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Abstract

Aims: this study aims at range mapping of brown bears using sighting information in the province of Kohgiluyeh and Boyer
Ahmed(K&B) in southern Zagros region, western Iran as one of the most important habitats for brown bears in Iran.
Material and methods: Brown bear sightings were obtained through interviews using the snowball sampling method from
mid-September to the end of September 2018 in K&B, western Iran, one of the most important habitats for brown bears.
Based on this information, brown bear occurrence areas in the provinces were mapped. The created map was divided into two
density categories generated buffers by the home range size of adult brown bears in a similar habitat.

Findings: Overlaying the density maps produced with the land cover use maps and protected area maps, brown bears occupied
approximately 38% of the total area of K&B. Forests and low-density forests occupied approximately 99.8% and 50% of bear
habitat within and outside the protected areas, respectively. Protected areas accounted for only 20% of the bear habitat.
Conclusion: Most of the distribution of the brown bears in K&B is situated in the woodland and low-density forests and the
conservation of Persian oak forests as a habitat and food source for brown bears has an effective and major role on conservation
of brown bears.
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Introduction factors threatening the survival of this species in the region
are retaliatory hunting due to attacks on gardens, beehives,

Iran is one of the southernmost extents of distribution of and other assets of villagers; capturing of cubs for smuggling

brown bears (Ursus arctos) in the world [1]. The occurrence
of the brown bears in Iran is restricted to the mountain forest
areas of Alborz in north, Zagros in west [2-5] and Caucasia
in northwest [6-8]. The brown bear is the largest carnivore
of Iran [1,9,10] and its population is at high risk. The main
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to other countries; and hunting [2,11]. The brown bear in
Iran is declared as a protected species by the Department of
Environment (DoE) Gutleb B, Nezami B [2,9] and protected
areas are the core areas for brown bear conservation
[2]. A protected area (PA) is defined as “a clearly defined
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geographical space, recognized, dedicated and managed,
through legal or other effective means, to achieve the long
term conservation of nature with associated ecosystem
services and cultural values” [12,13]. In Iran PAs are under
the management and authority of DoE.

Kohgiluyeh and Boyer-Ahmad Province (hereafter K&B)
with an area of approximately 16,000 km2 is located in
southwest of Iran within the Zagros Mountains (including the
Dena Mountains subrange) (Figure 1). Due to large available
habitat in K&B, it is thought to be one of the most important
areas for brown bear in Zagros region.

Figure 1: Location of Zagros forests and the province of
Kohgiluyeh and Boyer-Ahmad in Iran.

In this study, we will present a brown bear occurrence
map to determine the distribution ranges and overlay it to
protected areas, land cover and land use in the province
of K&B. It will be useful to determine important areas for
research, management, and protection of the species in the
province as well as the Zagros region.

Material & Methods

Study Area

The province of K&B is located in the south-west of Iran
(Figure 1) and about three-fourths of this province is mostly
mountainous, part of the Zagros range, and the remainder
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is plains [14]. In the province of K&B, elevation, rainfall, and
humidity decrease while the average temperature increases
from NE to SW along the main Zagros Mountain Range; in
general, this gradient creates two separate climates, cold
and subtropical regions. Elevations of the province range
from 4,435 m on Mount Dena to 170 m in CherehZan plain;
the annual precipitation in this region varies between 300
mm and approximately 1000 mm and its annual average
temperature varies of 11°C in cold regions up to 21°C
subtropical regions [15].

Various types of forest including of 7% dense forests,
29% semi-dense forests, 53% sparse forests, 9% shrublands,
and 2% hand-planted forests cover about 53% of the total
area of the province of K&B. This forest area makes up about
20% of the forest cover in Zagros, the highest share of any
Zagrosian province [16]. The main woody species of these
forests are Quercus brantii, Q. infectoria, Q.libani, Amygdalus
scoparia, Pistacia mutica (P. khinjuk), Acer cinerasence,
Crategus spp, Cerasus spp and Pyrus spp. [15,17-19]. There
are seven protected areas (PAs) in K&B: Western Dena,
Eastern Dena, Khaeiz - Sorkh, Khamin, Sivak, Deyl and Soulak,
four no hunting areas: Maghar, Hatam, Lar, Khoramnaz and
one national park: Dena national park. Surface of PAs span
between 940 km? and 25km? (Figure 2).

Figure 2: The protected areas, no hunting areas, national
park, villages, main roads and hilshade map of the province
of Kohgiluyeh and Boyer-Ahmad, Iran.
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Methods

To create a map of relative density of presence of brown
bears in the province of K&B, the seven following steps were
conducted; 1) a clearly visible, 1: 250,000 map of the province
was provided by GIS software and printed. The printed map
displayed the borders of the counties, names of the villages
and the layers of the land use-cover, hilshades, roads, rivers,
main streams and the PAs of the province. The data layers
for producing the 1: 250,000 map were obtained from DoE
of the province. DoE provided these data layers in 2008. 2)
Informative people who were aware about the presence of
brown bears in different parts of the province were identified
for interview. 3) The objectives of this study were explained
to the interviewees and their final opinion about the
presence only of brown bears in different parts of the study
area were marked on the printed map. 4) The distincted and
marked points of visual sightings of the brown bears on the
printed map were transferred into a GIS map. 5) Two home
range sizes of female and male brown bears were defined as
two assigned distances to explain, respectively, the high and
low relative density of the occurrence of the brown bears in
the province. 6) The defined home range sizes were used as
radii to buffer the marked points by ArcMap 10.7.1 to create
the high and low relative density maps for presence of the
brown bears in the region. 7) To investigate the conservation
status of the brown bears in the province of K&B, the map of
the relative density of the presence of the brown bears in the
province were overlaid and compared with vector maps of
PAs and land cover-use of the province.

Data collection was accomplished from the Mid-
September to the end of 2018. The exponential non-
discriminative snowball sampling (chain-referral sampling)
method Goodman LA [20] was used to find the interviewees
who were aware about the presence of the brown bears
in different parts of the province. The snowball sampling
method is extensively used where a population is unknown
and rare and it is tough to choose subjects to assemble them
as samples for research. In snowball sampling method, the
first subject is recruited and then he/she provides multiple
referrals; Each new referral then provides with more data
for referral and so on [21]. In snowball sampling technique,
samples are selected based on the subjective judgment of
the researcher rather than random selection and there is
a fear of sampling bias when this technique is used; this
sampling method depends heavily on the expertise of the
researchers [22]. The extent of distribution of the sample
points in the printed map of the province, consideration to
the historical reports of ranger stations about observation of
brown bears in different parts of the province and consulting
with experienced rangers could be an enough proof for
consistency of the sampling throughout the area. Annual
reports from ranger stations of each county of the province
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of K&B about wildlife observations and individuals who
observed the brown bears during the 2016 to 2018 were
the starting points (the first respondents) for the snowball
method sampling. Each ranger station is responsible for a
patrol section within the study area.

In total 96 points for observations of the brown bears
were reported and marked on the printed map by 35
interviewees. The interviews were completed during one
month by the end of autumn 2018. Efforts were made to
meet and interview all addressed interviewees in the region
and the respondents were asked to mark their observations
on the printed map only of sightings of the adult brown bears
during the last three years between 2016 and 2018. The
cubs and the sex of the bears were not considered. In each
interview, to avoid duplication of markings in a specified
area some information about the marked points including
time of the observations of the bears and the profiles of the
former respondents were explained to each respondent. The
respondents were all male with an age range between 25 to
70 years old, with different professions consist of rangers
and individuals of the environmental protection guard of the
province’s DoE (22 persons), local villagers (six persons),
gardeners (three persons), ranchers (two persons), and
members of the environmental NGOs (two persons). The
most of the respondents (around 60%) were inhabitants of
the villages either in edge or within the PAs and the rest were
from villages out of PAs and even cities (one case). Some of
the respondents had marked their observations more than
one points on the map. All of the respondents with multiple
observations were rangers or members of the environmental
protection guard. Three rangers contributed the most
observations [4,19] since they had a lot of experience (in
years) patrolling in PAs and areas outside of PAs and were
experienced with maps.

The primary point data obtained was converted to areal
information by drawing a buffer of the radius of the brown
bear’s home range size, approximated by a circle around
the point data to use as the distribution area map. Reliable
data on the size of brown bear home ranges in Iran do not
exist. Therefore, we referred the home range size of adult
brown bears (=3 years old) in the Caucasus and southeastern
Europe [8], which habitat would be similar to that of the study
area. Two types of buffers around the marker point with a
radius of 5020 m (female home range: 79.2 km?) and 13077
m (male home range: 537.3 km?) were generated to create a
distribution map, considering that the former being the area
of relative high-density area and the latter being the low-
density area. To study the spatial distribution of the brown
bears in land cover- use types in the province, the two maps
of high and low densities of the presence of the brown bears
were overlaid on a vector land cover- use map of the study
area. Then, the relative density of the occupied brown bear
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habitats in the province were compared with land cover- use
map of the province.

Findings

Table 1 depicts the numbers of observed brown bears
by the respondents. The highest number of the observed
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brown bears (21) (Table 1) was reported by a member of the
environmental protection guard, who had a good enough skill
in working with maps from different parts of Dena region.
The reported observation times were mostly in the end of
the summers or the beginning of the autumns (14 cases) for
all the three years of data collection period.

N. of the observed brown bears N. of respondents Sum
1 13 13
2 12 24
3 6 18
4 1
5 1 5
11 1 11
21 1 21
Total of the marked points 96

Table 1: The frequency table of observed brown bears by respondents in different parts of the province during 2016 to 2018.

-

Figure 3: Distribution of the sighting points of the brown
bears, villages and the protected areas in the province of
Kohgiluyeh and Boyer-Ahmad, Iran.
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Figure 4: The ranges of brown bears in two levels of
high and low density in different land covers-uses of the
province of Kohgiluyeh and Boyer-Ahmad. Good range
(rangeland) and poor rang (rangeland) are two combined
terms issued by evaluation of different ecological factors
such as type of plants, density of vegetation covers and soil
characteristics, based upon the Iranian range evaluation
( model.
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Figure 3 shows the distribution map of the sighting
points of the brown bears in the province. Most of the
observation points of the brown bears were located in the
north, northeast, and the east of the province (Figure 3).
Only 29 out of the 96 sighting points (30%) are located in
PAs (30 %), while the bears also could be found widely in the
areas out of the management (protection) of DoE. Western
and Eastern Dena protected areas and Dena National Park
located in the northeast part of the province have the most
quota of this portion (20 observations).

The map of the bear sightings in two classes of high and
low density was overlayed on the land cover-use map of the
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province (Figure 4). The high density map of brown bears
occupied approximately 38% of the total area of the province,
while only about 20% of this extent is located within PAs,
this means that, the extending range of brown bears in the
province is much more than the extent of PAs (Figure 4). The
ranges of brown bears in different land covers and land uses
are compared in table 2 for PAs and the areas out of PAs. The
majority of bear range in PAs is located in woodland and low-
density forests (99.8%) (Table 2). In the areas out of PAs,
after woodlands and low forests (49.6%), poor rangelands
(18.9%) and all kind of agricultural activities (15.7%) are
respectively most common land-cover types associated with
the bear range (Table 2).

Protected areas Out of the protected areas
Land use- cover
N. of land use Area (ha) % N. of land Area (ha) %
patches use patches

Woodland/ low forest 5 32800 99.8 91 211648 49.6
Poor Range 0 0 0.0 150 80658 18.9
All kind of Agriculture 6 21 0.1 231 66914 15.7
Dense Forest 0 0 0.0 55 44475 10.4
Good Range 0 0.0 0.0 36 20165 4.7
Rock 2 47 0.1 10 1222 0.3
Residential 0 0 0.0 11 754 0.2

Bare land 0 0 0.0 7 528 0.1

Sum 13 32868 100 591 426364 100

Table 2: Comparison of the areas (ha) and numbers of land cover- use patches located in the high density range of brown bears
in the protected areas and out of them in the province of Kohgiluyeh and Boyer Ahmad, Iran, 2018.

According to the information obtained from the
interviews, the residential and rural areas located in Dena
Protected Area and the outskKirts of Dena National Park have
the highest claims (five cases) of bear damages on gardens,
domestic livestock, honey hives, fish farms and agricultural
lands.

Discussion

The presented map in Figure 4 could be used as a
thematic map for conducting more comprehensive and
detailed studies about occurrence of brown bears and their
home range sizes in the province. The map of distribution of
the sighting points of the brown bears in K&B shows a good
agreement with the map of distribution of the dense and
semi-dense Persian oak forests in the mainly mountainous
areas of the province (Figure 4). The mismatching between
PAs and the identified range for brown bears could be as an
obstacle for protection of brown bears in K&B Province.
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No reports were received about the presence of brown
bears in the south and west parts of the province, where a
subtropical climate is dominated. As found by Parchizadeh ],
et al. [14], his respondents did not report any observation of
brown bears in the protected areas of Khaeiz - Sorkh, Deyl
and Soulak located in the west of the province, but unlike
[14], we received a single report of the presence of brown
bear in the protected area of Deyl.

The majority of bear range in PAs is located in woodland
and low-density forests and Persian oak is the dominant
woody species of these forests [17]. Thus, as the main habitat
for brown bears, conservation of Persian oak forests could
have an important role on conservation of brown bears in
the province. Carnivorous mammals are a key to the health
and species richness of ecosystems and play a key role in the
biodiversity of ecosystems [23]. Brown bears as the largest
carnivores in the Zagros region play a role of an umbrella
species and could be considered as key species indicating
the conservation status of its habitats [24,25]. Oak forests,
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in addition to providing habitat for the brown bears, provide
habitats for other animals that brown bears feed on them.
Moreover, oak trees provide an important food for bears by
producing hard mast (acorns) [26,27]. Reporting the bear
sightings in autumn were possibly because of bear searching
for fall foods.

By feeding on insects, worms and larvae in the roots and
trunks of trees, bears contribute to forest health and support
of these forests [26]. Cavities in the trunks of old trees also
provide a safe place for the animal to hibernate; Also, bears
scatter seeds and thus play a role in sowing plants and
helping maintain the genetic diversity of the species [24,26].
Mohammadi A [28] mention that forest density is one of the
most influential variables for the habitat of brown bears.

Kernel Density Estimation (KDE) technique Silverman
BW [29] in ArcGIS could be used to estimate a home range
size of the brown bears Adjaye TA, Pop IM [30,31] and Persian
leopard [32]. Nevertheless, the home range sizes of 79.2 km?
and 537.3 km? as the home range sizes of female and male
brown bears, respectively, were preferred. This preference
was considered firstly because a relative similarity of brown
bear habitat in Caucasus region in northwest of Iran with
its habitat conditions in Zagros [3-5]. Secondly, producing
a density map by KDE technique covers a large extent of
the region, including many villages and roads that does not
correspond to the reality.

This study is a cursory first look at where brown bears
may be distributed in the province of K&B and it is possible
that multiple observation points could be the same individual
brown bears. In a study from the Romanian Eastern
Carpathians, using the 95% minimum convex polygon
method, [31] suggested for a home range size of brown bears
(~630 km?) that is larger than the used home range size in
this study (537 km?). Many environmental factors such as
terrain and topographic condition, forest type, accessibility
to water and food source, road and residence could influence
on the home range size of the brown bears [31]. The study
of Moqanaki EM, et al. [8] to estimate bear density in
Arasbaran Biosphere Reserve and comparing the results with
rangers’ perceptions as collated through interviews, shows
that the perceived abundance of bears by local rangers was
between 3 and 5 times higher than their applied method to
estimate the population of bears in the study area. There is
a need for the further research to better quantify the home
range size, number and distribution of brown bears in the
area by using relevant technologies e.g. motion-activated
wildlife cameras or hair snares to obtain DNA samples [4,8].

The bear damages reported in this study also were
reported in the province of K&B by Parchizadeh [14,33],
these kinds of damages also reported from Fars province, in
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the eastern adjacent of K&B Province [4].

Due to the growing trend of economic and social
development such as construction of roads, power lines,
gas pipelines, dams etc. and a lack of a proper supervision
and control on sustainable development of the region, the
survival of brown bears is under threatened. Fragmentation
of brown bear home ranges by agricultural lands in the region
could be interpreted as a clear sign of human encroachment
on territory of the brown bears. To decrease the negative
impact of human-wildlife interactions and to achieve a
sustainable conservation and management on wildlife,
having a participatory conservation in context of an adaptive
management on forests and brown bears by inhabitants and
wildlife management sector is needed [34].

Conclusion

The survival of the brown bear population in K&B
province is at risk. K&B could be considered as one of
important habitats for this at risk animal species in Zagros
region in Iran. Most of the distribution of the brown bears
in the province is situated in the woodland and low-density
forests. Therefore, the conservation of Persian oak forests as
ahabitatand food source for brown bears has an effective and
major role on conservation of this species. The mismatching
between PAs and areas identified as being occupied by the
brown bears could be an obstacle for conservation of the
brown bears in the province. To enhance conservation of the
brown bears, engagement of local residents to conservation
of oak forests and brown bears is needed. This study is a
rough estimation about the distribution of brown bears and
a relative density of their occurrence in the province. To
have a better conservation on brown bears in the province,
more accurate and precise researches about these issues are
needed.
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