated in
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time. The average area of 

 

M. gregalis groups and the
number of animals in them did not differ from those in
June 1999, but the distance between them was greater
by a factor of 1.5 (the difference is significant, p = 0.95;
Table 1). Among resident members of the groups,
72.7 ± 13.4% were females (half of them sad II). None
of the animals marked in the previous season (Septem-
ber 1999) were found on the plot.

In May 2001, only five resident rodent colonies
were recorded on the marking plot and in close proxim-
ity to it; four of the five marked M. gregalis were cap-
tured in the colonies situated in the western part of the
plot (one or two times in four colonies each).

The territorial groups of L. lagurus in the spring of
2000 included five to seven animals. They had areas of
0.01 to 0.05 ha and, on average, did not differ from the
groups of M. gregalis in this parameter, but the distance
between them was significantly greater (p > 0.95). The
groups of L. lagurus were located 40–120 m (on aver-
age, 78.0 ± 16.4 m) away from the groups of
M. gregalis. As was already mentioned, steppe lem-

mings recorded in this period, according to the number
of captures (1–3), were classified as migrants, but they
did not occur beyond their own groups (figure).

In September 1999, the population density of
M. gregalis increased by a factor of 1.5, compared with
that in June, and reached 17.0 ind./ha. In addition, four
individuals of L. lagurus were recorded on the plot in
the same period (population density 1.2 ind./ha). Of
35 individuals recorded earlier (in June 1999), only one
adult female was captured. Similar to the situation in
June, M. gregalis used the area of the plot nonuni-
formly: it was captured in only 19 out of 28 colonies
recorded in this period (Table 1). Most M. gregalis
voles (42.9 ± 6.6%) concentrated in three groups with
an area of 0.01–0.04 ha in the southwestern part of the
plot; one-third of them (32.1 ± 6.2%) formed the largest
territorial group with an area of 0.19 ha in the eastern
part of the plot, and only 7.1 ± 3.4% of individuals were
captured in a colony located in its northwestern part
(figure). Within groups, 4–18 juvenile animals of the
same age group were recorded. These were mainly

Spring 1999

5

Spring 2000

Autumn 1999

Autumn 2000

N

S

2 3 41

7 8 9 10 11 126

The spatial distribution of M. gregalis and L. lagurus in the steppe zone of Omsk oblast (according to marking data): (1) boundary
of the marking plot; (2) directions of animal migrations; (3) groups of M. gregalis; (4) groups of L. lagurus; (5) territory used jointly;
(6) uninhabited animal colonies; (7–9) points of M. gregalis captures: (7) 1–3 animals, (8) 4–6 animals, (9) more than 6 animals;
(10–12) points of L. lagurus captures: (10) 1–3 animals, (11) 4–6 animals, (12) more than 6 animals. In the zone jointly used by
both species (autumn 2000), symbols indicate the points where the animals of only one species were captured.
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immature young of the year, which included no more
than two resident individuals. No captures of animals
beyond their own groups were recorded. The distance
between the centers of the M. gregalis groups averaged
approximately 90 m, as in other seasons.

We failed to reveal any trends in the distribution of
L. lagurus over the marking plot in September 1999,
because we recorded only seven captures of four indi-
viduals of this species (one to two captures in four col-
onies each). One male L. lagurus marked in this season
was captured once in May 2000 beyond the marking
plot.

In September 2000, the total population density of
rodents of both species throughout the plot increased by
a factor of 4.5 and reached 72.7 ind./ha (52.1 ind./ha in
M. gregalis and 20.6 ind./ha in L. lagurus). Of animals
marked earlier (May 2000), only four animals were
encountered: three M. gregalis (one male sen and two
female sad II) and one L. lagurus (male sad II). In the
most densely populated part of the plot, which was
completely dug up by animals, the traps were arranged in
a 10 × 10-m grid, as we failed to distinguish the bound-
aries between individual colonies. Its area was 2 ha, and
the total animal density in it reached 108 ind./ha
(74.0 ind./ha in M. gregalis and 34.0 ind./ha in L. lagurus).

The analysis of animal distribution in this area and
around it, within the boundaries of the marking plot
(3.3 ha), showed that most of the M. gregalis popula-
tion (70.3 ± 3.8% of animals) in the “grid area” concen-
trated mainly in its southern part; nearly one-third of
the L. lagurus population (30.9 ± 5.6%) was captured
only in the western and northwestern parts; in the north-
ern and northeastern parts, there was a zone jointly used
by both species, with L. lagurus occurring in almost

half of the traps (49.2 ± 6.2%) (figure). The rodents of
both species used 88.9 ± 2.2% of the plot, with 32.8 ±
3.3% accounted for by the zone of “overlap. Beyond
the “grid area,” seven isolated animal colonies were
recorded. All of them were monospecific: catches in six
colonies located in the northwestern part of the plot
included only M. gregalis (five to nine animals each); in
the colony located on the eastern side, only L. lagurus
(six animals). No rodents from these colonies occurred
in traps arranged in a grid; nor was their movement
from one colony to another recorded, although the dis-
tance between the neighboring settlements, as well as
between them and the extreme trap lines, did not exceed
60 m.

Daily animal activity. In M. gregalis, nocturnal
activity prevailed throughout the observation period:
the proportion of animals captured in the morning var-
ied from 53.1 to 63.6%, averaging 57.2 ± 1.9%
(p > 0.999; Table 2). This trend was characteristic of
both residents and migrants. In the autumn of 2000,
however, animals from the “grid area” proved to differ
in this parameter: nocturnal activity prevailed only in
resident animals but not in migrants. In six isolated col-
onies, no differences in the daily activity of voles were
revealed.

In L. lagurus, no differences with respect to the
period of animal activity were recorded in the spring of
2000; in autumn, however, diurnal activity significantly
prevailed in migrants (the data on residents were insuf-
ficient for analysis). In one isolated colony, the animals
were captured uniformly in the morning and in the
evening. On the whole, the frequency of morning cap-
tures of M. gregalis in different seasons (on average,
63.1 ± 3.6% in spring and 55.2 ± 2.2% in autumn) was

Table 1.  Characteristics of territorial groups in M. gregalis and L. lagurus according to marking data (1999–2000)

Indices

M. gregalis L. lagurus

June 1999 September 
1999 May 2000 September 

2000* May 2000 September 
2000*

Population density, ind./ha 11.5 17.0 10.0 74.0 6.1 34.0

Percentage of inhabited colonies,
or percentage of territory used
by animals

53.8 ± 9.8 67.9 ± 9.2 38.1 ± 7.5 – 16.7 ± 5.8 –

– – – 55.6 ± 3.5 – 32.9 ± 3.3

Number of groups 5 5 6 None 3 None

Group area, ha 0.03 ± 0.01 0.06 ± 0.03 0.05 ± 0.02 – 0.02 ± 0.01 –

(0.01–0.08) (0.01–0.19) (0.01–0.15) (0.01–0.05)

Distance between groups, m 79.5 ± 12.2 90.5 ± 11.1 116.0 ± 9.9 – 73.3 ± 11.1 –

(30–150) (35–165) (40–160) (60–100)

Number of individuals in a group 6.6 ± 1.3 9.2 ± 1.7 7.2 ± 1.4 6.0 ± 0.5

(3–10) (4–18) (4–13) (5–7)

Number of resident individuals
in a group

1.2 ± 0.2 1.6 ± 0.7 2.6 ± 0.7 – – –

(1–2) (0–4) (2–6) –

* Data on the area where the traps were arranged as a 10 × 10-m grid.
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1.3–1.5 times higher, and that of evening captures (on
average, 36.9 ± 3.6% in spring and 44.8 ± 2.2% in
autumn) was 1.3–1.6 times lower than the correspond-
ing frequencies of L. lagurus captures (0.95 < p >
0.999; Table 2).

DISCUSSION

This study provided data for analyzing the spa-
tiotemporal structure of populations of two rodent spe-
cies belonging to the steppe faunistic complex—

M. gregalis and L. lagurus—in the subzone of meadow
steppes of the steppe zone of Omsk oblast.

The M. gregalis population in the study area was
represented by a combination of territorial groups,
which were apparently the family groups. It is known,
for instance, that the presence in summer populations
of intra- and interfamily animal groups providing a
kind of mutual assistance in the period of breeding and
rearing the progeny is characteristic of many vole spe-
cies of the genus Microtus (Lambin, 1994). Animals
belonging to the same family or kin group can be indi-
rectly estimated from the sex–age composition of these

Table 2.  Dynamics of daily activity of narrow-sculled voles (M. gregalis) and steppe lemmings L. lagurus)

Characteristics of population

M. gregalis L. lagurus

June 1999 May 2000 September 
1999

September 
2000* May 2000 September 

2000**

Total number of animals 34 27 53 148 19 68

Population density, ind./ha 11.5 10.0 17.0 74.0 6.1 34.0

Total number of captures 77 107 117 363 35 113

Number of morning captures 49 67 73 190 15 47

Proportion of morning
captures, %

63.6 ± 5.5 62.6 ± 4.7 62.4 ± 4.5 52.3 ± 2.6 42.8 ± 8.4 41.6 ± 4.6

Number of evening captures 28 40 44 173 20 66

Proportion of evening
captures, %

36.4 ± 5.5 37.4 ± 4.7 37.6 ± 4.5 47.7 ± 2.6 57.2 ± 8.4 58.4 ± 4.6

Td* (morning–evening) total 3.5 (p > 0.999) 3.8 (p > 0.999) 3.9 (p > 0.999) 1.2 (p < 0.95) 1.2 (p < 0.95) 2.6 (p = 0.99)

Resident animals
Number 9 12 13 30 – 3

Number of captures 41 76 53 151 – 13

Number of morning captures 26 46 34 84 – 5

Proportion of morning
captures, %

63.4 ± 5.7 60.5 ± 5.8 64.2 ± 6.6 55.6 ± 4.0 – 38.5 ± 13.5

Number of evening captures 15 30 19 67 – 8

Proportion of evening
captures, %

36.6 ± 5.7 39.5 ± 5.8 35.8 ± 6.6 44.4 ± 4.0 – 61.5 ± 13.5

Td (morning–evening)
for residents

3.3 (p > 0.99) 2.6 (p = 0.99) 3.1 (p > 0.99) 2.0 (p > 0.99) – 1.2 (p < 0.95)

Migrants
Number 25 15 40 110 19 52 

Number of captures 32 31 60 206 34 88

Number of morning captures 21 21 36 104 14 33

Proportion of morning
captures, %

65.6 ± 8.4 67.7 ± 8.4 60.0 ± 6.3 50.2 ± 3.5 41.2 ± 8.4 37.5 ± 5.2

Number of evening captures 11 10 24 102 20 54

Proportion of evening
captures, %

34.4 ± 8.4 32.3 ± 8.4 40.0 ± 6.3 49.8 ± 3.5 58.8 ± 8.4 62.5 ± 5.2

Td (morning–evening)
for migrants

2.6 (p > 0.95) 3.7 (p = 0.999) 2.2 (p > 0.95) 0.1 (p < 0.95) 1.5 (p < 0.95) 3.4 (p > 0.99)

  * Td, significance of difference between the proportions of captures.
** Data on the area where the traps were arranged as a 10 × 10-m grid.
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groups in different seasons of the year: in spring and
early summer, each group includes one or two resident
adult females and dispersing juveniles (probably, the
offspring of these females); in autumn, they comprise
young of the year belonging to the same age group (the
previous summer generation) dominated by immature
individuals, which will apparently remain in the same
place for wintering. The formation of wintering rodent
communities by individuals of the late-summer and
late-autumn generations is an important characteristic
of their adaptive behavior (Bashenina, 1977). We
revealed no seasonal changes in the area occupied by
territorial–family groups: it varied widely (from 0.01 to
0.19 ha) but, on average, did not exceed 0.06 ha. The
distance between the conventional centers of these
groups also remained virtually unchanged. As to the
daily pattern of animal activity, M. gregalis voles were
significantly more active at night (both residents and
migrants). However, at a high population density
(autumn 2000), nocturnal activity prevailed only in res-
ident individuals, while the activity of migrants was
more or less uniform. This situation apparently reflects
a certain adaptive mechanism for relieving tension in
the intraspecific relations of voles.

The analogous type of intraspecific relations and the
“territorial–family” pattern of spatial distribution was
observed in L. lagurus. The steppe lemming is a steno-
topic species, and its populations, unlike those of
M. gregalis, have a low ecological flexibility; therefore,
it is ecologically more vulnerable to the effects of
adverse environmental factors (Gladkina, 1980). At the
sites of cohabitation with M. gregalis in the study area,
the pattern of territory use and the rhythm of diurnal
activity of L. lagurus changed depending primarily on
the level of total animal density. When the density of
both species was low (the spring of 2000), the capacity
of the territory was sufficient for allowing spatial sepa-
ration of the population groups of different species.
Upon a significant increase in the total population den-
sity (the autumn of 2000), we failed to distinguish dis-
tinctly isolated family groups of either species; how-
ever, some specific features of animal distribution over
the marking plot were revealed.

In the “grid area,” where the total density of both
species reached 108 ind./ha, three zones of animal dis-
tribution were formed: the zone inhabited mainly by
M. gregalis in the southern part of the plot (it accounted
for 39.4 ± 3.5 of its total area), the zone where L. lagu-
rus prevailed (the western and northwestern parts,
16.7 ± 2.7%), and the zone cohabited by both species
(the northern and northeastern parts, 32.8 ± 3.3%). The
latter was used by animals nonuniformly: L. lagurus
was found more frequently in its eastern part, and
M. gregalis, in the northern part. In addition, under
conditions of high animal density, insufficient spatial
separation of individuals of these ecologically related
species was counterbalanced by their redistribution
with respect to the period of activity. Both species used
the territory jointly but at different times of day:

M. gregalis was active mainly at night and in the morn-
ing, and L. lagurus, in the daytime. Apparently, this
mechanism is ecologically more important for the
steppe lemming, whose population in the correspond-
ing period consists mainly of dispersing juveniles
(migrants).

In addition, an interesting feature was noted for both
species: in any season, the catches made in the plot had
almost no animals marked in the previous season. Such
animals occurred singly, and their proportion did not
exceed 2%. It appeared as if an almost complete
renewal of the population took place in both species.
The factors responsible for this phenomenon are as yet
unknown. It may well be, however, that parents leave
their home range to the growing juveniles, which are
the reproductive reserve of the population for the next
breeding season. A similar behavioral strategy has been
observed, for instance, in the Siberian and collared lem-
mings: their females disperse at the last stages of preg-
nancy, and juveniles from the previous litter remain
near the maternal burrow (Danilov, 2000).

On the whole, the structure and spatial distribution
of M. gregalis and L. lagurus in the steppe zone of
Omsk oblast vary by season depending on the popula-
tion density, population cycle, and the intrapopulation
status of animals. The results of this study provide evi-
dence for species-specific features in the spatial distri-
bution of individuals and seasonal differences in the sex
ratio and the structure of different age groups in popu-
lations of M. gregalis and L. lagurus, which reflect the
alternation of phases in their population cycles.
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