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Abstract. In Mongolia, two subspecies of brown bears are distributed: the common brown bear
are in the northern forested area of the country, and the Gobi bear (Mazaalai) inhabit the
southwestern desert area. The Gobi bear, a desert-dwelling species, is critically endangered due
to its extremely small population. Studying the behavioral characteristics of a species with limited
numbers, harsh living conditions, and scarce resources, like the Gobi bear, is crucial for
developing effective conservation strategies. To study the behavior of the Gobi bear, camera traps
were installed in Great Gobi Strictly Protected Area Section A from 2019 to 2021. Based on the
data collected from these cameras, behavioral patterns of the Gobi bear were identified.
According to our research findings, Gobi bears were most frequently observed at supplemental
feeding sites. Seasonal differences in behavioral patterns across different study site were detected
using the Likelihood criteria. The occurrence of Gobi bears was highest during the summer, with
feeding, observing, and walking being the most commonly observed behaviors. During the study
years, low precipitation resulted in the highest occurrence of Gobi bears at supplemental feeding
sites. Since the Gobi bear population is highly vulnerable to food shortages and competition due
to annual climatic conditions and vegetation productivity, improving the quality of supplemental
feeding and increasing the number of feeding sites are critical conservation measures for the
protection of this species.
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1 Introduction

In Mongolia, two subspecies of brown bears occur: Ursus arctos baikalensis and Ursus
arctos gobiensis (Clark et al., 2006). Ursus arctos baikalensis is found in the northern
regions of Mongolia, primarily in forested areas, while Ursus arctos gobiensis, also
known as the Gobi bear, inhabits the hyper-arid desert regions of southwestern
Mongolia. To protect the habitat of the Gobi bear, Section A of the Great Gobi Strictly
Protected Area (GGSPA) was established in 1975.

GGSPA experiences minimal human activity; however, the Gobi bear population
remains critically small (Tumendemberel et al., 2021) and is at risk of extinction. The
harsh climate, scarce food resources, and limited water availability in the Gobi Desert
contribute to mortality and intraspecific competition (Qin et al., 2020). As a
conservation effort, GGSPA management began to provide supplemental feeding for
the Gobi bear in 1985. Currently, there are 29 supplemental feeding sites established
near water sources and oases within the bear's distribution range (Mijiddorj, 2013).

Camera trap survey is one of the most suitable and widely used methods in
conservation biology (Berger-Tal et al., 2011). Camera traps enable researchers to
monitor animal behavior, reproduction, movement, and foraging (Caravaggi et al.,
2017) year-round, simplifying fieldwork and saving researchers' time. Additionally,
camera traps provide critical data for identifying habitat use, activity patterns and
behavior (Caravaggi et al., 2017). Behavior-based studies relying on recorded data are
particularly valuable for targeted research on specific animal species (Xue and
Henderson, 2006). Behavioral studies also guide research on population declines by
examining behaviors related to foraging, reproduction, and movement (Buchholz,
2007; Tinbergen, 1963).

For this study, we selected supplemental feeding sites, water sources, and animal
trails to examine Gobi bear behavior across much of their range. Our research aims to
determine the behavioral patterns of Gobi bears, such as, 1) behavioral patterns at
supplemental feeding sites compared to natural water sources and animal trails, 2) Gobi
bear behaviors (e.g., foraging, movement, and resting) vary seasonally, 3) behavioral
pattern during interaction with another individual. Studying the behavior of the Gobi
bear, an endangered species inhabiting the Gobi Desert, is a crucial aspect of
conservation biology. Over the past two years, the discovery of Gobi bear carcasses has
provided evidence of population decline, but the exact causes of mortality remain
unidentified. Using camera traps to study the behavior of Gobi bears and understand
their life history can significantly improve conservation strategies.

2 Study material and method

2.1  Study area

Section A of the Great Gobi Strictly Protected Area is located in the southwestern part
of Mongolia, encompassing the territories of Govi-Altai, Bayankhongor, and
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Umnugovi provinces, with a total area of 46,369 square km. Of this, the Gobi bear’s
habitat covers approximately 23,600 square km (Luvsamjamba et al., 2016). The area
consists of high mountain steppes and low hills, situated at an altitude of 1,300 m above
sea level (Zhirnov and Ilyinsky, 1986). The Gobi bear hibernates from early November
to the end of March, using rock crevices, caves, or bedding prepared under saxaul and
tamarisk shrubs as dens. Approximately 80% of its diet consists of plant-based food,
with key components including low shrubs, Rheum nanum, Nitraria sp, Zygophyllum
sp, Stipa sp, and Anabasis sp (Mijiddorj, 2013).

2.2. Study design

In the study area, a total of 118 camera traps (Loreda L710-940) were installed during
2019-2021 (Figure 1). Considering the movement patterns of the Gobi bear, the
cameras were categorized and distributed as follows: 51 cameras along animal trails,
29 cameras at supplemental feeding sites, and 38 cameras at water sources. The distance
between camera traps was set at a minimum of one kilometer. The camera trap survey
was conducted in the core habitat of the Gobi bear, specifically in the oases of Atas
Inges, Shar Khuls, and Tsagaan Bogd mountains. These oases serve as primary habitats
for Gobi bears covering a total area of 12,000 km?, including all water sources and
vegetation cover. Memory cards and batteries were regularly replaced to ensure
continuous operation. The camera traps were programmed to capture both photos and
videos, with sensor sensitivity set to medium. Each trigger event recorded three photos
and one 15-sec video at 1-min intervals. The image resolution was set to the highest
quality at 12 MP, and video resolution was set at 1080 MP.



52 D. Davaasuren et al.

. _Sharga b

hiag Kﬁairkhan

Legends

@® Camera trap points

D Country boundary
[ | Core zone

|: Buffer zone
z Restriction zone
D Protection zone

Khasagt Kbairkhan Mnt

_Eej Khairkhian--—_

Tarvagatal Mnt.
Otgante

Burkhan Buudai

| Gobi Gurvan Saikhan Mnt.
|

ﬁreat (‘.‘bl A

09¢ 0}

0 0.0075

0.015 0.03 Kilometers
L 1 1 1 | I 1 1 |

Coordinate System: WGS 1984 UTM Zone 47N
Projection: Transverse Mercator

Datum: WGS 1984

False Easting: 500,000.0000

False Northing: 0.0000

Central Meridian: 99.0000

Scale Factor: 0.9996

Latitude Of Origin: 0.0000

Units: Meter

Figure 1. Study area, the Great Gobi Strictly Protected Area A sector, and camera trap

locations

2.3. Behavior classification
A total of 19 behaviors, belonging to seven categories, were identified from the camera-
trap footage. The ethogram is shown in Table 1.

Table 1. Ethogram of Gobi bear in Great Gobi Strictly Protected Area A sector

Category Behavior Definition

Grooming Licking body Licking the body continually and repeatedly
Rubbing body Rubbing the body against an object
Scratching body Scratching the body with limbs
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Resting

Observing

Interaction

Breeding

Feeding

Movement

Other

Stretching
Laying

Sleeping

Observing around

Aggressive

Observing other

Playing

Running from other

Chasing female

Female running from

male

Courtship/Copulation
Eating

Drinking

Walking

Running

Other behavior

Lying on the back and elongating the body
with limbs stretching outward

Lying on the ground awake
Falling asleep

Observing surroundings when sitting, laying,
standing or while walking

Trying to scare away other individuals (often
of the same sex) by chasing or roaring at
another, or fighting

Watching the other bear for a long time

Wrestling with other bears without malicious
attempts

Running away to avoid another aggressive
bear

A male running towards a female cautiously,
without snarling, attempt at copulation

A female walking away from an approaching
male

Intimate behavior between male and female,
and male hug the rear of female and copulate

Eat food in reclined, sit, stand posture
Drinking water

Walk in a single direction without a stop in
the footage, walking around

Move fast with all four paws left ground for
some movements

Other behavior not list above, such as,
unknown movement captured in automatic
cameras, inside traps or licking
surroundings,
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2.4. Data analysis

All behaviors of every bear on camera footage were classified based on the ethogram
of Table 1. When possible, bears were individually identified based on morphological
characteristics (i.e., body size, muscle bulges on the forehead, wrist width, fur color and
marks) and sex was recorded. When morphological identification was not possible
(e.g., night photos) bear detections were considered independent when the time between
photos was > 30 minutes (O'Brien et al., 2003). The frequency of each behavior was
estimated and compared between different camera location types. Based on individual
recognition we estimated time spent in one place and time between other individuals.
The time intervals between sightings of the same individual and the duration spent at
each site were calculated using the timestamp data on the camera-trap photos.

The data were then divided into three seasons, based on the local climate and
vegetation characteristics: Spring (from March to May), Summer (from June to
August), Autumn (from September to November). We didn’t include Winter in the
analysis since most bears would hibernate in winter. Based on the seasonal category,
we compare behavior differences by season in study area types such as trail, water
point, and supplemental feeder sites. To assess seasonal occurrence differences in study
area type we use Maximum Likelihood test by JMP software. Furthermore, behavior
difference in study area types by season figure and tables were built by JMP software.

3 Results

In Section A of the Great Gobi Strictly Protected Area, a total of 118 camera traps
operated for a combined total of 59,271 camera-days over a period of 502 days. During
this time, 22,706 video recordings were captured, of which 1,048 had captured bears
and were assigned a bear behavior type.

When comparing the occurrences of Gobi bears across the different categories of
camera placements, the highest occurrence was observed at supplemental feeding sites
(n=3875), accounting for 96.54% of all occurrences. This was followed by water
sources (n=98) with 2.44%, and the lowest occurrence was along animal trails (n=41),
at just 1.02%.

When analyzing the behaviors exhibited by Gobi bears in detail, the following
patterns were observed: the most common recorded behavior was eating (60.97%), then
observing (13.31%) and movement (12.78%). The least recorded behavior was
breeding (1.26%), then grooming (2.57%) and resting (2.51%) (Fig 2).
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Figure 2. Interaction behavior of Gobi bear

When analyzing interaction behavior, we established a pivot table to examine the
behavior of different or same-sex encounters. According to the results, aggressive
behavior (chasing, fighting, or roaring) appeared less frequently (9.65 percent) than
amicable behavior (eating together, relaxing, observing others) (Table 2). The most
common behavior was eating when encountering the opposite-sex (n=34), then
observing (n=12), and mating (n=10). Even in same-sex encounters, individuals eat
together (female=11, male=10). The unknown sex group is the individuals who could
not be determined, due to twilight time, behind the feeder, or key body parts not visible.
Likewise, unknown sex group eating (n=30) and observing each other (n=12) behavior
were the most recorded (Table 2).

Table 2. Interaction behaviors by sex dyad of Gobi bears photographed in the Great Gobi. (Red
color represents - Least, yelow color - Medium, green color - highest)

Sex Aggresive/amicable
Behaviore - percent
female male opposite unknown
chasing 057 Amicable
female
chasing other 1.70 Aggresive
eating 11 10 53.98 Amicable
fighting 1.14 Aggresive

laying 4 227 Amicable



56 D. Davaasuren et al.

mating 10 5.68 Amicable

observing 5 - 12 12 6.82 Amicable
each other

sleeping _ 0.57 Amicable

roaring each Aggresive
other . 2 227
rubbing body 0.57 Amicable
run away Aggresive
from another 2 227
fled from 5 297 Aggresive
another :
sitting 0.57 Amicable
standing 3 227 Amicable
walking 2 3 7 6.82 Amicable

When examining the behavioral patterns of Gobi bears for seasonal differences, it was
found that behavioral variations differed across the study sites depending on the season,
as identified through the Maximum Likelihood test (Table 3).

Table 3. The assessment of seasonal and site-specific differences in the behavioral patterns of
Gobi bears was conducted using the Maximum Likelihood criterion.

Variables N DF Chisquare p
Study 28 21 17735 <0.0001*
area”scason
Season 14 14 18.33 0.1922
Study area 14 14 37.34 0.0007
Sex 2 2 5.26 0.62828

Based on the seasonal differences in behavior, Gobi bears spent the most time at
supplementary feeding sites in all seasons, displaying behaviors such as feeding,
observing, and walking most frequently. In autumn, no occurrences were recorded at
water points, while in spring, more visits to water points were observed. Additionally,
the very low occurrence of Gobi bears along the selected animal trails suggests that
Gobi bears rarely use trails shared with other coexisting species for movement (Figure
3).
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Fig. 3. The Gobi bears behavior observed in each category of the study area classifications
Each black dot represents an independent occurence of the behavior.

When analyzing individual occurrences by sex and season across the study sites, female
bears were most frequently recorded in spring (26 occurrences) and summer (290
occurrences). Females (290 occurrences) appeared to have a higher association with
supplementary feeding sites compared to males (263 occurrences). However, male bear
occurence slightly higher than females (spring=34, summer=305, fall=28). Regardless
of sex, no occurrences were recorded along animal trails or at water points during the
fall season. However, an increase in Gobi bear occurrences was observed during the
summer season. No significant difference in by sex (p > 0.05), significant association
between season and sex in occurrence (p < 0.01) (table 4).

Table 4. Sex and seasonal differences in Gobi bear occurrences across study sites, Anova test

result
Test Test Statis- p- Degrees of Free-
tic value dom

One-Way Anova (Sex) 0.0026 0.9617 —
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Chi-Square test (Season x 10.0371 0.0066 2
Sex)
Chi-Square test (Season) 15.1367 0.005 2

The average interval between individual average occurrences was 20.56+66.41
minutes, and the longest lasted 1332 minutes. Regarding the time spent by individuals
at a single location, Gobi bears spent an average of 410.18+158.65 minutes at a site,
and the longest reached 1435 minutes. Furthermore, the male bear spent a longer time
at water points and trails. (Table 5, Figure 4).

Table S. Results of the interval between individual occurrences and the time spent at a single
location by Gobi bears.

Time between individuals Spent time
Mean+StDev | Min-Max | Mean+StDev | Min-Max
Total 20.56+66.41 0-1132 410.18+158.65 0-1435
Female 29.52+78.79 0-1131 383.86+424.53 0-1406
Male 21.54+76.99 0-1332 405.21+466.12 0-1425
Prob>ChiSq <0.3255 <0.7619
Sex vs. Spent time & Time between
Place - Spenttime
Feeder Trail Water point <+ Time between
Male
g Female
Both

rrr-rrrrrrrrrrrrrrrrrrrrrrrrerrTTrrTrTTr T TToTTrTT
0 200400600800 1200 0 200400600800 1200 0 200400600800 1200
Spenttime & Time between

Fig. 4. Results of the interval between individual occurrences and the time spent at a single
location by Gobi bears
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4 Discussion

Gobi bears mostly detected at feeder station (96.54%) than water points (2.44%) and
trails (1.02%). Supplemental feeding stations purpose is to supply additional nutrition
when the food resource is low, thus lead to feeding station become a most used area in
habitat area of Gobi bear. Furthermore, this area is the important point for increasing
the breeding rates of such endangered species. Supplemental feeding supported earlier
maturation, higher cub survival, and pregnant female bears visit to gain nutrition, but
supplemental feeding does not affect litter size (Mansfield, 2007). As aresult we didn’t
record much scent-marking behavior, such as back-rubbing in bipedal stance, because
most cameras were deployed to face a feeding station, a water point or a trail, but not
those well-known “marking trees” or overhang cliffs, and the study purpose was to
explore the bear behavior in the feeding stations and water holes. Furthermore, we
recorded interesting behaviors from camera trap data. For example, the gobi bear sleeps
on the back, and when the supplemental food container is empty the bear shakes the
container, or digging through hole that purposely made for supplemental food to drain
out from container.

Feeding was most detected behavior among other behaviores, such as, observing
around, resting, digging, and interaction. Even face other individuals feeding were most
detected behavior. On the other hand, a most of the breeding-related footages were
recorded by the camera-traps in the supplemental feeding stations, including male
chasing female (7 occasions), female running away from the male’s breed attempt (5
occasions) and courtship/ copulation (85 occasions). All the breeding-related behaviors
were recorded in late Spring and summer (27th May to 5th July), when the feeding
stations were full of food. Therefore, the breeding pattern of the Gobi bear might also
be similar to other brown bear populations in natural conditions. Brown bear mating
season usually in mid-May to early July (Herrero & Hamer, 1977), for polar bears
mating season is in May (Rosing-Asvid et al., 2002), The Gobi bear hibernates from
the beginning of November to March, the female bear gives birth in its den mid-winter
and stays close to its cubs after denning time. By the end of May, when the cubs can
travel far, the mother bear journeys with the cubs. Furthermore, the breeding season
lasts from May to August (Bold 1967, Tulgat 1993), and these behaviors verify high
activity during the summer period.

Meanwhile, there were also significant higher frequent interaction and exploration
behaviors recorded in the feeding stations, and every bear meet other bears, or learn
their information from their scent-marks here. Therefore these man-made food sources
become vital to the social life of the Gobi bears. Social interactions at feeding sites
varied by sex. Same sex encounters behavior is more likely to amicable. They more
likely to observe other individuals presence and share supplemental food, other
indiviuals eat both side of the feeder, other one sleeping under the feeder. This behavior
may be explained by female individuals settle down natal area, closer to its mother and
siblings to increase survival rate (Hansen et al., 2023). When individuals of the opposite
sex encountered each other, behaviors such as females observing males, mating, or
maintaining distance from males while feeding were recorded. When solitary, the bears
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exhibited calm behaviors, including feeding, rubbing against objects, sleeping, and
licking themselves. In addition, when the opposite sex encounters they do not show
aggressive behavior, instead, they eat together from feeders or other individuals show
relaxing behavior, such as sleeping, lying, and walking around. On the other hand, when
same-sex encountered each other, they showed more observing behaviors.

Regarding the seasonal activity of Gobi bears, their absence from areas other than
supplementary feeding sites during spring and fall may be explained by their behavior.
In spring, they emerge from hibernation in March and remain near their dens, while in
summer, they tend to move around water points and shady areas. In autumn, they avoid
long-distance movements to conserve energy for winter (Delgerchimeg et al., 2020;
Bold, 1967; Mijiddorj, 2013). The higher occurrence of Gobi bears in summer observed
through camera trap data corresponds with their increased activity during this season.

The dietary choices of the Gobi bear are not limited to solely nutritious foods but
rather consist of a mixed diet, including insects, fruits, meat, other plant-based foods,
and supplementary feeds provided by humans to obtain the necessary nutrients (Kav¢i¢
et al., 2015; Robbins et al., 2007). Brown bears near supplementary feeding stations
primarily visit these sites during twilight hours (Penteriani et al., 2021). Similarly, the
Gobi bear is also active during twilight (Delgerchimeg et al., 2020). The majority of
the Gobi bear's diet consists of plant-based food (Battsetseg, 2024; Mijiddorj, 2013).
Vegetation in the Great Gobi A Strictly Protected Area (GGSPA-A) was sparse during
2019-2020 due to low precipitation, which may have contributed to the higher
occurrence of Gobi bears at supplementary feeding sites observed in our study.

During the study period, the low precipitation likely resulted in sparse vegetation,
which may explain the relatively high occurrence of Gobi bears at supplementary
feeding sites. While feeding at these sites, Gobi bears displayed behaviors such as
observing their surroundings and leaving the site upon noticing the approach of another
individual. When two males encountered each other, the frequency was lower
compared to encounters between females, likely due to higher competition among
males, prompting them to maintain distance from one another. Conversely, female-to-
female encounters were more frequent, as competition among females is less intense.
However, behaviors such as chasing one another to compete for food were observed.

Our study helps us to understand desert living Gobi bear behavior, and the results
show that feeder sites are excellent points for monitoring endangered species such as
those who live in wide range habitat with small population size.

5 Conclusion

The high occurrence of Gobi bears at supplementary feeding sites indicates their
dependence on supplementary feeding stations. Additionally, due to the vegetation
yield of that particular year, the supplementary feeding sites established for Gobi bears
serve as critical locations to address their nutritional deficiencies.
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Male bears tend to avoid encounters with other males, while female bears exhibit
less hostility toward each other. To decrease intraspecific competition, adding feeder
stations in habitat area of Gobi bear maybe the key action for conservation.

Based on camera trap data the Gobi bear is least occured in animals trails, select their
habitat and movement patterns to avoid coexisting with other animal species in their
environment.
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