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Investigation of animal spatial use is crucial for both fundamental understanding of life history and ecol-
ogy of the species, and for addressing applied issues in population management and the conservation of
threatened species. Acquiring precise data on movements remains technically challenging for mammals
with specific lifestyles, particularly for secretive, burrowing, or subterranean taxa. Here, we present the first
study of spatial use in Spermophilus fulvus (hereinafter — yellow ground squirrel), a large rodent exhibit-
ing an extremely prolonged period of summer — winter hibernation. We collected data in March—August
2019-2023 in a wild population located in the Dyakovsky Forest National Park (Saratov Region, Russia).
Movements of yellow ground squirrels were recorded using Global Positioning System tracking devices.
Additionally, for the first time in a rodent hibernator, we have tested a method of attaching GPS-trackers
to the skin using surgical glue, which proved to be completely safe for the animals, including those species
that exhibit pronounced fluctuations in body mass during their annual cycles. During the mating season in
spring, males travelled for long distances in search for estrous females, whereas females remained in the
vicinity of their hibernacula. Males traversed several kilometres per day and made excursions well beyond
the settlement boundary, visiting and mating with many females, employing a competitive mate-search-
ing strategy. The observed patterns of mating system are consistent with scramble competition polygyny
involving promiscuity and multiple paternity in the yellow ground squirrel. Male movements were reduced
on cold or rainy days, which imposed a risk of reproductive failure for females, which might remain unmat-
ed, if they came to estrus under unfavourable weather conditions. In summer, during the last weeks before
hibernation, individuals of all sex-age classes occupied relatively small home ranges. Due to the process
of natal dispersal, young males covered greater daily distances than other individuals did; nevertheless,
dispersal occurred over short distances: unlike males during the mating season, dispersing juveniles did
not leave the boundaries of the settlement. The results demonstrate the restructuring of spatial use from the
mating period through to hibernation in the yellow ground squirrel, and contribute to our understanding of
population processes in ground squirrels.
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Introduction

Spatial-use strategies of animals are funda-
mental ecological traits, shaped by abiotic environ-
mental factors, life-cycle characteristics, foraging
and mating strategies, and predator and competi-
tor avoidance (Williams et al., 2014; Schweiger
& Frey, 2021). These relationships are crucial for
animal adaptation to habitat changes and reproduc-
tive success (Owen-Smith et al., 2010; Edelhoff et
al., 2016; Giir, 2022), rendering investigation of
animal movements essential for understanding of
population processes and life-history evolution.

With XXI-century technological advances,
telemetry and other instrumental tracking meth-

ods providing accumulation of high-quality
spatial data have become widely accessible in
zoological studies. These facilitate continuous,
accurate monitoring of individual movements
and spatial-use strategies for various taxa. The
advent of data-processing equipment has enabled
quantitative analyses of huge telemetry datas-
ets (Halle & Weinert, 2000; Bradley & Dowler,
2019). However, telemetry methods have ini-
tially been developed for a limited subset of spe-
cies, whereas some mammalian groups remain
poorly studied, partly due to technical challenges
posed by their life histories, e.g. fossorial or sub-
terranean species.
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Hibernating mammals represent a special fo-
cal group in behavioural ecology, as their main
life-history processes including reproduction,
growth, and dispersal, occur during a brief period
of aboveground activity (Choromanski-Norris et
al., 1986; Shilova, 2000, 2004). The transition
between mating season and pre-hibernational
fattening involves morphological, physiological,
and behavioural changes.

The tribe Marmotini Pocock, 1923 (ground
squirrels) includes burrowing diurnal rodents,
which may be considered traditional model taxa
in behavioural ecology. Despite similar mor-
phological, physiological, and ecological traits
across species, they display high diversity in so-
cial systems and reproductive strategies (Shilova,
2000, 2004). Many species undergo prolonged
obligate hibernation as part of their annual cycle
(Ortmann & Heldmaier, 2000; Armitage, 2017).
To date, telemetry has been applied to only a few
Marmotini species, largely due to the combined
challenges of burrowing lifestyle and extended
hibernation (Linn & Key, 1996; Kachamakova &
Koshev, 2021; Poessel et al., 2023).

Spermophilus  fulvus Lichtenstein, 1823
(hereinafter — yellow ground squirrel) is the larg-
est Palearctic Marmotini species (Ognev, 1947;
Rossolimo et al., 2004), with body mass reach-
ing up to 2 kg (Vasilieva et al., 2009). It inhabits
deserts, semi-deserts, and dry steppes of Central
Asia, Iran, China, and Russia (Sludskii, 1969;
Titov et al., 2017). In Southern Russia, it inhabits
dry steppes on sandy soils (Shilova et al., 2015).
Yellow ground squirrel lives solitarily. Its indi-
viduals usually use multiple separate burrows.
Its summer—winter hibernation span may exceed
nine months (Sludskii, 1969). After emergence
from hibernation in March—early April, females
become estrous and mate within the first few days
(Vasilieva et al., 2024b). Juveniles usually leave
natal burrows by late May, and two weeks later
they begin to disperse (Vasilieva et al., 2024a).
Adults immerge into hibernation in June—July
and juveniles in July—early August (Vasilieva et
al., 2024a). Despite its large body size, the yel-
low ground squirrel exhibits a «fast» life-history
strategy with high juvenile mortality, fast growth,
and maturation (they start to reproduce as year-
lings), leading to a short lifespan compared with
similar species. The yellow ground squirrel is fo-
livorous and feeds primarily on fresh green veg-
etation. Under such conditions, we might expect
rapid behavioural reorganisation throughout the

period of aboveground activity. In southern Rus-
sia, the yellow ground squirrel lives at low popu-
lation densities (Vasilieva et al., 2024a). There is
a concern that it is undergoing declines in some
parts of its range (see Lissovsky et al., 2019). At
present, the yellow ground squirrel forms mixed
hybridised populations with Spermophillus ma-
jor Pallas, 1779, which may threaten the pres-
ervation of «pure» colonies of the species at the
northern border of its range (Shilova et al., 2015;
Titov et al., 2023). The yellow ground squirrel is
listed in several regional Red Data Books of Rus-
sia, including the Red Data Book of the Saratov
Region (Lissovsky et al., 2019).

Existing data on the spatial ecology of the
yellow ground squirrel are fragmentary and
largely derived from early XX-century visual
observations (Orlov, 1925), yet valid data about
space use are in high demand for population
management and conservation projects. Telem-
etry has not been previously employed to study
its movement patterns. In this study, based on
telemetry data from free-living animals from
the Dyakovsky Forest National Park, we aimed
to (1) compare spatial use by yellow ground
squirrels during the breeding season versus
the pre-hibernation period; and (2) examine
how sex, age class, and external environmental
factors influence spatial-use patterns. This re-
search constitutes the first pilot investigation of
movement ecology in the yellow ground squir-
rel in the wild using Global Positioning System
(GPS) telemetry.

Material and Methods

Study area and object

Data were collected during spring (March—
April) and summer (June—August) in 2019-2023
near the village of Dyakovka, Krasnokutsky
District, Saratov Region, Russia (50.724444° N,
46.778888° E), within a natural population of
Spermophilus fulvus orlovii Ognev, 1937. The
model colony is located in Dyakovsky Forest
National Park. Since 2001, long-term, individ-
ual-based monitoring has been conducted in this
colony. Therefore the age, origin, and main life
history events are known for most individuals.

Yellow ground squirrels were captured using
wire-mesh traps and loops equipped with radio
transmitters that emitted immediate warning sig-
nals upon activation. At the first capture, all in-
dividuals were marked with subcutaneous veteri-
nary microchips (RFID tags, 1.4 x 8.0 mm, ISO
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11784/11785 standard). Sex, body condition, and
mass were recorded at each trapping, and in-
dividuals were marked with black hair dye for
visual recognition. For detailed descriptions of
capture and marking for the yellow ground squir-
rel, see: Vasilieva et al. (2009, 2014), Vasilieva &
Tchabovsky (2014, 2015).

Telemetry in Spermophilus fulvus

This study represents the first field deploy-
ment of GPS-trackers designed by N.S. Vasiliev
at the Population ecology laboratory of A.N. Se-
vertsov Institute of Ecology and Evolution of the
RAS (Russia) for yellow ground squirrels. The
compact transmitters (30 x 20 x 8 mm), which
weighed 12 g in 2019-2020 and up to 10 g in
2021-2023, were encased in transparent thermo-
setting film and had two antennas oriented toward
the animal’s tail. We glued them onto the shaved
skin above the shoulder blades using Perma Type
Surgical Cement (Perma Type Company, USA).
Transmitter mass represented 0.7-2.2% of the
animal body mass. Due to a rapid pre-hibernation
increase in body mass and neck circumference
(Vasilieva et al., 2009), collars are dangerous for
yellow ground squirrels, posing a risk of suffo-
cation and skin injuries (Williams et al., 2014).
Skin attachment was perfectly safe for the yel-
low ground squirrels. Behavioural observations
revealed no behavioural changes or signs of dis-
comfort. After moulting, transmitters detached
from the animals, and no traces of the tags were
found afterwards.

Transmitters included GPS-modules to re-
cord surface location data, and light sensors that
activated the GPS-module only when the animal
was above ground. In 2019-2020, co-ordinates
were registered hourly, while in 2021-2023, fix-
ation intervals decreased to every 10 min. The
tags registered additionally the location at every
emergence from a burrow to precisely map bur-
rows. Data were transmitted by a wireless mod-
ule (Ebyte, China) using a radio channel (at 434
MHz) to two receivers mounted on trees.

In total, we equipped 37 individuals with
transmitters, namely 19 males (14 adults, seven
juveniles) and 18 females (12 adults, six ju-
veniles). The dataset included approximately
500 transmitter-operational days and over 8000
location registrations. We validated the accu-
racy of co-ordinates using stationary transmit-
ters placed on the ground within a colony and
old burrows with known locations. The loca-

tion error did not exceed = 5 m, which was less
compared to daily distances of yellow ground
squirrels. We excluded from the analysis days
of capturing, predation-related mortality, days
of immergence into hibernation, and days of
transmitter failure or loss.

All procedures were reviewed and approved
by the Ethical Committee of A.N. Severtsov
Institute of Ecology and Evolution of the RAS
(protocols numbers are 2019-2020-31, 2021-
44, 2022-44a, 2023-44b) and conformed to the
Guidelines for the ethical treatment of nonhu-
man animals in behavioural research and teach-
ing (ASAB/ABS, 2024) ADSnorecopa.no. At all
stages of the study, including trapping, observa-
tions, visiting the colony, and telemetry, we mi-
nimised possible negative effects on the animals
as much as possible.

Data analysis

We performed statistical analysis in R ver-
sion 4.4.2 (R Core Team, 2024). Results were
considered significant at p < 0.05. We used two
main characteristics of yellow ground squirrels
spatial-use: (1) individual home range area and
(2) daily distance.

Based on Burt (1943), we defined the home
range as an area used for daily routine activi-
ties, such as foraging, mating, and offspring
care. We estimated the home range size using
two standard methods. First of them is Mini-
mum Convex Polygon (MCP, 100%), which
constructs home range boundaries connecting
the extreme location points (Mohr, 1947). MCP
is suitable for small sample sizes but does not
differentiate internal home range structure. The
second method is the Fixed-Kernel Density
Estimation, where the local density of points
determines the frequency distribution of the
spatial-use functions (Worton, 1989). We con-
structed the 95% kernel for the general home-
range contour, and the 50% kernel for the core
area (Worton, 1995; Blundell et al., 2001).

Due to the low frequency of location registra-
tions in 2019-2020 (one per hour) and an insuffi-
cient number of points, the kernel estimation was
inappropriate for these data. At the same time,
MCP and 95% kernel home-range areas from
2021-2023 were highly correlated (r = 0.96;
p < 0.0001). Thus, we used MCP areas as an esti-
mation of home range size in statistical analyses
across all datasets of 2019-2023. In 2021-2023,
we filtered registration to match the hourly in-
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terval. Home-range polygons were constructed
using QGIS Desktop 3.34.3, and areas were cal-
culated using the «Calculate Geometry» tool in
square metres. We log-transformed MCP areas to
meet assumptions of the normality. For visualisa-
tion and exploration of spatial-use structure us-
ing high-frequency data (10-min. intervals from
2021-2023 data), 95% and 50% kernel home-
range analyses were preliminarily performed in
the Home Range Analysis by Kernel Density Es-
timation tool in QGIS Desktop 3.34.3.

We used estimations of the yellow ground
squirrels’ home range areas as proxies of overall
space use throughout the seasons. We calculated
MCP areas for every individual separately for
spring and summer. We investigated the effects
of several factors on the area using analysis of
variance (ANOVA): (1) sex; (2) age (adult vs. ju-
venile); and (3) season (spring = breeding period,
summer = pre-hibernation). We considered ani-
mals as adults when they hibernated and survived
at least one winter.

Daily distance was calculated as the sum-
marised length of the polyline connecting all
subsequent registrations within a single day (Gar-
land, 1983) and was used as dynamic characteris-
tics of daily movements. We modelled variation
in daily distance by examining the effects of (1)
sex; (2) age; (3) number of days since onset of
mating season; (4) average daily temperature; (5)
daily precipitation (weather data obtained from
http://rp5.ru). We defined the start of mating sea-
son as the date of spring emergence of the first fe-

male within the colony in each year (Vasilieva &
Tchabovsky, 2015). We used the number of days
after the start of the mating season instead of the
calendar data due to strong variation in the tim-
ing of spring emergence within the colony among
the study years (dates: 27.03.2019, 15.03.2020,
05.04.2021, 28.03.2022, 20.03.2023). We fitted
linear mixed-effect models (LMMs) using the
nlme package (Pinheiro & Bates, 2023) with the
daily distance as a response separately for each
season, with individual identity fitted as a ran-
dom factor in both models. Post-hoc pairwise
comparisons were conducted via Tukey’s honest
significant difference test using the «emmeans»
package (Lenth, 2025).

Results

In both spring and summer, the transmitters
worked about two weeks for every individual (Ta-
ble 1). In spring, the observation period covered
the mating season and the early gestation weeks
in females. In summer, the period of the transmit-
ters’ work corresponded to the final weeks before
yellow ground squirrels entered hibernation.

During the mating season, males ranged ex-
tensively, covering areas greatly exceeding the
boundaries of the focal colony (Table 1, Table 2,
Fig. 1, Fig. 2A). In contrast, females remained
close to their hibernacula, and their home-range
areas were tens to hundreds of times smaller than
those of males (Table 1, Table 2, Fig. 1, Fig. 2A).
Male home ranges, including core areas, strongly
overlapped (Fig. 2A).

Table 1. Characteristics of the space use by yellow ground squirrels of various sex and age groups across spring and summer

in Dyakovsky Forest National Park (Russia)

Indicators Adult males Adult females Juvenile males Juvenile females
. . . Lo . 10.8+4.6 16.1+4.9
Transmitter registration duration in spring, days (n=10) (n=9) - -
. . . Lo 10.5+£3.7 9.0+5.7 155+11.2 152+69
Transmitter registration duration in summer, days (n=6) (n=>5) (n=7) (n=6)
. . 241213 £ 198 075 18101 £15214
0, 2)) %k — —
Home range area in spring (Kernel 95% method, m?) (n="6) (n=6)
Home range area in spring (Kernel 50% method, m?)** 23469 f 18450 1836 f 1797 - -
(n=06) (n=16)
. 10 970 + 632 15288 + 8742 24446 + 10 715 13 532 + 6904
0, 2) %k
Home range area in summer (Kernel 95% method, m?) (n=2) (n=13) (n=6) (n=>5)
. 1093 + 238 2570 £ 857 3106 + 1475 1791 £ 1361
0, 2)) %3k
Home range area in summer (Kernel 50% method, m?) (n=2) (n=3) (n=6) (n=>5)
L . . 1850 + 1381 324 +275
* — —
Mean daily distance in spring, m (n=10) (n=9)
Mean daily distance in summer, m* 401260 373+ 181 477216 419+ 188
Y ’ (n=6) (n=4) (=7 (n=6)

Note: * —based on registrations at 1-hour intervals; ** — based on registrations at 10-min.

with the number of individuals indicated in parentheses (n)

4

intervals. All values are presented as mean + standard deviation,
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Table 2. Effects of sex, age, and environmental conditions on home range structure and daily distance of yellow ground squir-
rels across spring and summer in Dyakovsky Forest National Park (Russia)

Dependent variables Factors
Sex F,, = 17.58; p <0.001
Home range area in both seasons, MCP method (N, , .. = 30), ANOVA Season F ,=11.05;p=0.002
Sex x Season Fl,26 =19.49; p < 0.001
Sex F ,,=0.003; p=0.95
Home range area in summer, MCP method (N, . =25), ANOVA Age F ,=203p=0.17
Sex x Age FL20 =0.13;p=0.72
Number of days since onset of mating season | B =-0.01 + 0.01; p = 0.045
Sex B =1.13+0.23; p < 0.001
Daily distance in spring (N, .. =20; N =213),LMMs
Average daily temperature B =0.03+0.01; p=0.009
Daily precipitation B =-0.12 £ 0.02; p < 0.001
Number of days since onset of mating season | B =-0.04+0.01; p <0.001
Age B=0.35+0.68; p=0.61
Sex B=-1.15%0.65p =0.09
Daily distance in summer (N , .. ‘=25 N =281),LMMs
Sex x Age B=1.7+0.78p=0.03
Average daily temperature B =0.03+0.01; p=0.038
Daily precipitation B =-0.04+0.01; p=0.003

Note: Significant effects (p < 0.05) are highlighted in bold. Designations: MCP — Minimum Convex Polygon; LMMs - linear mixed-effect models; N.

- number of observations.

observation

number of individuals; N

(=}
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Fig. 1. Comparison of home range areas of the yellow ground
squirrel constructed using the Minimum Convex Polygon
method in Dyakovsky Forest National Park (Russia). The y-
axis represents the decimal logarithm of the 1-m? area. The
line within each box indicates the median (50% percentile).
The top and bottom borders of the box represent the inter-
quartile range (25% and 75% percentiles). The whiskers de-
note the range of the data. Blue colour — males, red colour
— females; dotted boxes — spring data; hatched boxes — adults
in summer; boxed with vertical lines — juveniles.

Daily distances of males were surprisingly high
during the mating season period. Males often cov-
ered several kilometres per day, with the maximum
record exceeding 12 km. Males frequently trav-
elled beyond the focal colony and visited females
in neighbouring colonies. Sometimes they went
through unfavourable habitats, such as shrubs and

individuals

groves of trees. Male routes showed that they vis-
ited the same locations (on all such sites, we found
burrows of the yellow ground squirrel) and used
the same rural roads during their movements (Fig.
2B). Daily distances for males in spring were sig-
nificantly greater than daily distances for females,
which distances typically remained less than 1 km
(Table 1). The distances declined significantly as the
breeding season progressed (Table 2). Weather had
a strong effect on the yellow ground squirrel mobil-
ity. A lower mean daily temperature and increased
precipitation corresponded to a reduced mobility in
both males and females (Table 2). On rainy days,
males restricted their movements to areas near win-
ter burrows (Fig. 3). All long excursions exceed-
ing 3 km were performed by males in days strictly
without rain, and on all rainy days with precipitation
higher than 7 mm, the male daily distances were
shorter than 1 km.

ANOVA comparing adult individuals across
spring and summer revealed significant effects of
season, sex, and their interaction on the home range
area (Table 2). Male home ranges during the mat-
ing season were significantly larger than those of fe-
males in spring and of all adults in summer (Tukey’s
test, p < 0.001). We did not detect any significant
differences between female home ranges in spring,
female home ranges in summer, and male home
ranges in summer (Tukey’s test, p > 0.05) (Table 1,
Fig. 1). Spring home-range areas of males estimated
using the 95% kernel method were about one-third
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of the size of areas obtained via MCP for the same
individuals (Table 1). The 95% kernel areas were
spatially fragmented in all males, comprising multi-
ple discrete patches sometimes separated by several
hundred metres (Fig. 2A). Females in spring and all
individuals during the pre-hibernation period had
compact home ranges without large gaps between
fragments of the areas (Fig. 2A, Fig. 4A).

A,
500 1000 m

o

Fig. 2. Home ranges of the yellow ground squirrel in Dya-
kovsky Forest National Park (Russia), constructed using 95%
and 50% kernel methods, for various sex and age groups in
various seasons. Males are shown with shades of blue with
vertical lines; females are shown with shades of red with hori-
zontal lines; adults are denoted with solid contours, while ju-
veniles with dashed contours. 95% kernel areas are large and
semi-transparent; 50% kernel areas are smaller and darker.
Scale 1:27247. Designations: A) Adult home ranges in spring:
males (N = 5), females (N = 4); B) Adult and juvenile home
ranges in summer: adult males (N = 2), adult females (N = 2),
juvenile males (N = 3), juvenile females (N = 5); arrows indi-
cate home range overlapping among related individuals.

8000 r

7000 3
6000
£ 5000
]
§ 4000
%
. 3000
E
2 2000
1000
0
-1000 . . . . .
-5 0 5 10 15 20 25 30 35

Daily precipitation, mm

Fig. 3. Relationships between daily distance and daily precipi-
tation for yellow ground squirrels during the mating season
(r=-0.11; p = 0.01) in Dyakovsky Forest National Park (Rus-
sia). The x-axis represents daily precipitation in millimetres; the
y-axis represents daily distances for every individual in metres.

Fig. 4. Individual tracks of yellow ground squirrels for various
sex and age groups during spring (A) and summer (B) obser-
vation periods in Dyakovsky Forest National Park (Russia).
Males are denoted with shades of blue with triangular points;
females are denoted with shades of red with circular points;
solid lines — adults; dashed lines — juveniles. Scale: 1 : 27247.
Arrows indicate route overlapping among related individuals.
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During the pre-hibernation period, the home-
range size did not vary significantly with age or
sex (Table 2). In summer, daily distances de-
clined steadily as hibernation approached. Daily
distances were slightly longer in males than in
females, yet insignificantly (Table 2). Juvenile
males travelled significantly farther than adult
males (Tukey’s test, p < 0.001). However, all
summer movements (including those of juvenile
males) remained within the focal colony (Fig.
4B). As in spring time, weather influenced mo-
bility: a lower temperature and increased precipi-
tation led to reduced travel distances (Table 2).

Discussion

The observed space use patterns of the yel-
low ground squirrel are partially consistent with
other related studies. The high mobility of males
during the breeding season and the relatively
low mobility of females have been previously
described in Vasilieva (2011) and Vasilieva &
Tchabovsky (2018). However, the application of
instrumental methods has yielded new insights.
Home range sizes obtained through visual ob-
servations were underestimated, since the av-
erage home range of males in spring, based on
telemetry data, exceeded 900 000 m?, whereas
visual observations indicated approximately
30 00040 000 m? (Vasilieva et al., 2014). The
camouflage colouration of the fur, using small
hollows, deep tire tracks, and dense vegetation,
made a running yellow ground squirrel almost in-
visible to the observer. So, long-distance move-
ments (over 500 m) were detected only via te-
lemetry. Traditional observational methods failed
to record them, leading to their exclusion from
analyses. This study has identified for the first
time excursions of male yellow ground squirrels
beyond the colony and visiting females in other
colonies. These findings greatly contribute to the
understanding of population genetic processes in
the yellow ground squirrel and may have practi-
cal implications for population management.

Space use during the breeding season

During the breeding season, male yellow
ground squirrels moved extensively, where the
average home range of males was approximately
twice the size of the model colony. Our data
showed that the kernel density estimation method
was unsuitable for the description of male home
ranges in spring. The method assumes a two-di-
mensional normal distribution of animal locations

(Worton, 1989), which does not correspond with
the actual distribution of male registrations during
the breeding season. This discrepancy is evident
from the segmentation of male home ranges into
separate polygons more than 1 km apart. Male
home ranges overlapped as they visited the same
female aggregations and travelled using the same
rural roads during their movements (Fig. 2B).
Notably, core areas of male home ranges could
strongly overlap (Fig. 2A), such as some males
lacked exclusive territories, except for their hi-
bernacula. They traversed large distances daily
in search of mates, including visiting females far
beyond the model settlement boundaries. This
space-use behaviour was described in other Ro-
dentia species as competitive mate searching tac-
tics during the breeding season (Alcock, 1980).
In such species, males focus their efforts not on
defending particular mates and/or territories, but
on locating new receptive females, who typically
mate with multiple males. Indeed, multiple pater-
nity was described as common in Spermophilus
Sfulvus litters (Batova et al., 2021). This strategy
has also been described in other Marmotinae spe-
cies, for example, in Spermophilus tridecemlin-
eatus Mitchill, 1821 (Schwagmeyer & Woontner,
1986). Yet, such male strategies were typical for
small-sized Marmotini species, whereas in spe-
cies similar in body size to the yellow ground
squirrel, males mostly defend a set of females or
harems within their territory and form more or
less strong male-female bonds (Armitage, 1981).
We suggest that the mating system of the yellow
ground squirrel was determined by the unique
complex of life-history traits that could be named
as «fast and solitary lifestyle» (Vasilieva et al.,
2024b) in this desert-dwelling folivorous rodent.

Female yellow ground squirrels remained
near their hibernacula during the breeding season
and performed only short movements compared
to males, similar to females in other hibernating
Marmotini species (Michener & Locklear, 1990;
Buck & Barnes, 1999). The prolonged hiberna-
tion period of the yellow ground squirrel con-
strains the time available for gestation and rear-
ing offspring. Thus, estrus is brief, and pregnancy
occurs shortly after emergence from hibernation
(Vasilieva et al., 2024b). Consequently, females
intensively forage near their hibernacula to ac-
cumulate resources for reproductive needs and to
prepare for the subsequent hibernation, despite
the risks associated with reduced mobility, which
decreases their chances of encountering a mate
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(Vasilieva & Tchabovsky, 2014, 2015). Similarly,
females in other hibernating Marmotini species,
such as Urocitellus richardsonii (Sabine, 1822)
(Michener, 1998) and Xerospermophilus mo-
havensis (Merriam, 1889) (Harris & Leitner,
2004), begin to gain weight during the breeding
season to accelerate offspring growth and pre-
pare for hibernation.

Weather conditions significantly influ-
enced the mobility of both males and females
in spring, where a low temperature and in-
creased precipitation reduced their activity.
Decreased mobility during cold and rainy days
has been documented in various Marmotini
species (Everts et al., 2004; Chmura et al.,
2020) and Rodentia group in general (Feliciano
et al., 2002; Meynard et al., 2012; Maestri &
Marinho, 2014). In this study, we discovered
that on rainy days long-distance movements
of male yellow ground squirrels were entirely
suppressed. All excursions beyond the colony
were performed during days without rain (with
zero precipitation), and on all days with heavy
rain or snow, males ceased their mate search.
This fact suggests that it is highly disadvanta-
geous for females, when their emergence from
hibernation and the following estrus coincide
with adverse weather conditions. Reduced male
mobility on such days may diminish the female
chances of encountering a mate and successful
reproduction in the current year (Vasilieva &
Tchabovsky, 2015).

Two to three weeks after the onset of the
mating season, male activity began to gradually
decrease, indicating the end of the breeding pe-
riod. The timing of the mating season in yellow
ground squirrels is determined by the timing of
emergence from hibernation and the reproduc-
tive biology of females. Females within a colony
typically emerge from hibernation during 15-20
days in March—April (Vasilieva & Tchabovsky,
2015), enter estrus shortly thereafter, and become
pregnant. Five to seven days after spring emer-
gence, females are no longer attractive to males
(Vasilieva et al., 2024b). These observations
align with the timing of activity of males in the
present study, as in three weeks since the vernal
emergence of the first female, they ceased long-
distance movements, re-organised their activity
budgets, and began to accumulate weight for the
next hibernation. A valid decline in daily move-
ment by males towards the end of the breeding
season was previously documented only in a few

Marmotini species, for example, in Urocitellus
richardsonii (Michener & McLean, 1996).

Space use during pre-hibernation period

During the summer pre-hibernation period,
home ranges of adult males and females were
equally small and exhibited minimal overlap,
which was consistent with the solitary lifestyle of
the yellow ground squirrel (Traut & Orlov, 1929;
Ognev, 1947; Vasilieva et al., 2024a). By the
start of the present study, juveniles had already
become independent from their mothers, starting
to disperse, and establish separate home ranges.
In yellow ground squirrels, young females seem
to exhibit philopatry, remaining close to their na-
tal burrows, while males are more likely to dis-
perse. It was reflected in the higher mobility of
young males in the present study as compared
with other individuals. Adult movements were
primarily associated with foraging and prepar-
ing hibernacula, as successful foraging is critical
for survival during hibernation (Armitage, 1981;
Harris & Leitner, 2004).

Daily mobility decreased as hibernation ap-
proached. This trend was not evidently related to
photoperiod shortening or weather conditions, as
it occurred on different calendar dates for vari-
ous individuals. For instance, adult males en-
tered hibernation in June, adult females in late
June — early July, and juveniles in late July to
early August (Sludskii, 1969; Okulova et al.,
2017; Vasilieva & Tchabovsky, 2018). Probably,
the decrease in mobility prior to hibernation in
yellow ground squirrels was not driven mostly
by environmental conditions but triggered by
internal physiological factors such as hormonal
and blood biochemical parameters. For instance,
pre-hibernation changes in steroid levels, which
could affect the Marmotini species behaviour,
have been documented in Urocitellus columbia-
nus Ord, 1815 and Urocitellus parryii Rich, 1825
(Boonstra et al., 2011; Wilsterman et al., 2015).

The small sample size used in this study
limited our ability to quantitatively analyse the
overlap of home ranges and identify factors in-
fluencing this overlapping. However, qualita-
tive observations indicated that home ranges of
closely related individuals, such as a mother and
its two female juveniles, or two juvenile males
and a female from the same litter, overlapped
more than those of unrelated individuals (Fig.
4A). This pattern suggests that the relatedness
shapes spatial organisation in this species, simi-
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larly to other Marmotini species with matrilineal
groups, represented by spatial aggregations of
relative females (Holekamp & Sherman, 1989;
Ims, 1989; Le Galliard et al., 2006).

The timing of our study partially coincided
with the dispersal period of juvenile individuals,
during which some juveniles may have been es-
tablishing new home ranges. Notably, no juve-
nile left the colony. All of them remained within
the colony boundaries, selecting and digging hi-
bernation burrows more or less near their natal
area. This observation suggests that male spring
excursions may play a more considerable role in
gene flow between distant parts of the colony and
between various colonies than it was previously
recognised, since natal dispersal appeared to be
too short-distance. Since our present sample size
is small, future investigations are required. Our
findings offer new insights into the potential role
of male spring movements and juvenile disper-
sal in the population structure and gene flow of
yellow ground squirrels. These results should be
taken into account when planning conservation
efforts and population management strategies,
including reintroduction projects.

Conclusions

Our study demonstrates that the space-use strate-
gies of yellow ground squirrels are shaped by their
life-history characteristics, mostly by an extremely
prolonged hibernation period, which imposes con-
straints on the timing of essential life processes. To
our knowledge, this is the first telemetry study on the
spatial use of Marmotinae species in Russia and one
of the few in Eurasia. Our research is a pilot study,
since our small sample size partially limits detailed
analysis and conclusions. Yet it provides a roadmap
for future research that should quantitatively eluci-
date factors governing spatial organisation and move-
ment ecology in the yellow ground squirrel.
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CE30OHHBIE UBMEHEHUA NCITOJIB3OBAHUSA ITPOCTPAHCTBA Y
SPERMOPHILUS FULVUS (SCIURIDAE) HA OCHOBE JAHHBIX TEJIEMETPUHU
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Caenenust 00 MCIONB30BAHNN MPOCTPAHCTBA JKUBOTHBIMH HMEIOT KIIIOUEBOE 3HAUYEHUE KaK JUIsl PyHAaMEH-
TaJIBHBIX TPEACTABICHUI O )KMU3HEHHOM IIMKJIE BUJA, TAK U NIPH PEIICHNN NPUKJIATHBIX 3a/1a4 MEHEIKMEH-
Ta TOMYJISIIUHA U COXPAaHEHUs peAKNX BUAOB. [lomydueHne TOUYHBIX CBEACHUN O NMEPEMENEHUSIX HEKOTOPBIX
BHJIOB JIO CHX IOpP NPEACTABISCT CIOKHYIO TEXHHUECKYIO 3a7jady, B TOM YHCIIE, JUIsl CKPBITHBIX, HOPHBIX,
MTOJI36MHBIX BUAO0B. MBI BHEPBBIC IPOBENIN HCCIEAOBAHNE MCIIOJIB30BaHUS IPOCTpAaHCTBA y Spermophilus
fulvus (manee — )KeNTHIA CYyCIUK) — KPYITHOTO TPBI3yHA C SKCTPEMAaJIbHO IITUTEIBHON 3UMHEH cristukoit. COop
JAHHBIX IpoBoAMIU B MapTe — aBrycte 2019-2023 rr. B npupoJHON NONYJSLMM, KOTOpask pacroyaraercs
Ha TePPUTOPHUH HAIMOHAJIHHOTO mapka «JlpskoBckuii nec» (CaparoBckas obmacts, Poccus). [lepememmenns
KEJITBIX CYCIIMKOB PErHCTPUPOBAIH C TOMOIIBIO YCTPOICTB CITyTHUKOBOTO CIIEKEHUs. BriepBbie 11 3uMo-
CISIIIMX T'PBI3YHOB OBLI OIPOOOBAaH METOJ KPEIICHHUs YCTPOWCTBA CIIEKEHUS Ha KOXKY C TOMOIIBIO MEIU-
nuHCKOro Kiest. OH mokasan ce0st Kak MOJHOCTBI0 0€301aCHbIH, B TOM YHCIIe, IS )KUBOTHBIX C CHIIBHBIMU
KOJICOAHNUSIMU MAacCChl T€Ja B TEUEHHE TOJJ0OBOTIO [IUKJIAa. BECHOW B mepnos roHa caMIlbl IIMPOKO IepeMeria-
JIUCH B MTOMCKAaX PELENTUBHBIX CAMOK, CAMKH JI€PKAIHCh OKOJIO 3UMOBOYHBIX HOP. CaMIIbl €XKEeHEBHO IPO-
XOJIMJIM TIO HECKOJIBLKO KMIIOMETPOB M COBEPIIAIN BBIXO/IBI AAJIEKO 32 IIPEIEIIbl OCEJICHNUS, ITOCEIIast peler-
THBHBIX CaMOK. DTH HAOIIOIEHHUS COIACYIOTCS C MPEIIOI0KEHHEM O TOM, YTO CaMIIbl KEJITOTO CYCIHKa
HCIOJB3YIOT CTPATErHi0 KOHKYPEHTHOTO ONCKA MTapTHEpa. BhIsBICHHBIE 3aKOHOMEPHOCTH MOATBEPKAAIOT
COOTBETCTBHE CHUCTEMBI CIIAPUBAHMSI KEITOTO CYCIHKA MOJUTHHUHU C TPAMOIl KoHKypeHnuei. [lepemenne-
HUS CAaMIIOB COKPAIIAIUCH B XOJIOIHBIE U JOXKIJIUBBIE JHU, YTO MOTJIO JUIS CAMOK CO3/aBaTh yIrpo3y OCTaTh-
Cs1 XOJIOCTBIMH, €CJIM OHU BCTYIAJH B 3CTPYC B JHH C IUIOXOH MOrofoi. B TeueHne nocineqHuX HEOeNb Ie-
pex CIISTYKON XKENThIE CyCIUKN BCEX TTOJI0BO3PACTHBIX I'PYTII JIepKaINCh HA HEOOIBIINX HHINBUIYaTbHBIX
ydacTkax. B cBsi3u ¢ mporieccaMu pacceneHus] MOJIOJbIe CaMIlbl IPOXOJMIIN B JICHb OOJbIlIee pacCTOsHHE,
yeM Apyrue ocodu, HO pacceseHUe MPOUCXOMIIO Ha HeOOIbIINE PACCTOSIHUS: B OTJINYHNE OT CAMIIOB B IIEPH-
0J1 TOHA, PACCEJIAIONNECs JIeTeHBIIIN He MOKUAAIN TPaHUL oceneHus. [loaydeHHble pe3yIpTaThl 1eMOH-
CTPHUPYIOT MEPECTPONKH UCIOIB30BAHMS MPOCTPAHCTBA OT MEPHOAA TOHA JI0 CIIAYKH Y XKEITOr0 CyCINKa U
BHOCST BKJIaJ B IOHUMaHHE MOMYJIAINOHHBIX ITPOLECCOB Y HA3EMHBIX OCINUbHX.

KuaroueBbie cnoBa: GPS-tpekep, KenThli CyCclIMK, 3UMOCIISIINE TPBI3YHBI, PEIPOLYKTHBHBIC CTPATETHH,
CTpaTerus KOHKYPEHTHOTO IIOMCKA MapTHEPOB, CYTOYHBIN X0J], y4aCTOK OONTaHUS
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