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A B S T R A C T

Deosai Plateau in Northern Pakistan was designated a national park to protect the largest

remnant population of brown bears in Pakistan. The natural resources of this high eleva-

tion (3500–5000 m) park make a significant contribution to the livelihood of local and

nomad communities. The present legislation excludes people from a park, which increases

conflicts between management and local people. However, a pragmatic approach was

adopted to involve people in conservation in Deosai. Community participation, achieved

by recognizing rights and introducing incentives, reduced resistance against the conserva-

tion efforts, reduced grazing pressure in bear habitat and helped reduce poaching. The size

of the brown bear population was set as an indicator of park success, and was monitored

annually from 1993 through 2006. We observed a 5% annual growth of the brown bear pop-

ulation, suggesting that the conservation program has been successful due to a successful

cooperation between an NGO, people, and the park management.

The increase of the bear population is significant, because we observed an extremely low

reproductive rate, due to late age of first reproduction (8.25 years), a long reproductive inter-

val (5.7 years), and a small litter size (1.33). The reproductive rate of the Deosai population

is the lowest yet documented for brown bear populations. Poor habitat quality, low quality

food, high seasonality, and extreme weather conditions in the Himalaya probably explain

the poor reproductive performance. Considering such low reproduction and known

exchange of individuals with neighboring populations, we believe that the observed growth

was a sum of reproduction and immigration. Brown bears are declining throughout South

Asia and often have low-productive rates. Therefore, conservation efforts for brown bears

in this region must target reducing human-caused mortalities, particularly of adult

females. Involvement of people can increase efficiency in conservation, in addition to

reducing cost and conflicts.

� 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Protected areas (PA) are considered to be vital for both biodi-

versity conservation and sustainable development, and more

than 100,000 PAs have been created worldwide (2003 United

Nations List of Protected Areas). The number of PAs has

grown impressively in South Asia during the last five decades;

with about 1500 sites on the UN List, covering 6.87% of the
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total land (Chape et al., 2003). However, rapidly increasing hu-

man populations and demands for natural resources have ar-

rested the creation of PAs in a struggle between conservation

and development. Ecologically sustainable development that

accommodates the economic and social needs of the society

is the emerging perspective for PA management (Phillips,

1994). Resident communities are viewed increasingly as

important stakeholders and their participation often is

deemed crucial for the success of the PAs (Mishra et al.,

1989; Dearden et al. 2005; Hiwasaki, 2005), although their par-

ticipation in itself does not ensure success (Oates, 1995, 1999).

This approach is very relevant in south Asian countries,

where the livelihood of rural communities and PAs are essen-

tially linked (Ghazali and Khairi, 1994).

In contrast, Pakistan’s conservation policies and manage-

ment strategies have changed little. Management of the

>200 PAs in Pakistan occurs without public participation and

current legislation neither recognizes public rights nor allows

resource utilization within protected areas. Confrontations

with local communities, financial constrains, and poor man-

agement infrastructure contribute to the fact that most PAs

are not functional. IUCN (2000) developed a comprehensive

action plan framework for strengthening the country’s PAs

and emphasizing community participation, but it largely re-

mains to be incorporated into national policy.

Deosai National Park (DNP), in the Northern Areas of

Pakistan, was created in 1993 (GoP Notification 1993). Alpine

pastures are a rare and usually degraded resource in Northern

Pakistan (Ehlers and Kreutzmann, 2000), where much of the

landscape is just rock and ice. The vast grazing grounds of

Deosai make a significant contribution to the livelihood of lo-

cal and nomad communities. Fishing, falconry, and poaching

of brown bears (Ursus arctos) for fat are other means of in-

come. Because the wildlife legislation (Northern Area Wildlife

Preservation Act 1975) does not allow any kind of resource

extraction from a park, the new legal status of the area was

not acceptable for the concerned communities. The Himala-

yan Wildlife Foundation (HWF), a nongovernmental organiza-

tion that was instrumental in the creation of the DNP, took

the case of Deosai as an opportunity to test emerging ap-

proaches towards PAs, where ecological sustainable rural

development is linked with biodiversity conservation (Mishra

et al., 1989). In 1993, HWF collaborated with the Northern

Areas Forest and Wildlife Department and local communities

on a conservation program based on three main principles: (1)

recognition of community rights through a zoning plan of the

park; (2) protection of biodiversity through a system of

enforcement and monitoring; and (3) community involve-

ment and assistance through (a) employing staff from neigh-

boring villages, (b) developing ecotourism and training locals

for various tourism-related services, (c) assisting communi-

ties and mobilizing resources for development projects, and

(d) generating revenue and sharing it with the communities

(see HWF, 1999a for details). The zoning plan allowed commu-

nities to continue utilizing pastures within specified areas of

the park, but not in a core area for bears. This provision re-

duced the conflict with communities over park resources,

and at the same time reduced human presence and grazing

pressure in core bear areas. Principal (3) further catered coop-

eration and participation of the communities in park man-

agement. Monitoring and park management were

completely integrated, as staff employed for law enforcement

maintained permanent presence in the park, monitored indi-

vidual bears, and contributed most of the data. Their contin-

uous patrolling in the study area was probably the major

factor deterring poaching.

The primary objective of DNP was to protect a small popu-

lation of highly threatened Himalayan brown bear (U. a. isabel-

linus); therefore its population size was set as an indicator of

the park’s success from the beginning (HWF, 1999a). Achiev-

ing such an objective was complicated, because the popula-

tion was very small, facing multiple threats, and living at

the elevational extreme of the brown bears’ range. Brown

bears are found throughout most of the northern hemisphere

and occupy a variety of habitats from tundra to temperate for-

ests (Servheen et al., 1999). Variation in energy and environ-

mental conditions over a geographical range induces

variation in life history (Rosenzweig and Abramsky, 1993),

consequently life-history traits in brown bear are diverse

(Dahle and Swenson, 2003a; Stringham, 1990; Zedrosser,

2006). Habitat stability (i.e., the degree of its seasonality and

predictability) and temporal stochasticity are the two envi-

ronmental factors that have major impacts on life history

(Clark and Yoshimura, 1993; Southwood et al., 1974). In envi-

ronmental extremes (high seasonality, low productivity and

temporal stochasticity), a conservative life-history strategy

is expected (Boyce et al., 2002; den Boer, 1968). Deosai repre-

sents a highlands ecosystem (>3000 m, Mani and Giddings,

1980), characterized by unpredictable, unstable, highly sea-

sonal, and extreme environmental conditions.

The life history of high-altitude brown bears has never

been documented. However, brown bears living at higher lat-

itudes in North America and Europe are known to be less pro-

ductive (Ferguson and McLoughlin, 2000; Boyce et al., 2002;

Swenson et al., 2007). High latitudes and altitudes are similar

in environmental factors (e.g. thermic-seasonal events),

though the latter have more severe conditions (Mani, 1990).

The Deosai population might therefore be less productive

than populations at lower altitudes. The reproductive perfor-

mance and survival of individuals determine population

growth (Schwartz et al., 2006). Because the Deosai population

is small and facing threats like poaching and habitat loss, we

considered it essential to document the population’s rates of

reproduction and mortality in order to formulate an appropri-

ate management strategy for its long-term survival.

Our objectives were to (1) evaluate the effectiveness of

park management in terms of the trend of the brown bear

population and (2) estimate demographic parameters and fac-

tors affecting viability of high-elevation brown bears. Findings

of this study can provide directions for the conservation of

brown bears living elsewhere in high Asia.

2. Materials and methods

2.1. Study area

The DNP (75�27 0E, 35�00 0N) is a 1800 km2 alpine plateau east of

Nanga Parbat Peak, Northern Areas, Pakistan. Elevations

range from 3500 to 5200 m, with about 60% of the area
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between 4000 and 4500 m. Mean daily temperatures range

from –20 �C to 12 �C. The annual precipitation is 510–

750 mm and falls mostly as snow (HWF, 1999a). Vegetation

is predominately herbaceous perennials, grasses and sedges.

The brown bear is the flagship species of the park; other

mammals include Tibetan wolf (Canis lupus chanco),

Himalayan ibex (Capra ibex sibrica), Tibetan red fox (Vulpus

vulpus montana), golden marmot (Marmota caudata) and 17

other small mammal species. The Deosai Plateau (DP) is a

typical highlands ecosystem, which is characterized by low

atmospheric pressure, cold, aridity, low oxygen and carbon

dioxide levels, intense isolation, rapid radiation, and high

ultraviolet radiation (Mani, 1990; Mani and Giddings, 1980).

The area has been dynamic climatically and geologically dur-

ing the late Holocene (Kuhle, 1997; Meiners, 1997).

The DP is a relatively flat area between narrow valleys and

steep mountains, close to the Line of Control with India.

Although there is no permanent habitation, because of the

high altitude and extreme climate, there are many settle-

ments along the periphery of DNP. They are located in numer-

ous valleys and have various stakes in Deosai, especially

traditional grazing rights. Their livelihood system is based

on cultivation and livestock rearing, which is why the DP’s al-

pine pastures are important. All but four peripheral commu-

nities utilize DP’s outer slopes and peripheral valleys for

grazing. Four communities, Sadpara, Shilla, Dhappa and

Karabosh, claim traditional grazing rights within the bound-

aries of DNP and their livestock occupy the eastern part of

DNP during summer. In addition to these sedentary commu-

nities, there are nomad groups (Bakarwals or Gujjars), which

come from the lowlands and compete for grazing resources.

Approximately 9000 livestock, mainly goats and sheep

belonging to resident and nomad communities, grazed within

DNP in 2004.

2.2. Population census and monitoring

The HWF initiated a brown bear project in 1993 for the conser-

vation of brown bears in DNP. From the beginning of this pro-

ject, the HWF has operated a summer field camp in DNP from

June to October, depending on snow conditions. The primary

responsibility of the permanent HWF field staff was to ob-

serve individual bears regularly and document their move-

ments and behavior. The treeless vegetation and relatively

gentle terrain allowed for good visibility, which helped locate

bears from a long distance (2–3 km), and permitted following

them even without aided technology like telemetry. In addi-

tion, seven individuals (three males and four females) were

immobilized and radio-collared (Telonics VHF transmitters)

in 1996 and 1997 (HWF, 1999b; Nawaz et al., 2006). Field teams

of 2–3 people followed individual bears, staying at a distance

of about 1 km, for 1–7 days in each trip, making night stays in

portable tents. Animal positions and movements were

marked on field maps, and individuals’ behaviors (activity

pattern, interactions with other individuals, etc.) were docu-

mented (Nawaz and Kok, 2004). These intensive surveys and

long association with the bears, in addition to individual dif-

ferences in markings, allowed field staff to recognize individ-

uals. Individual recognition from morphology has been used

in some other brown bear studies. Sellers and Aumiller’

(1994) study of brown bear population at McNeil River, Alaska,

was based on individually recognizable bears, and Craighead

et al. (1995) also used some unmarked brown bears in their

analysis, assuming them to be recognizable. Smith (1991)

reported morphological and behavioral characteristics to dis-

criminate between sexes in a guide for male-selective grizzly

bear hunting.

In Deosai the following factors helped in individual

identification:

(1) Color variation: Variation in pelage color has been docu-

mented in Himalayan brown bears (Sterndale, 1884;

Schaller, 1998) and in DNP four pelage colors were iden-

tifiable; blonde, silvertip, light brown and dark brown.

Individuals generally darkened with age, and females

were usually lighter than males.

(2) White patches: Many individuals had characteristic

white patches. These patches were variable; some indi-

viduals had a white snout, others white ear tips. White

oval patches on the shoulders were relatively common,

but their sizes were variable. Some individuals had

small white marks on the shoulders, some had com-

pletely white shoulders, and in some individuals a large

white patch covered both shoulders, lower parts of the

neck and some parts of the chest.

(3) Size: Brown bears are sexually size dimorphic (Schwartz

et al., 2003b). Adult females in Deosai have a mass of

60–80 kg, adult males 120–150 kg, and subadult males

50–60 kg. Sex determination in subadults was relatively

difficult, until females gave birth.

(4) Radiotelemetry: The seven radio-collared adults com-

prised about 40% of the adult population at that time.

This increased the reliability of the observational study.

(5) Genetic analysis: A genetic analysis of the population

based on fecal samples was conducted in 2005

(Bellemain et al., 2007). The genetic analysis verified

individual identification, maternal relationships among

individuals that were assumed from field observations,

and also verified patterns of individuals’ distributions

as observed in the field.

(6) There was little turn over of the field staff, enabling

people to remain associated with the project through-

out this study. Their personal experiences and ability

to recognize individuals were valuable for the quality

of the data.

This study particularly targeted females with young,

which enabled documentation of the females’ reproductive

activity and survival of young. In addition the entire park

was surveyed every year during 10–15 days in late September

or early October to count individual bears. The DNP was

divided into five blocks, and line transects were placed in each

block to cover most of the park. Boundaries of the survey

blocks followed major rivers of the DNP. Field observations

and genetic results agree that movement of bears across

these rivers is not frequent, and for certain bears these rivers

mark boundaries of their home ranges. Multiple (2–4) teams

were deployed concurrently to avoid double counting of bears
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in adjacent areas. We could not observe all bears during these

end-season surveys, therefore monitoring data maintained

throughout the summer season were also used to obtain a

population census, which was a total count of individuals.

This end-season population census enabled us to document

individuals that could not be observed during the summer

season. If a new individual, which is an individual we could

not identify, was found during the census it was treated as

an immigrant. Therefore, the population census was com-

prised mainly of identifiable individuals.

We estimated age using the size of individuals if they had

not been monitored from young ages. We identified three

classes of sizes in independent bears; small, medium, and

large. Small bears were considered to be subadults (5–7 years

old), and medium and large size bears were considered to be

adults.

2.3. Estimating reproductive parameters

To determine the age of primiparity, we used observations of

females that were monitored from birth, except for one which

was followed from an estimated age of 4, when she arrived

with an immigrant mother and separated from her that year.

About 80% of the young in this area separate from their

mother at the age of 4 years (see Section 3). We accounted

for the loss of some nulliparous females (emigrated or died)

when calculating the mean age of reproduction (Garshelis

et al., 1998). This method gives an unbiased estimate of the

mean age of primiparity. One 9-year-old nulliparous female

did not produce a litter by the end of the study; it was treated

as having produced the next year (Garshelis et al., 1998), be-

cause the maximum observed age of primiparity was 8 years.

We used bootstrapping (Efron and Gong, 1983) to estimate

standard error in the statistical package R 2.4.1 (R Develop-

ment Core Team, http://www.r-project.org).

We estimated the litter interval and length of family asso-

ciation, correcting for incomplete intervals, by using a meth-

od analogous to Garshelis et al. (1998). As each female can

have multiple litter intervals, each litter interval was used

as sample unit to calculate the reproductive interval

(Garshelis et al., 2005). The monitoring of 16 females allowed

us to calculate litter interval, nine of them were monitored

from 1993. The average monitoring period for these nine

females was 11 years (range: 5–14), and these females pro-

vided some complete intervals. The seven other females were

monitored from 1998 and 2001, with an average contact peri-

od of 4 years (range: 2–7 years). These females mostly gave

open ended intervals and the Garshelis et al. (1998) method

enabled us to use these data.

Family association is the time between a birth to success-

ful separation of a litter and is important, because it influ-

ences reproductive interval, and because brown bears do

not breed until they have separated from their young (Dahle

and Swenson, 2003b). Each litter was taken as a sampling

unit. If a cub-bearing female was lost from contact before

family breakup, the data were used up to that point.

We calculated mean litter size using all litters observed

after den emergence. We used two methods to calculate

reproductive rate (young born/year/reproducing adult fe-

male); (1) by dividing the mean litter size by the mean litter

interval and (2) from the reproductive history of six females

that provided 11 complete birth intervals (Hovey and

McLellan, 1996). The average monitoring time for these

females was 11.5 years (range: 7–14), and they produced 1–3

complete intervals per female. Unlike the first method we

used only closed reproductive intervals, because these

females remained in contact from one birth to the next one.

2.4. Estimation of survival rates

We determined survival of cubs-of-the year (‘‘cubs’’) and year-

lings by following their mothers. This method has been used

in American black bears (Ursus americanus) and brown bears

(Doan-Crider and Hellgren, 1996; McLellan et al., 1999;

Schwartz et al., 2003b, 2006; Swenson et al., 2001). Survival

was estimated by dividing the number of young surviving to

the next year by the total number of young in an age class. Some

females and associated young disappeared from the study area

during the winter, and we were not sure about the fate of the

associated young. We made two data sets to deal with them;

in one data set we censored (C) these young, and in the second

data set, they were assumed dead (AD) (Haroldson et al., 2006).

Thus, we reported survival in a range between �SC and �SAD.

For age groups P2 years, estimating mortality rates was

more difficult, because, in addition to known mortalities,

many individuals were lost from contact. Known mortalities

were all illegal shootings; we collected remains of shot bears

and in some cases hunters were prosecuted. A bear that was

followed during previous years and was not observed

throughout a summer season without any indication of its

death was treated as an ‘‘undocumented loss’’. There could

have been three possibilities concerning fate of such an

undocumented loss; (1) death, (2) emigration, (3) they have

home ranges partially outside DNP and did not visit, or were

not detected in, DNP every year. ‘‘Immigrants’’ were all new

individuals observed after the first year of study; these could

have been individuals coming from neighboring populations

or individuals that visit Deosai occasionally. All new individ-

uals were treated as immigrants, unless we were very sure

about their identification. These new individuals were given

a new ID and monitored until they were lost from contact

or the study ended. We maintained visual contact with the

individuals monitored since 1993 during most of the study

period. However, most immigrants, majority coming after

1998, stayed relatively shorter times and contributed substan-

tially to the undocumented losses. The Kargil War, an armed

conflict between India and Pakistan that started in 1999, and

postwar development in the area (particularly construction of

new paved roads), may have resulted in migration of bears

from affected valleys to the DNP.

We treated known mortality as the minimum mortality

rate, and the total loss (including undocumented loss) as

the maximum mortality rate, and estimated survival for both

cases as (Eberhardt et al., 1994):

�S ¼ 1� recorded deaths
bear-years observed

:

A bear-year represents a bear monitored for a summer

season. Some bears were observed more frequently from

den emergence to the end of the summer season (October),
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whereas others were observed only a few times, particularly

during end-season surveys. All were assumed alive for that

year, unless their mortality was documented.

2.5. Estimation of population growth

We estimated the finite rate of increase (k) from annual cen-

suses of the Deosai population, with k as the ratio of numbers

in two successive years (Caughley, 1977). The k was calculated

by the exponential rate of increase, b, which was estimated by

regressing population size (lnN) on year. We ran this model in

MINITAB software (MINITAB Release 14.20, 1972–2005 Minitab

Inc.). We observed higher counts in the last 3 years of the

study. In order to disassociate the impact of these years on

overall population growth, we calculated another regression

model excluding these last 3 years.

We have documented an exchange of individuals with

adjoining populations (Bellemain et al., 2007), which might

have influenced the growth rate. In order to estimate the

intrinsic growth of the population, we used the deterministic

Leslie matrix (Leslie, 1945, 1948) in PopTools (http://

www.cse.csiro.au/poptools/). We used 30 age classes and the

postbreeding census (reproductive rates were multiplied with

survival rates). The dominant eigenvalue of the Leslie matrix

gives population growth rate (k). We also calculated popula-

tion growth rate by standard life table analysis in Vortex Pro-

gram (Lacy et al., 2006), which calculates deterministic growth

(k) by solving the Euler equation (Stearns, 1992). We calculated

k for the best and worse case scenarios, using minimum and

maximum mortality rates, respectively.

Small populations are vulnerable to genetic, demographic,

and environmental stochasticities (Soulé, 1987), and these

stochastic events can depress population growth (Lacy,

2000). We conducted a Population Viability Analysis (PVA) in

Vortex, which allows the assessment of the impacts of sto-

chasticity. The difference between the deterministic growth

rate and the simulated growth rate provided an indication

of stochastic impacts. Demographic stochasticity is the ran-

dom fluctuation in birth and death rates and sex ratio of a

population. Vortex models annual variation in births, deaths

and sex determination as binomial distributions and gener-

ates pseudo-random numbers. Environmental stochasticity

is the fluctuation in the probabilities of birth and death from

environmental variation, and Vortex models it as a normal

distribution (Lacy et al., 2006). We did not model genetic im-

pacts, because the Deosai population is not facing inbreeding

depression (Bellemain et al., 2007). We simulated the Deosai

population with 1000 iterations in Vortex, using base param-

eters as; age of primparity: 8 years, maximum breeding age:

30, %adult females breeding: 17.54 (1/litter interval), distribu-

tion of litter size: 1 = 70% and 2 = 30%.

2.6. Comparisons with other brown bear populations

We compared reproductive parameters of the Deosai popula-

tion with North American and European populations. Repro-

ductive data from other Asian high-altitude brown bear

populations are not available; however high altitude environ-

ments have some similarities to that of high latitudes (Mani,

1990). Demography of brown bear populations has been re-

ported to be influenced by high latitudes (Ferguson and

McLoughlin, 2000), and we therefore emphasized compari-

sons with high-latitude populations.

3. Results

During 14 years (1993–2006), 86 individuals were followed for

423 bear-years, with 24 females, 18 males and 44 young (up

to 4 years of age), monitored for 169, 147, and 107 bear-years,

respectively. Twelve females were monitored for more than 3

years; their collective observation period was 107 bear-years.

The radiotelemetry sample consisted of three males, three fe-

males with four dependent young, and one lone female, with

a collective monitoring period of 20 bear-years. The mean

monitoring period for adult bears was 6.4 years (SD: 4.8), rang-

ing from 1 to 14 years.

3.1. Population size

We counted 19 individuals during 1993, including seven

males, seven females, and five young. Annual censuses in

the subsequent years showed a gradual increase, with a min-

imum population size estimate of 43 individuals towards end

of the study (Figs. 1 and 2). In 2006, there were 17 males, 15

females and 11 young in the population. Averaged over the

study period, there were 61% adults, 11% subadults, and

27% young (up to 4 years of age) in the population (Fig. 1). This

compares well with the stable age structure generated by the

Leslie matrix (60%, 15%, and 24%, for adults, subadults, and

young, respectively). The adult sex ratio remained quite

equal, except for recent years when it became male biased.

A male biased sex ratio suggests larger male home ranges,

or increased male dispersal to the area (Dahle and Swenson,

2003c; Dahle et al., 2006a; Støen et al., 2006). However, a 14-

year mean of the population sex structure showed sexes at

parity; the female to male ratio was 1:1 (SD: 0.17) (Fig. 1).

Among the 11 cubs that successfully grew to adults during

the study period, the female to male ratio was 6:5.

The current population density within DNP was about 24

bears per 1000 km2, assuming that the bears only used DNP,

and therefore might be biased high, or 13 per 1000 km2, if

we included an area 1400 km2of surrounding valleys, which

was also part of the bears’ home ranges, but is probably

biased low, because it assumes that there were no other bears

in the surrounding area that did not use DNP. The density was

not uniform. Therefore the high-density area between

Shatung and Shingo-Shigar rivers and adjacent valleys (Shilla

to Karabosh) was designated as the park’s core area (HWF,

1999b). A rugged area in the center of DNP, termed by the

HWF team as ‘‘Black Hole’’, had an especially high density,

seasonally as high as �1 bear/km2. The higher density in

Black Hole occurred during the summer and was probably re-

lated to higher biomass production, ruggedness, and absence

of human structures (camps, roads, etc.) (Nawaz, 2008).

3.2. Reproductive parameters

We observed nine nulliparous females in our study sample,

but included only six of them with reliable age estimates.
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Only three nulliparous females produced litters during the

observation period, the other three were censored from the

sample before giving birth. No female in our observation pro-

duced cubs before 7 years of age, and the mean age of repro-

duction was 8.25 (range: 7–10). One young nulliparous female

was radio-collared in 1996 and monitored for 9 years (3 years

with radiotelemetry and thereafter with visual observations)

before we lost contact at an estimated age of P13 years. This
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Fig. 1 – Age and sex structure of the brown bear population in Deosai National Park, Pakistan, from 1993 through 2006.
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female was never observed with a litter during the observa-

tion period and was one of the females of unknown age ex-

cluded from the sample.

The litter interval was calculated based on 24 observed

intervals, 11 closed and 13 open-ended, for 16 females.

Among the closed intervals; three belong to one female, two

to three females, and one each to two females. The mean lit-

ter interval was 5.7 years (range: 4–8). We observed 44 cubs in

14 years, and documented the successful weaning of 11

young; the rest were lost from contact. The mean length of

family association was 4.2 years (range: 2.5–4.5).

We observed 44 cubs in 33 litters from 22 females. There

were four litters from one female, three litters each from

three females, two litters each from three females, and the

remaining 15 litters were produced by individual females. Lit-

ters consisted of 1 or 2 cubs, and averaged 1.33. The propor-

tion of two-cub litters was 0.3.

Both methods produced similar estimates of reproductive

rate (natality), as 0.233 and 0.234 (SD: 0.066) cubs per adult

reproducing female per year, by method 1 (dividing litter size

by litter interval) and 2 (using reproductive history of fe-

males), respectively.

3.3. Survival estimates

During the study period, the total number of known immi-

grants to the population was 41 and total loss of individuals

either by known human-caused mortalities or for unknown

reasons (emigration, mortality, etc.) was 37. Eleven males,

11 females with 14 dependent young (12 cubs-of-year, two

yearlings), and five lone females came to Deosai from neigh-

boring areas, an immigration rate of 2.9 individuals per year.

We do not know the proportion of mortalities in the undocu-

mented loss of individuals. However, 24% of the total loss was

known human killings and was comprised mostly of adult

bears (78%). The population gained more males than it lost

(10 vs. 3), which likely contributed to a higher population of

males in recent years. Unlike immigrant males, which kept

arriving to Deosai over the time, about 50% of the immigrant

females left Deosai (lost from visual contact) within 3 years.

Similarly, four resident females were out of contact for part

of their monitoring period; 1 for 1 year, 2 for 2 years and 1

for 3 years. This observation suggests that either the DNP is

only part of some individuals’ home ranges, or that some

bears shift home ranges periodically.

We knew of few mortalities of cubs and yearlings; only 1

cub was known to be shot illegally with its mother. The others

either survived to the next age class (81%, n: 69) or were lost

from our visual contact (17%). The minimum annual mortal-

ity of the P2 age group was 2.35% (considering only known

cases of deaths) and the maximum was 7.62% (including all

undocumented loss) (Table 1).

3.4. Population growth

The regression model fit the data well (R2: 0.867), and the

slope (b) was positive and statistically significant (F: 56,

P = 0.00), suggesting growth in the population (Fig. 2). The

estimate for the parameter b was 0.051 (SE: 0.0058), which cor-

responds to a finite growth (k) of 1.05, or 5%, per year. The 80%

and 95% confidence intervals for k were (1.04, 1.06) and (1.03,

1.07), respectively. The regression without including the data

from the last 3 years also showed a significant growth

(k: 1.036, F: 30.84, P = 0.00), suggesting that population growth

is not just driven by counts in recent years. Thus, the

population doubled from 1993 to 2006.

The deterministic estimates of intrinsic k by the Leslie ma-

trix and Vortex methods were similar for both the best-case

and worst-case scenarios (Table 1), and stochastic variation

did not produce a large difference in k. Population growth

was highly sensitive to survival rates; the stochastic estimate

of k under the best-case scenario was 1.030 (95% CI: 0.968–

1.093) and 0.965 (95% CI: 0.794–1.135) when undocumented

loss was treated as deaths. The relatively large difference be-

tween intrinsic population growth rates estimated under

best- and worst-case scenarios (0.965–1.030) indicates

uncertainty in the intrinsic population growth. However, the

population would be intrinsically stable if at least half of

the undocumented loss actually survived (k: 0.997 at 50%

survival of undocumented loss).

4. Discussion

The documented statistically significant population growth

during the study period showed that DNP had met its primary

goal. The observed rate of population increase (k: 1.05) was

higher than the calculated intrinsic growth (0.965–1.030),

which implies that the park also has provided a refuge for

bears from adjoining areas. We do not know about the status

of bears in surrounding areas, whether DNP served as a mag-

net, resulting in a lower density around DNP, or whether DNP

received a dispersing surplus from surrounding areas. Popula-

tion growth is sensitive to survival and our survival estimates

were within a range between minimum and maximum val-

ues. The contribution of reproduction to the observed growth

is difficult to interpret, because we cannot resolve the propor-

tion of mortalities in the undocumented loss. However, even

in the best case scenario, the 95% CI on the intrinsic k bounds

1, indicating uncertainty in intrinsic growth potential at all

levels of mortality. Uncertainty about estimates of population

Table 1 – Survival estimates and intrinsic population
growth of brown bears in Deosai National Park, Pakistan,
1993–2006, using the Leslie matrix and Vortex methods

Best-case
scenario

Worst-case
scenario

�SC (SD) �SAD (SD)

Cubs-of-the-year 0.965 (0.034) 0.800 (0.067)

Yearling 1.00 (0.00) 0.848 (0.062)

P2 age group 0.976 (0.008) 0.923 (0.014)

k estimates: deterministic

by Leslie matrix

1.032 0.964

Deterministic by Vortex 1.031 0.963

Stochastic by Vortex 1.030 0.965

95%CI on stochastic k 0.968–1.093 0.794–1.135

In the best-case scenario, undocumented losses were censored

from the data ð�SCÞ, whereas these individuals were treated as

deaths ð�SADÞ in the worst-case scenario.
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growth is a general problem in brown bears, because even

healthy populations only achieve modest rates of increase.

Consequently, confidence intervals around k for a growing

population typically overlap 1, especially for small popula-

tions, where sample size is always small. However, as indi-

cated by Schwartz et al. (2006), even with this uncertainty,

other evidence must be considered when evaluating the over-

all success of a program. In the case of the Deosai brown bear

population, the preponderance of evidence suggests that the

program has been successful and that the park bear popula-

tion has increased.

The DNP had a three-fold challenge for management since

its inception: a biological challenge to conserve the small

brown bear population, a resource management challenge

to balance the needs of people without compromising ecolog-

ical integrity, and a sociopolitical challenge to build the confi-

dence of the local communities and engage them in

conservation. The key factors behind the success of the park

appear to be the reduction of human-caused mortalities and

community participation. The support of the local communi-

ties, a vigilant monitoring system, and cooperation between

military, police and forest departments have contributed to

reducing mortalities. The main entry points to the park were

guarded by the staff of the police and the forest department,

and all people entering or leaving the park were checked care-

fully. Frequent patrolling throughout the park helped to iden-

tify any illegal human presence within the park and

surrounding valleys. Poachers were arrested and prosecuted,

and one military officer was punished in court-martial for a

violation in the park. This strict law enforcement, in addition

to awareness campaigns, greatly reduced bear poaching inci-

dences, which was a big problem in past, as suggested by the

existence of a bear-parts market (Nawaz, 2007).

Community participation was achieved by recognizing

community rights and sharing park benefits, which was a

major departure from the conventional PA management in

Pakistan. The park started paying multiple benefits to the lo-

cal communities. The park entry fee generates a considerable

amount of revenue (about US$ 13,300 in 7 years, 2000–2006),

national and international visitors to the park are increasing,

resulting in increasing income from tourism-related services,

and 18 people have been employed by the Forest and Wildlife

Department. These benefits, coupled with provisions to allow

communities to sustain their livelihood needs in a conserva-

tive way, have gradually reduced resistance against the park

and negative attitudes towards bears.

The recovery of the brown bear population in DNP is sig-

nificant, because apart from the human related threats it

has been facing, this population has the lowest reproductive

parameters ever documented for brown bears. The reproduc-

tive parameters of 35 brown bear populations (30 North

American populations (Mclellan, 1994; Case and Buckland,

1998; Garshelis et al., 2005; Kovach et al., 2006; Schwartz

et al., 2006), and five European populations (Frković et al.,

1987, 2001; Sæther et al., 1998; Swenson et al., 2001; Zedrosser

et al., 2004), range between 3–9.6 years, 1.4–2.5 cubs, 2.4–5.8

years, and 0.36–0.96 cubs/year/adult female for age of first

reproduction, litter size, reproductive interval and reproduc-

tive rate, respectively. The eight North American high-latitude

populations (Table 2) are less productive than other terrestrial

and coastal brown bear populations (Ferguson and

McLoughlin, 2000). High-latitude populations have especially

delayed age of reproduction (6–9.6 years). The reproductive

parameters of the Deosai population are much lower than

these other low-productive populations. The Eastern Brooks

Range, Alaska is the least productive population in North

America, but this is 1.8 times more productive than the

Deosai population. At the other end of the spectrum, the

Scandinavian population has a reproductive rate that is 4.2

times higher than in Deosai.

Table 2 – Comparison of reproductive parameters of the high-altitude brown bear population in Deosai, Pakistan, with
other low-productive brown bear populations, and with the most productive populations yet documented, in Scandinavia

Study area ARa LSb LIc RRd Adult female
weight kg (n)

Cub
survival

Reference (s)

Highly productive populations

Central Sweden 5.2 2.3 2.4 0.96 117 0.65–0.83 Sæther et al. (1998) and Swenson et al. (2001)

Northern Sweden 5.4 2.4 2.6 0.92 120 0.96 Sæther et al. (1998) and Swenson et al. (2001)

High-latitude populations

Anderson-Horton Rivers,

NWT, Canada

6.0 2.27 4.90 0.78 – Case and Buckland (1998)

Kugluktuk NWT 8.7 2.26 3.30 0.87 – 0.81 Case and Buckland (1998)

Nunavut-NWT 8.1 2.2 2.80 0.79e – 0.74 McLoughlin et al. (2003)

Tuktoyaktuk, NWT 6.4 2.3 3.30 0.7e – Ferguson and McLoughlin (2000) and McLellan (1994)

Northern Yukon 7.0 2.0 4.00 0.50e 116 (35) Ferguson and McLoughlin (2000) and McLellan (1994)

West Brooks Range, Alaska 7.9 1.98 4.10 0.48e 117 (35) 0.56 Ferguson and McLoughlin (2000) and McLellan (1994)

Eastern Brooks Range, Alaska 9.6 1.78 4.20 0.42e 108 (31) McLellan (1994)

NW Alaska 6.1 – 3.90 – – Ferguson and McLoughlin (2000)

High-altitude population

Deosai National Park, Pakistan 8.25 1.33 5.7 0.23 73 (4) 0.94 This study

a Mean age of first reproduction (years).

b Mean litter size.

c Mean litter interval (years).

d Reproductive rate/Natality (cubs/reproducing female/year).

e RR calculated by LS/LI.
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Bunnell and Tait (1981) suggested that nutrition is the pri-

mary factor regulating reproductive parameters in bears. The

Himalayan brown bear is predominantly vegetarian with a

low meat content in its diet (Nawaz, 2008). The dietary meat

content and body mass (which is also linked to nutrition,

Hilderbrand et al., 1999) are important indicators for repro-

ductive success and mean litter size in brown bears

(Hilderbrand et al., 1999; Dahle et al., 2006b). Moreover, at high

altitudes available resources and energy intake are low and

cost of metabolism is higher (Mani, 1990; Westerterp and

Kayser, 2006). Therefore, the constrains of high altitude

environment (low productivity, high seasonality, and high

cost of living) together with low dietary meat and relatively

high cost of nursing in brown bears (Farley and Robbins,

1995), have probably reduced flexibility in the life-history

traits by inducing limits on maximum performance. These

limits on life history can be explained by considering physio-

logical thresholds. For instance age of first reproduction

depend on the threshold of a female’s body mass and size

(Bunnell and Tait, 1981; Blanchard, 1987; Garshelis et al.,

1998), whereas litter size is related to female condition

(Craighead et al., 1995; Hilderbrand et al., 1999).

The litter interval depends on the family association, be-

cause female brown bears do not reproduce before young are

weaned (Schwartz et al., 2003a). The family association is

influenced by numerous factors like condition of mother

and offspring, and availability and quality of food resources

(Bunnell and Tait, 1981; Craighead et al., 1995; Dahle and

Swenson, 2003a). From this conditional model we expect a

longer family association from a female in poor condition

living in a low quality habitat. The long family association

has an energetic cost due to prolong nursing (Hilderbrand

et al., 2000), as well as a reproductive cost. The theories of

parent-offspring conflict (Trivers, 1974) and intergenerational

trade-off (Stearns, 1992) predict increased offspring fitness

with this maternal investment, with the following suggested

benefits to the young: (1) maternal care increases growth of

offspring, and in brown bear this effect is more pronounced

in smaller litters (Dahle and Swenson, 2003a), (2) size at

weaning is related to survival and reproduction in mammals,

including brown bears (Zedrosser et al., 2006), and (3) long

family association may reduce mass loss during hibernation

(Dahle and Swenson, 2003a). Among 21 brown bear popula-

tions (from above-cited sources reporting cub survival), cub

survival ranges from 0.34 to 0.96. The average yearling sur-

vival range was 0.58–0.97 in 15 brown bear populations.

The cub (0.800–0.965) and yearling (0.848–1.00) survival in

Deosai population is therefore among the highest reported

for brown bears.

Small litter size reduces reproductive output, but increases

survival of young because cubs are larger in small litters

(Dahle and Swenson, 2003a), and survival is related to size

(Dahle et al., 2006b; Zedrosser et al., 2006). Another advantage

of small litter size is a lower cost of reproduction and nursing

for females, and may have a positive influence on future

reproduction of females (Stearns, 1992), particularly in a

low-productive environment.

In this low-productive strategy, females allocate resources

in a less productive but safer way, therefore spreading risks of

reproductive failure (Ferguson and McLoughlin, 2000), and

increasing the geometric mean fitness of the population

(Yoshimura and Jansen, 1996).

4.1. Management implications

The Deosai population may be connected to the brown bear

populations in Astore and Minimerg valleys, which in turn

are connected with the Neelam Valley and the population in

India (Bellemain et al., 2007; Nawaz, 2007). This movement

between Deosai and adjoining areas has important implica-

tions for conservation, through maintaining gene flow and

influencing demographic processes. The long-term viability

of the Deosai and neighboring populations demands manage-

ment on a broader landscape level. Because some individuals

apparently have home ranges larger than the park, the na-

tional park is too small to ensure population survival in the

long run. We recommend that protection be extended to the

adjacent valleys, while allowing communities to sustain their

livelihoods. These populations are also connected to the In-

dian population (Bellemain et al., 2007), therefore protection

of bears and habitat on the Indian side is equally important.

Cross-border cooperation in this area should be a priority ac-

tion for conservation of bears in the region, which may be a

joint peace park or adjacent protected areas along the Line

of Control. Such an initiative would benefit many other threa-

tened large mammals as well, including the Asiatic black bear

(Ursus thibetanus), common leopard (Panthera pardus), snow

leopard (Panthera uncia), musk deer (Moschus moschiferus),

and Himalayan ibex.

The Himalayan brown bear is distributed throughout high

Asia from Himalaya to Pamir and Tian Shan in small and of-

ten fragmented populations (Nawaz, 2007). Poaching is a sig-

nificant threat to these bears (Roberts, 1997; Schaller, 1977,

1998; Servheen, 1990), and they probably have low reproduc-

tive rates throughout their range. Therefore the best strategy

for conservation of brown bear in Himalaya, as elsewhere, is

to reduce human-caused mortalities, particularly of females.

Upholding a high level of survivorship in the population is a

great effort, which requires the support of local communities

to increase surveillance in the area and take timely action

against poachers. The success of the DNP stresses the impor-

tance of integrating local people in conservation and manage-

ment of PAs. Changes to the legislative and regulatory

framework of the PA that would recognize the rights of com-

munities and provide the framework for community partici-

pation and benefit sharing would promote the involvement

of the local people.
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