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Abstract

The Siberian marmot (Marmota sibirica) is a common rodent species that 
ranges widely throughout northern Asia. However, due to overharvesting 
for fur and meats its population in Mongolia declined steeply and they are 
now categorized as an endangered. They are considered a keystone species 
because they can have a great impact on the landscape heterogeneity and its 
burrows serve as a refuge for a variety of taxa. Despite the important roles 
in the ecosystem and endangered status of the Siberian marmots, there is no 
study quantifi ed behavioral ecology of this species in Mongolia. We studied 
effects of food availability on home range and time budget of the Siberian 
marmot in Hustai National Park, Mongolian, during 16-29 June, 2007. We 
conducted direct observations and vegetation surveys at one livestock grazed 
and one ungrazed site. Vegetation biomass, percent cover, plant height, and 
number of plant species were lower in the grazed site than in the ungrazed 
site. Marmots in the grazed site used larger home ranges, spent more time 
foraging, and spent less time vigilant compared to marmots in the ungrazed 
site. 

A central question in ecology is how 
observed patterns in the spatial distribution of 
individuals within populations are determined 
by the interactions between individuals and their 
environment (Turchin, 1998; Matthiopoulos, 
2003). A useful approach to address this 
question is to understand the dynamics of 
animal movements in relation to state-dependent 
social and ecological factors (Whitehead & 
Rendell, 2004). Most animals use the same areas 

Key words: 
food availability, 
behavior, 
home range, 
Marmota sibirica, 
Mongolia

Article information:
Received: 10 Apr. 2012
Accepted 20 Nov. 2012
Published: 25 Dec. 2012

Correspondence:
buuveibaatar@wcs.org

repeatedly over time (Darwin, 1861); hence 
animal movements are often defi ned using the 
home range concept (Crook, 2004; Jetz et al., 
2004). The use of home ranges and territoriality 
is an essential characteristic of many birds and 
mammals (Ostfeld, 1990; Adams, 2001). The 
main purpose of maintaining a home range or 
territory is the acquisition of resources, basically 
food, but also shelter or mates (Brown & Orians, 
1970). 

Introduction

Cite this paper as: Buuveibaatar, B. & Yoshihara, Yu., 2012. Effects of food availability on time budget 
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31.
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The allocation of time to various activities 
is of special importance to hibernating sciurids 
that have a short active season (Armitage et al., 
1996). Because time is limited, time spent in one 
activity decreases the time available for some 
other activities. Generally time available for 
foraging is considered to be critical; suffi cient 
time must be allocated to foraging to meet the 
energy demands of growth, maintenance, and 
reproduction (Altmann, 1974). Time spent in 
other activities reduces the time available for 
foraging. However, time must be allocated to 
activities such as mating and reproduction, 
predator defense, defense of resources against 
conspecifi cs, and self-maintenance (Armitage et 
al., 1996). The time allocation for each activity 
generally varies with environment quality or 
food availability.

The Siberian marmot (Marmota sibirica) is 
a social and colonial-living rodent that ranges 
across the steppe and mountain ecosystems of 
Russia, China, and Mongolia (Bannikov, 1954; 
Adiya, 2000; Clark et al., 2006). Marmots play 
an important role in the overall structure and 
health of the steppe and mountain ecosystem 
(Yoshihara et al., 2010a, b), and they can have 
a great impact on the landscape by modifying 
vegetation structure and composition (Van 
Staalduinen & Werger, 2007; Yoshihara et al., 
2009; Yoshihara et al., 2010c). In addition, 
marmots are essential prey for predators and 
their burrows can serve as refuges for a variety 
of mammals and birds (Adiya, 2000). 

The total population number of Siberian 
marmots in Mongolia has sharply declined in 
recent years from a high of 40 million in the 
1940s (Eregdendagva, 1972) to 10 million 
during 1990s (Demberel & Batbold, 1997), 
primarily due to overexploitation for fur and 
meats (Wingard and Zahler, 2006). Although 
the Siberian marmot is recognized globally 
as a species of least concern, it was recently 
regionally classifi ed as endangered in Mongolia 
by IUCN Red List criteria (Clark et al., 2006). 
Despite the important roles in the ecosystem and 
endangered status of Siberian marmots, there is 
no scientifi c study available on the behavioral 
ecology of marmots in Mongolia. 

In this study, we examined effects of food 
availability on the daily home range patterns 
and time budget of Siberian marmots in Hustai 
National Park, Mongolia. We predicted that 

the home range of marmots is smaller in areas 
with greater food availability. We also expected 
marmots in areas of low food availability 
spend more time foraging to meet daily energy 
requirements. Our overarching goal was to 
estimate and compare the home range and 
time budget of marmots in areas with different 
food availability using direct observation and 
vegetation survey. 

Materials and Methods

Study area. Hustai National Park (HNP; 
47035’- 47052, N, 105040’-106037, E) is located 
~100 km west of Ulaanbaatar, Mongolia. 
Elevation ranges from 1100 to 1840 m. HNP 
receives an average of 296 mm of precipitation 
annually. About 88% of the Park’s 60,000 
ha is covered by grassland and shrub land 
steppe and ca 5% is covered by birch (Betula 
plathyphylla) dominated forest (Fig. 1). The 
vegetation is dominated by grasses such as Stipa 
spp., Agropyron spp. and Leymus spp.; forbs, 
particularly Artemisia and Allium spp.; and 
sedges such as Carex spp. Gray wolves (Canis 
lupus) and raptors such as steppe eagles (Aquila 
rapax) and golden eagles (Aquila chrysaetos) 
prey on marmots. During late 1990s, over 24,000 
marmots occupy about 25% of the HNP (Hustai 
National Park, 1999). 

Methods. Livestock have been excluded 
from the park since its establishment in 1992; 
therefore no livestock grazing exists within the 
park boundaries. We established one study site 
inside (ungrazed) and one study site outside 
(grazed) of the park boundaries (Fig. 1). Two 
marmots (> 100 m between focal animals) 
were observed separately for each site (in 
total 4 marmots were observed in this study). 
Observations were carried out by binoculars 
and spotting scopes from 16 to 29 June, 2007. 
Due to weather constraints such as rain we 
collected data for 10 full days for each animal. 
The observers remained alone at fi xed positions 
on top of a hill located 50-100 m from the 
focal animals. Easily recognized focal marmots 
(distinctive molt pattern and body size) were 
chosen for the observations. Due to extreme 
afternoon heat causing the marmots to remain 
in their burrows during mid-day (Melcher et al., 
1990), we made 2 four-hour observations during 
two periods of the day: early morning (6:00 to 
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10:00) and late evening (16:00 to 20:00). Focal 
animals were observed for 10-minute sessions 
with 5 minute interval (a total of 32 10-minute 
sessions per day) and recorded the time spent for 
different behavioral categories. For simplicity, 
marmot behaviors were classifi ed as below 
ground; foraging (including brief instances 
of looking up, < 10 seconds); and vigilance 
(any instance of looking up >10 seconds, 
typically while sitting or lying at the burrow 
entrance or on a rock). Two observers alternated 
observations between the two focal animals at 
each study site on daily basis to reduce bias. 

We assessed food availability by measuring 
plant percent cover, above-ground biomass, and 
plant height from 15 randomly located 1-m2 
quadrats (with 2 m spacing between them, e.g. 
along 45 m lines) from a burrow of the focal 
animals. Plant percent cover (including grasses, 
forbs, and shrubs) visually estimated for each 
quadrat. The height of the tallest plant species 
was averaged to calculate overall vegetation 
height. Above-ground biomass of vegetation 
(grasses, forbs, and leaves of shrubs) clipped and 
dried from each 1m2 was weighed to the nearest 
0.1 g. 

In order to determine the home range of 
each study marmot, we made a schematic map 
for each site including presence of burrows 
and habitat characteristics prior to marmot 
observation. ArcView (version 3.2, ESRI) was 
used to create the schematic maps. During 

the observation period, the locations of the 
focal marmot were precisely drawn on the 
schematic map. After each observation period 
we used GPS (Global Positioning System) to 
locate edge points (> 30 locations) of the focal 
marmot’s home range. We plotted location 
points into ArcView GIS 3.2 software and we 
used Minimum Convex Polygon extension to 
calculate marmot home range. 

To estimate daily home range and time 
budget, we pooled observations made during 
early morning and late evening for each animal. 
We further combined time budget and home 
range data for each animal within the study site 
and compared results between the ungrazed 
and grazed sites. The number of plant species, 
average above ground biomass, plant height and 
percent cover between the areas were compared 
using a two-sample t-test. Time budget (average 
number of times in each activity category per 
observation session) and home range size was 
log transformed prior to statistical analysis to 
meet assumptions of a normal distribution. The 
time budget and home range variables between 
grazed and ungrazed areas of the park were also 
compared using a two-sample t-test. Means are 
reported with standard deviations.

Results

We recorded a total of 40 and 28 species 
of plants in non-grazed and grazed areas, 

Figure 1. Study area (Hustai National Park, Mongolia).
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respectively (Table 1). The average number 
of plant species recorded in 1m2 was higher 
in the ungrazed area than in the grazed area (t 
= -6.7, df = 58; p < 0.01). Vegetation biomass 
was signifi cantly higher in the non-grazed area 
compared to the grazed area (t = -5.8, df = 58; p 
< 0.01; Table 1). The ungrazed area also showed 
higher percentage cover (t = -11.07; df = 58; p < 
0.01) and the average height of plants (t = -7.9; 
df = 58; p < 0.01).

The daily home range size averaged 0.65 
± 0.39 ha (range = 0.29–1.69 ha) for marmots 
in the grazed area and 0.44 ± 0.33 ha (range = 
0.27–0.81 ha) in the ungrazed area. The marmots 
in the grazed site had signifi cantly larger home 
ranges than marmots in the ungrazed site (t = 
2.24, df = 38, p = 0.03). No signifi cant difference 
was found in home range size between morning 
and evening periods in both areas (t-test; non-

grazed: p = 0.12; grazed: p = 0.45).  
Among the three behavior categories 

recorded, marmots spent more time in burrows 
for grazed (38.1%) and ungrazed areas (45.4%), 
and there was no signifi cant difference between 
the two areas (t = 1.40; df = 38; p = 0.08, Fig. 
2). The average time spent foraging was higher 
(t = 1.82; df = 38; p = 0.04) in the grazed area 
(160.01 ± 44.13 min) than in the ungrazed area 
(114.21 ± 61.09 min). In contrast, the average 
time spent vigilant was higher (170.95 ± 77.61 
min; t = -8.61; df = 38; p < 0.01) in the ungrazed 
area than the grazed one (88.30 ± 74.28 min; Fig. 
2). 

Discussion

We found the overall mean marmot home-
range of 0.55 ha (range = 0.27–1.69 ha) in HNP. 

Vegetation variables Ungrazed Grazed

Vegetation cover, % 50.87 ± 11.84 29.61 ± 7.36

Plant height, cm 11.33 ± 3.87 5.05 ± 1.52

Above ground biomass, g 51.58 ± 16.75 35.35 ± 9.65
Number of plant species 40 28

Number of forbs 25 16

Number of grasses 10 9

Number of shrubs 5 3

Table 1. Vegetation characteristics of ungrazed and grazed study areas in Hustai National Park, Mongolia (results 
are reported as means with standard deviations).

Figure 2. Time budgets of Siberian marmots studied in grazed and ungrazed areas at Hustai National Park, 
Mongolia (mean ± SD). 
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The home-range area estimates of Siberian 
marmots were similar to yellow bellied marmots, 
M. fl aviventris (0.13–1.98 ha; Armitage, 1975), 
but were much smaller than golden marmots, 
M. caudata aurea (2.9–3.1 ha; Blumstein & 
Arnold, 1998) and woodchuck, M. monax (3.0 
ha; Swihart, 1992). However, a direct comparison 
of home ranges among marmot species has a 
drawback, since there are a number of inter-
species differences in habitat and ecology among 
marmot species. Our results suggesting that 
marmots in areas with higher food availability 
have smaller home range sizes is consistent with 
similar studies of yellow bellied marmots (M. 
fl aviventris; Armitage 1974; Salsbury & Armitage, 
1994), woodchuck (M. monax; Ferron & Quellet, 
1989), and hoary marmots (M. caligata; Homes, 
1984). Further research necessitates replication 
of study site with larger sample size to better 
understand changes in the home range of Siberian 
marmots in relation to different age-sex classes, 
seasons, habitats, and/or years. 

Visibility is essential for detecting 
approaching predators and is related to habitat 
features, which is important for persistence of 
yellow-bellied marmots (Blumstein et al., 2006). 
In accordance with this, the habitat preference 
of Alpine marmots was rocky grassland, and 
they avoided using dense grasslands (Herrero 
et al., 1997). In HNP, where they are protected 
from hunting, many of them fall prey to wolves, 
eagles, and other predators (Adiya, 2000). Dense 
vegetation within the park may, in part, be 
responsible for the marmots to be grazed within 
less home range to mitigate predation. 

If marmots fail to gain critical mass before 
entering hibernation, they may not survive the 
winter (Armitage, 1975). Availability and quality 
of food are therefore, important factors affecting 
marmot body mass upon hibernation (Lenihan 
& Van Vuren, 1996). It is possible that livestock 
prevalent competition may lead to potential risk 
for the Siberian marmot in heavily grazed areas 
as lowering fi tness prior to hibernation. In this 
study, marmots in the low food availability areas 
had a larger home range and spent more time on 
foraging suggests marmots in poor habitat spend 
more effort to meet their nutritional demand to 
survive during the hibernation. Alternatively, 
Armitage et al. (1996) suggested the foraging 
time of marmots does not necessarily measure 
weight gain, but possibly the quality and quantity 

of food. The number of plant species and the 
above ground biomass were greater in ungrazed 
areas, thus spending less time for foraging within 
smaller home ranges in high food availability 
area, may be suffi cient in gaining the required 
amount of food. 

Weather is an important factor affecting time 
budgets (Melcher et al., 1990; Loughry, 1993), 
yellow-bellied marmots having reduced activity 
at midday is primarily a consequence of thermal 
stress (Melcher et al., 1990). The observations 
we made at both grazed and ungrazed sites of 
marmots spending the more time in borrows may 
be related to this constraint, although we did not 
measure climate variables. 
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