
















































































































































































































































































e Potential for generating a fund for conservation projects.
e  Spreads information about Mongolian wildlife issues to an international tourist public.

To protect snow leopards and their mountain ecosystem grazing limitations must be imposed,
predation by leopards on livestock must be reduced or tolerated, and poaching of leopards and their prey
must stop. For herders who have used those areas for generations, such limitations cause resentment and a
lack of cooperation. “IRBIS ENTERPRISES” aims to overcome this by offering herders an incentive to
play a positive role in the conservation of snow leopards.

The project was initiated in response to herder concerns about prices for their raw livestock products
(sheep, cashmere, camel wool and hides). Distance from markets make herders dependent on passing
traders. This project offers the opportunity for herders to make finished products which adds enormously
to the value of the raw materials. Herders work under contracts that specify no poaching of snow leopards,
or their main prey species, tolerance of stock losses to predation by snow leopards, avoidance of critical
lamming and kidding sites of wild ungulates, and reduction or stabilization of herd sizes.

An annual bonus of 20% is payable if all contract conditions have been met, and forms the most
immediate link between income generation and wildlife conservation. The entire community will lose the
bonus if one herder illegally kills a snow leopard, ibex or argali, thus individual incentive is enhanced by
peer pressure. Individual producers will lose bonuses for other violations of wildlife laws or grazing
regulations in the Protected Area Buffer Zones. The project also offers less tangible but important
conservation linkages such as fostering a positive perception of the Protected Area, greater appreciation of
the international interest in local wildlife, and increased awareness of wildlife issues in general.

More than 100 households in Gobi-Altai and Uvs participated in the first year of the project and
nearly 2,500,000 Tugrogs ($2,500 USD) was distributed. Expansion to several new areas in the south Gobi
and around the Great Gobi Strictly Protected Area are planned for 2000.

The project has received interest and praise within Mongolia and internationally. It has been the
subject of newspaper and radio reports within Mongolia. An aspect of the program that separates Irbis
Enterprises from other programs that deal with impacts of predators on livestock is the lack of direct
compensation for losses. Frequently, herders have been compensated when they experience losses to
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predators. This tends to reward poor stewardship of stock. Irbis Enterprises offers economic incentives to
tolerate such losses, but offers no compensation that may lead to relaxed herding practices and ultimately

more livestock losses.
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Table 3-2. Tiered Snow Leopard Management System for various Mongolia land categories within snow
leopard range.

Management Status

Land Category Level 1 Level 2 Level 3
Strict Protected Area

Pristine Zone X

Conservation Zone X

Limited Use Zone* X

Buffer Zone X
National Conservation Park

Special Zone X

Travel and Tourism Zone X

Limited Use Zone X

Buffer Zone X
Nature Reserves

Ecological or Biological Reserves X

Paleontological or Geological Reserves® X
Monuments

Natural Monuments® X

Historic or Cultural Monument® X
Important Snow Leopard Habitat and Corridors® X
All Other Snow Leopard Range X

* When livestock grazing is legally allowed by permit.
® Unless identified as Important Snow Leopard Habitat or Corridors
¢ As designated by MNE after identification by research and surveys.
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CHAPTER 4
STATUS AND CONSERVATION OF THE WILD BACTRIAN CAMEL IN MONGOLIA

Despite the occurrence of domestic bactrian camels (Camelus bactrianus) across much of central
Asia, the continued existence of their likely wild progenitor (C. 5. ferus) was not revealed to science until
the late 1870s when Prejevalski (1879:88-97) visited the Lop Nur region of China. By the end of the 1800s
several expeditions (Groum-Grzymailo 1886, Littledale 1894:446-448, Hedin 1898:192-197, Koslov 1899)
had confirmed the finding and added knowledge of the camel’s biology, habits, and range. The ensuing
decades saw little study of the camel except for the first brief descriptions of its occurrence and range in
Mongolia (Ladygin 1900, Symukov 1937). More detailed studies came in the 1940s when early Joint
Russian-Mongolian expeditions traveled to the Gobi (Bannikov 1945). Hunted for its meat and
exceedingly shy of human contact, their range has been dramatically reduced since their discovery
(Bannikov 1976, Tolgat and Schaller 1992, Hare 1997). Today the world’s remaining wild bactrian camels
persist as a fragmented remnant population in the Taklamakan Deserts of China and the western Gobi
desert of Mongolia .

The plight of the camel is well recognized and they are protected in both countries, and afforded
Endangered status by the [UCN. Half or more of the modern day population occurs in the Transaltai-Gobi
region of southwestern Mongolia (Hare 1997) where camel range falls completely within sector “A” of
Great Gobi Strictly Protected Area (GGSPA). Established in 1976 to reflect then known range of the
camel, the reserve encompasses 44, 190 km’ and is the largest protected area in Mongolia (Anon. 1988). By
Mongolian law, all human activity except research is precluded in the core areas, and only limited uses
such as national border patrol are allowed elsewhere in the reserve. There are no human residents except
the limited military staff at two stations near the Chinese border. The Great Gobi was included in the
UNESCO Biosphere Reserve system in 1991. In addition to camels, GGSPA provides protection to several
other species of large mammals listed in the Mongolian Red Book (Shiirevdamba et al., 1997) including
snow leopard (Uncia uncia), argali (Ovis ammon), and the endemic Gobi brown bear (Ursus arcros).



The environment of the Gobi is extremely harsh with temperatures ranging from —42°to 40°C and
annual precipitation normaily below 100 mm, most of which falls in July and August and can be torrential
(Dash et al. 1977, Zhimov and Ilyinsky 1986:16). Snow is infrequent and quickly sublimated. Not a sand
desert, the Gobi is characterized by a stone rubble, or “hammada” surface, glazed by frequent winds and
baking sun (Bannikov 1976). Much of the Gobi is sloping plains and hillocks, broken by several massifs,
notably the Edringen Nuruu along the northern border, and the Atas-Ingis and Tsagaan Bogd ranges in the
south portion of the reserve. The mountains, foothills and plains are interwoven by a network of dry water
courses or “sairs” which can be scoured by flash floods during the late summer rains. Surface water is
scarce with perhaps as few as 35 permanent oases across the reserve (Bannikov 1976), many associated
with the aforementioned massifs.

Vegetation is sparse across much of the reserve with stunted stands of xerophytic and hyperxerophitic
shrubs and grasses dominating (Zhirnov and Ilyinsky 1986:24-33) The primary desert associations are
composed of saxaul (Haloxylon ammondendron), anabasis (Anabasis brevifolia) ephedra (Ephedra
przewalskii), salsola (Salsola arbuscula) and reaumaria (Reaumuria songarica). In areas of permanent
water, plant communities include riparian scrub forest and mesophytic grass meadows of tamarisk
(Tamarix ramosissima), poplar (Populus diversifolia), reed grass (Phragmites communis) and sedges
(Carex spp). Associations of winter fat (Eurotia ceratoides), bean caper (Zygophyllum xanthoxylon) and
nitria (Nitraria sphaerocarpa) are aiso seen. Large areas support no plant cover at all.

Since the 1940s the status of the wild camel in Mongolia has been the object of a number of studies
and resulted in as many estimates of population size: 300 in1943 (Bannikov 1976), 400-600 in1960
(Tsevegmid 1970), 900 in 1974 (Bannikov 1976), 400-700 in the 1970s (Dash et al. 1977), 500-800 in
1980-81 (Zhirnov and llyinsky 1986:55), and 500-600 in the late 1980s (Tolgat and Schaller 1992). Prior
to 1980 all surveys were accomplished by ground vehicle or camel-back. From 1981 through 1989 annual
aerial counts augmented ground transects. Surveys were extensive, often exceeding 5.000 km per year by
ground vehicle, and 1,500 km by air (Tolgat and Schaller 1992). No aerial counts were made again until
1997 when Reading et al. (1999) surveyed the entirety of the GGSPA and estimated a population of 1985
+/- 802 camels. The magnitude of difference in population estimates between that survey and those of the

1980s is of particular interest, given similar sampling intensity and raw counts. Reading et al. attribute this



to their use of a statistical model that considers sightability at various distances. However, they urge
caution, in that basic model assumptions may have been violated. A critical comparison of the two
survey’s differences is hampered by lack of detail regarding statistical techniques employed by Zhirmov and
Ilyinsky.

Population estimates have varied, but there is general agreement that long-term trends since the early
1980s are downward and recruitment does not appear adequate to sustain camels in Mongolia (Tolgat and
Schaller 1992). Camels have a low reproductive potential, with females reaching sexual maturity at 3-5
years old. Breeding takes place from late January through early March and is followed by a gestation
period of 390-406 days with birth of a single calf in March and April (Novoa 1970). Thus, camels produce
young at best only every second year. Late autumn counts conducted between 1982 and 1989 in the Gobi,
when calves would be about 6 months old, yielded an average of only 4.6% calves. Surveys in 1992 and
again in 1995 found only 1.8% calves (Schaller 1993, Atkins 1996). In China, calves reportedly composed
13.8% of 80 animals in 13 groups in the Lop Nur region, although no season was specified (Gu and Gao,
1985). Hare (1997) observed 53 camels of which 13 were young (24.5%) during late spring surveys in the
southern Taklamakan Desert in 1996. Schaller (1993) suggests that a calf percentage in winter of 10-15%
is required to sustain the Mongolian Gobi population given the low reproductive potential, and natural and
human induced mortality of adults.

Camel conservation efforts in Mongolia during the 1980s included wolf removals, occasional
supplemental feeding, and the initiation of a captive camel breeding program. GGSPA staff killed nearly
40 wolves a year between 1987-1989 (GGSPA records). The harvest was random and opportunistic and
efficacy in regard to survival of camel young in removal areas was not monitored. Overall, however,
survival rates apparently remained low, as the autumn calf component of the herd averaged 4.8% over the
same period.

Between 1987 and 1991 twenty-two wild camel calves were captured at less than one month old and
transported to reserve headquarters at Bayantooroi 50 km north of the SPA boundary (Figure 4-1). Of
these, 13 survived and were raised with domestic camels to create a propagation and transplant program to

augment wild stocks.

85



Research and conservation progress in Mongolia faltered in the late 1980s and early 90s with the
collapse of the communist system, loss of technical and financial support from the Eastern Block, and a
painful shift to a market economy . Efforts to address camel conservation issues in Mongolia were
renewed when the United Nations Development Program (UNDP), with funding from the Global
Environmental Facility (GEF), initiated the Mongolian Biodiversity Project in 1993. The program
included surveys of Gobi wildlife with emphasis on wild camels, assistance in furthering the captive camel
breeding program, and capacity building for the GGSPA. Upon completion of the 3 year program the
GGSPA was again left with limited external support and economic conditions in Mongolia prevented other
than limited research and conservation activities.

In 1996 the GGSPA staff consisted of the reserve manager, one biologist, one botanist, 4-5 support
staff, and 6 rangers for the 44,190 km? sector “A” of the reserve. With vehicular support usually limited to
a single working jeep, one truck, one tractor and 4-5 motorcycles, work within the reserve was often
limited to annual placement of supplement food pellets for Gobi bears in the spring during which time
surveys of wildlife were opportunistically conducted. Fuel availability also limited field work.
Maintenance level continuation of the camel breeding program, and propagation of rare plants around the
reserve headquarters were the only other long-term conservation actions. Management functions included
monitoring semi-nomadic herders who graze under contract with SPA in the buffer zone, and recording of
wildlife sightings by rangers stationed around the reserve borders. Even by Mongolian standards the
GGSPA is extremely isolated with the nearest regional center some 180 km north and across the Altai
mountains. Communications between the SPA and their parent Ministry of Nature and Environment in
Ulaanbaatar is sporadic via poor quality groundline telephone. Overall, management of the reserve is
rudimentary at best.

Recognizing the need to re-establish basic monitoring programs for key Gobi species, especially the
wild camel, we collaborated to initiate a project that would; 1) install basic long-term systematic
monitoring protocols for species of concern, 2) answer the most pressing research and management
questions as identified by SPA staff, 3) be useful as a training exercise for SPA staff, and visiting
Mongolian students and scholars, 4) lead to immediately applicable conservation measures, and 5) be

maintainable at projected internal funding levels, or through development of innovative long-term funding

86



sources. The latter is an important consideration. While aerial surveys and other technologically advanced
activities can add substantially to the immediate body of knowledge for the Gobi, they are not internally
maintainable under current financial constraints. A program of reliable and systematic data collection and
analyses, that would lead to realistic and attainable management recommendations was the goal of this
project.

Methods

Camel Studies

Camel population status and trends were deemed a high priority by staff. We reviewed and revised
camel range maps with current knowledge of seasonally important concentration areas, such as winter and
calving habitat. Survey routes comparable to previous studies were desirable, but no maps or raw data have
been left with the SPA managers from any surveys conducted prior to 1995. This included all of the Joint
Russian-Mongolian Expeditions of the 1980s, during which time the Mongolian counterparts were
primarily scientists from agencies and academies in Ulaanbaatar. Our attempts to locate the Russian survey
maps and data were unsuccessful, but their reports indicated general locations visited. We planned
standardized transect routes that included those sites and that covered as much camel core range as possible
within the constraints of fuel carrying capability of 2 jeeps. Past expeditions had included large trucks for
fuel and supplies. To be financially sustainable by the SPA, we limited each survey circuit to 1000 km or
less and used only jeeps. Each transect was to be visited annually in late summer to be comparable with
past surveys. After new baseline data were established, SPA staff would maintain a monitoring program
and revisit the same transects at one or two year intervals as funding allowed.

In 1997 and 1998 we carried out 2 surveys per year between August 15 and September 15. One
transect was not visited in 1998 until November due to a national fuel shortage in late summer. Transects
totaled 962 km in 1997, and 1345 km in 1998. Two jeeps with 2 to 4 observers per jeep traveled together.
Weather conditions were recorded daily. All mammals of hare size and larger were recorded. Animals at
distance were observed with binoculars or 15-45x spotting scopes. For each observation we noted the time,
odometer reading, species, number of individuals, sex and age-class when known, distance to the animal,
and angle from the transect line. To provide baseline values for trend monitoring we calculated animals per
hour and per km of transect, area surveyed and animals per km?.
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Sighting distance is a function of terrain type and is a critical parameter in calculating area surveyed
and animal density. Viewable or effective strip width for jeep-based camel surveys in the Gobi have
variously been reported in the range of 3-4 km (Zhimov and Ilyinsky 1986:56, Atkins 1996). Use of a
sighting distance frequency histogram to determine where detection probability falls off (Rabinowitz 1993,
Lancia et al. 1996) is a simple method to calculate effective width on line transects, but requires a larger
sample size than we obtained. To aid in our sightability estimates we recorded maximum viewing distance
and terrain type off each side of the transect at 10 km intervals during the 1998 surveys. Viewing distance
was an ocular estimate and was frequently checked by odometer reading. Terrain types distinguished
included steppe/desert, hillocks, and canyon. Mean viewable distance was determined for each terrain type
and effective strip width calculated using percentage of terrain type over the survey routes

Surveys were also conducted at oases. Each jeep transect segment began and ended at an oasis
allowing for evening and morning surveys to be conducted daily. Seven oases were surveyed in 1997 and
six in 1998. Observers were placed at outcrop viewpoints above the oases. All mammals hare size and
larger were recorded as to time of observation, species, sex and age when known, distance and azimuth to
animal.

Standardization of methods is benefited by consistent data collection and analyses protocols. We
designed data forms for each survey type and produced them in both English and Mongolian.
Computerized data storage and analyses methods were taught and standardized report formats provided to
SPA staff.

Our sample size of direct camel observations was small for both jeep and oases surveys, but camel
tracks were frequently encountered during both types of surveys. To augment our estimates of herd age-
class ratios we developed criteria for aging camels by tracks. Known age wild camel tracks at the captive
breeding center in Bayantooroi were used to develop the model. All camel tracks encountered during
summer jeep surveys in 1998 were measured. At oases we walked transects perpendicular to paths of
ingress/egress. Each track encountered was measured and direction of travel noted. To reduce likelihood
of duplication, only tracks in-bound to the oasis were used in age ratio calculations. Ratios of calves,

yearlings, subadults, and aduit age classes were determined.
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Population demographic data were of interest for modeling. We collected all skulls encountered on
surveys and added them to an existing collection at Bayantooroi. We measured skull length, zygomatic
width, and mandible length and height of each skull. Sex was determined by the size of canine teeth. The
first lower incisor was collected and submitted to a laboratory in the USA for cementum annuli aging using
both longitudinal and transverse sectioning. We attempted to build a sex-specific model of skull size and
age to allow aging of skulls by cranial measurements when teeth are not available. This would also provide
SPA staff a skull aging method not reliant on expensive laboratory analyses.

To predict population trajectory under various recruitment rates, we used data generated by this study
and from the literature to produce a simple deterministic model of the Gobi camel population. The model
we developed was spreadsheet based and female driven. We used age specific survival rates for year
classes 1 through 20, at which age all remaining animals died. We used a conservative 0.9 survival rate for
yearlings, 0.98 for all ages up to 16 years (Atkins 1996), and then incrementally reduced it to 0.8 by 19
years. The basic model did not consider fecundity rates. Instead, to mimic recruitment rates seen in the
wild we set the number of calves in autumn as a percentage of herd size the previous spring. To predict
population trajectory under various recruitment levels we used autumn calf percentages of 4, 5, 8 and 10 %,
similar to what surveys have revealed. Survival of autumn calves to yearlings was set at 0.95, the majority
of the mortality for this group assuming to have occurred between birth and autumn. The sex ratio
surviving to yearlings was constant at 50:50. We ran the model using recent population estimates of both
750 and 900 animals at year zero, and a constant overall sex ratio of 1:1.6 males to females (Tolgat and
Schaller 1992).

Our tooth age data suggested the possibiliiy of increased montality for females during the years of first
reproduction and we re-ran the model accordingly using 0.95 survivorship for 4 and § year old females.

We also re-ran the model with a maximum age of 15 to coincide with our maximum camel lifespan as
indicated by tooth age.

To examine the potential for herd growth in the absence whatever factors now limit recruitment, we
removed the forced percentage constraints on autumn calf numbers. Estimates of age specific fecundity
were then required. Domestic bactrian camels have a high incidence of infertility (Novoa 1970), and

Atkins (1996) used a 10% rate when predicting growth of the captive wild herd at Bayantooroi. She also
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assumed first breeding would occur with equal frequency (33%) at ages 3, 4 and S, and a breeding interval
of 2 years in 80% of the females and 3 years in 20%. We used those values and then further reduced
fecundity by 10% per year for ages 16 through 18. Fecundity was set to zero at 19 because death was
forced at 20 and calves born to 20 year olds were assumed not to survive. Using these values we ran the
model under calf survival rates of 40, 50, and 60%.

Wolf Studies

While there is no legal use of the reserve by nomadic herders, they do graze adjacent to the border and
incursions by their livestock occur. As part of a larger study of human-livestock-wildlife interactions in
western Mongolia, we interviewed households who use the GGSPA buffer zone. Livestock number and
depredation rates by wolves and snow leopards for the Edringen mountains along the reserves northern
border were summarized.

Resuits
Camel Range Estimates

Using estimates from SPA staff and other knowledgeable persons we produced a map
of current camel range use in the GGSPA (Figure 4-1). We identified about 21,100 km? of primary range
and an additional 12,200 km? that receives only occasional or sparse use, for a total potential range of
33,300 km.

Recent changes to use patterns include the abandonment of former calving habitat near Khar Kharain
in the north central portion of the reserve. This occurred within the past 4 years and may not be permanent.
It is thought to be a result of reduced water availability in the area. We identified 3 distinct areas of
currently used winter range and a similar number of unique calving ranges (Figure 4-1). Total winter range
was calculated at 2,220 km® and calving habitat at 3,260 km>. We did not include in those calculations
the recently abandoned winter ranger (350 km?) or calving habitat (1,220 km?).

Camel Surveys

Eighty camels were counted during the 2 jeep surveys in 1997 (Table 4-1). The first survey of 293
km took place from 14-19 August and traveled to oases in the northwest portion of the reserve (Figure 4-2)
including Takhilaga Bulag, Maikhan Bulag, On Uul, Otgon Bulag and Togoony Us. No camels were
observed on this route. The second survey was driven between 30 August and § September, totaled 669 km
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and visited the oases in the south-central portion of camel range including Shar Khulst, Bogd Tsagaan
Ders, Baruun Sharga, and returned via Togoony Us. Of the 80 camels observed on this transect, most
occurred between Bogd Tsagaan Ders and Zamiin Bilgeh in the south and included a group of 76 camels
observed at a distance of 4.5 km. A smaller group at that distance may have easily been missed, but dust
from the running herd was readily detected. Whether or not they were running in response to us could not
be ascertained, but we surmise that if we could see their dust, they could see ours and would respond
accordingly. Camels at lesser distances always ran on our approach.

Three surveys were accomplished in 1998 and while total numbers were higher than in 1997, camels
were sighted at a similar rate per kilometer of transect. The first survey was conducted from 24 - 29
August, totaled 485 km and ran from Hyreen Guun to the oases of Shar Khulst, Baruun Sharga and
Togoony Us (Figure 4-2). No camels were observed. The second survey from 7 to 12 September followed
the same northwest oasis route as in 1997. Eighteen camels were seen on this transect in 1998 compared to
none the previous year.

The southerly transect route was not visited until 26 - 30 November in 1998 due to fuel scarcity in
summer. The data must then be compared to 1997 with some caution because the route is within the winter
concentration area. As in 1997 most camels were observed in the area between Bogd Tsagaan Ders and
Zamiin Bilgeh. A total of 118 were counted along 594 km of transect. Many were at distances exceeding 4
km and could not be accurately placed in age classes. Of 27 camels for which age was estimated, 4 (14.8
%) were calves. For all jeep surveys in 1998 the calf percentage of the herd was 11.1%.

Our mean sighting distances of 1.1 km and 4.5 km in the two survey years would produce quite
different estimates of survey strip width if taken alone. To correct for this we estimated maximum distance
viewable and terrain category off both sides of the transect at 59 points during surveys in 1998 (Table 4-2).
Multiplying the mean viewable distance in each terrain type by the proportion of that terrain type
encountered yielded a weighted mean viewable distance of 2.25 km on each side of the road, or an effective
strip width of 4.5 km. Given that we routinely observe camels at far greater distances, this is not likely an
over estimate, and makes terrain the deciding variable.

Transect length multiplied by a 4.5 km strip width yields survey areas in 1997 and 1998 of 4329 km’

and 6053 km’ respectively. Camel density within the surveyed areas was 1.8/100 km® in 1997 and
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2.2/100km’ in 1998. We do not believe these data can be extrapolated to a population estimate until total
current camel range is more accurately defined and stratified by intensity of use.

Oases surveys are summarized for 1997 and 1998 in Table 4-3, and were similar with 2.2 and 2.7
camels per hour and low calf percentages in both years. However, while only S animals were seen at
northwest oases in 1997, 47 animals were found there in 1998 - 43 at Takhilaga Bulag and 4 at Maikhan
Bulag. Of particular interest was the presence of 23 domestic camels intermixed with the wild ones at
Takhilaga Bulag. The presence of large numbers of both wild and domestic camels at that oasis lends
support to GGSPA ranger’s contentions that dry conditions forced use of northwest oases earlier than
normal that year. The southem oasis of Bogd Tsagaan Ders, where 50 camels were seen in 1997, was not
surveyed in 1998.

Camel Demographics

We measured hind-foot track lengths and widths of known age wild camels at the captive breeding
center in Bayantooroi over a two year period. A total of 26 animals of various sex and age classes were
included. The results (Table 4-4) indicate a clear separation of camels track sizes for age classes of calf
and yearling when measured in autumn. We grouped males and females in the calf and yearling age class
for the analysis because of low sample sizes and the lack of significant difference between track sizes by
sex at these ages (p <0.05). However, because no wild camels between 3.5 and 7.5 were available to
measure, the distinction between sub-adults (age 2.5 to 3.5) and adults is not clear. Domestic camel tracks
could not be substituted due to the difference in shape and size (Bannikov 1976, Gu and Gao 1985). For the
model we looked at length alone, and a length + width value. When only track length was considered, the
95% confidence intervals overlapped for yearlings and 2-year olds, and also for 2-year olds and 3-year
olds. There were no overlaps for the combined length + width values and we believe this is the better
model to use for field aging.

Using the combined length + width model as our criteria, we aged 165 sets of wild camel tracks found
on surveys in 1998. There were no calf tracks and only a single yearling’s. Nine sets of racks were
assigned to age category 3.5 - 7.5 years, and the remaining 155 tracks likely came from animals over 7.5

years old.
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Arttempting to gain herd demographic data, we measured the skulls of 36 male and 20 female wild
camels (Table 4-5). Skulls were sexed based on presence of notably large canine teeth in males. Sexual
dimorphism was otherwise not apparent. Age was determined by counts of cementum annuli of 13 females
and 10 males (Table 4-6). Transverse sectioning of the tooth at approximately 1 cm above the root tip was
preferred to longitudinal sectioning of the root tip. Longitudinal sections yielded indistinct and complex
annuli, while in the transverse section annuli condensed more frequently into an identifiable single annulus
(G. Matson, Matson's Laboratory, pers. commun.). Because first incisors in camels erupt at age S
(Ishnyam and Maidar 1988:108), and none of the jaws from which teeth were aged contained deciduous
incisors, our reported ages are equal to the annuli count plus 5 years. Maximum age seen in males was 13,
and females 15.

Correlation between tooth age and jaw measurement was weak in both females (R=0.18) and males
(R=0.38), hence field estimating age from skull size is not yet possible. Jaws are not as commonly found
as skulls, but tooth eruption and wear (Ishnyam and Maidar 1988:102-111) may be the best field age
indicator available. Jaws whose ages were established by cementum annuli count, and jaws from known
age domestic camels, are available to SPA biologists for that purpose.

Population Modeling

When autumnn calf percentages similar to those observed in the wild are input, the basic population
model predicts extinction in a short time. With a 20 year maximum lifespan, 4% calves, and a population
of 900 at year zero, the model predicts extinction in 21 years (Figure 4-3a). With 5% calves, the same
population is extinct in 24 years, and with 8% calves at 50 years. A calf crop of 10% was enough to allow
population growth, exceeding 2,000 individuals at 47 years, absent environmental limitations. A starting
population of 750 and the same calf percentages saw extinction at 21, 22, and 40 years (Figure 4-3b)
Again, a 10% calf crop resulted in herd growth, reaching 1630 animals in 50 years.

Altering the model and using the most optimistic population estimate, that of 1,985 animals (Reading
et al. 1999) and a calf percentage of 5%, which is well above the 3.3% average observed since 1989, the
population still fell to zero in just 38 years.

The model was moderately sensitive to an additional 3% mortality at age 4 and 5 when we attempted

to mimic the loss of some first time breeders as might be suggested by our tooth age data. A population of
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900 fell to zero two years sooner (25 years) than without the added mortality. When we reduced maximum
lifespan to 15 years, as is suggested by tooth ages, extinction was reached at 19, 22, and 33 years under calf
percentages of 4, 5, and 8% respectively.

When we removed the autumn calf constraints and applied instead age-specific fecundity and a 40%
survival of calves to yearlings, the model predicted camel extinction at 52 years. With 50% calf survival
the population was nearly stable, with a modest 1.0065 growth rate. When recruitment was set at 60%, the
population grew at an annual rate of about 1.02S.

Wolf Investigations

Scientific estimates of wolf numbers in the reserve have not been made. Rangers believed that about
6 to 7 wolf packs, each with 5 to 8 animals occur within came! range. In the vicinity of Atas and Ingis Uul,
where camel density is highest, there may be 2 or 3 packs. One pack each are thought to be centered on
Shar Khulst, Mazaalain Shand, Ulzi Bilgeh, and Khar Khairhan  If this estimate is accurate, a total of up
10 56 wolves may exist in camel range.

Wolf removals by SPA staff fell off dramatically in the 1990s, due primarily to financial constraints
on travel. Between 1992 and 1998 a total of only 8 adult and 20 pups were removed from within the
reserve, or an average of 4 wolves per year. This is roughly 10% of the level in the late 1980s when up to
40 wolves a year were killed. In the buffer zone kill rates were higher, with 34 adults and 18 pups removed
between 1992 and 1998. Many kills occurred near ranger’s abodes.

Herders using the GGSPA buffer zone commonly reported an increase in wolf numbers in recent
years. We interviewed 25 families who maintained a total of 298 cameis among their livestock. Over the
time period of 1996 through 1998 they lost an average of 14 (4.8%) of their camels to wolves each year.
The majority of the loss was calves (76%). Snow leopards also took both young and adult camels, but the
losses amounted to only 0.5% per year.

Discussion

We identified about 21,100 km?’ of primary range and a total potential range of 33,300 km®. In 1981

the area permanently inhabited by camels was placed at 28,000 km? (Zhimov and Tlyinsky 1986:55). If this
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that time, but the relationship in terminology is not clear. Their estimate of total camel range is also
somewhat larger than ours.

The observed proportion of young in the Gobi camel herd has remained low since at least 1982
averaging only 4.2% during that time (Table 4-7). Our combined jeep and oasis surveys of 1997 and 1998
show a continuation of that trend with calves accounting for only 4.2% and 5.5% of the herd in those years.
The scarcity of young in the population in the late 1980s was attributed more to poor survival than poor
reproduction (Tolgat and Schaller 1992), given the steady decrease of young animals during the months
after birth. Assuming adequate reproduction, Schailer (1993) strongly suspected wolves were a major
source of calf loss and states that of 89 camel kills examined in the GGSPA in the 1980s, 61% were
definitely attributable to wolves and that camel calf remains appear regularly in wolf feces. Still, this may
not constitute proof as Reading et al. (1999) argue that it is not possible to distinguish between predation
and scavenging. In recent years there have been no spring surveys to similarly document current
reproductive success, and we gathered no direct data on wolf numbers, leaving the question of cause for
low recruitment unanswered.

Wolf censuses have not been conducted in Mongolia, but local herders and SPA staff suggest that
wolf numbers have increased in recent years throughout the Trans-Altai Gobi. Government sanctioned and
funded hunts during the 1970-80s were common across Mongolia, including in areas near the GGSPA.
Economic difficulties in the early 1990s caused wolf eradication programs nationwide to be greatly reduced
or eliminated. The potential for wolf population increases may now exist, and could be the cause of
escalating livestock losses as documented in our herder interviews. If so, the area outside the reserve may
have been wolf “sinks” in the past, but may be “sources” today, or at least not be drawing young dispersing
wolves out of the reserve. This, and reduced wolf removals in the reserve, may have led to higher wolf
densities within camel range since 1990. Interestingly, we have never seen a wolf on our surveys, and
during extensive aerial surveys Reading et al. (1999) saw only 6 animals. We often find tracks of wolves at
oases, but in small groups of 1 or 2 individuals.

Even if wolf numbers increased after 1990, low camel recruitment was apparent nearly a decade
carlier. Schaller (1993) suggests that drought in the 1980s reduced water and forage availability and

concentrated animals around a smaller number of waterholes, making them casier prey for wolves. We
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examined the weather records for both Bayantooroi and Ekhiin Gol, a community on the eastern border of
the reserve at about the same latitude as core camel range (Figure 4-1). Drought years with annual
precipitation below 40 mm are apparent between 1982-89, but returned to normal after that for most of the
1990s. However, records only extend back to 1972 for Bayantooroi and 1978 for Ekhiin Gol, and what
constitutes ‘normal’ for the region is unclear. No comprehensive inventory of springs and oases has been
conducted in recent times and opinions differ on water availability. We noted standing water of 2 to 8 cm
at two oases important to camels in 1997, Baruun Sharga and Maikhan Bulag, both of which were dry in
1998. Similarly, the flow of water at Shar Khulst spring was greatly reduced from 1997 to 1998. The
carly use of springs further north in 1998 and the apparent abandonment of entire calving areas, may bear
out the contention that reduced water availability at core area oases is changing camel range use patterns.
Limited water could conceivably concentrate camels at a lesser number of waterholes, particularly in early
in spring during calving season, when new vegetation has not yet appeared and camels are obligated to
seek water.

If our basic model is correct, about 9.7% calves in auturmn is required to hold the population stable.
Under the hypothetical fecundity rates we used in the unconstrained model this would require survival of
about 50% of calves produced into the yearling age class. The basic model requirements of a 9.7% autumn
calf component is probably accurate, while the fecundity driven model’s assumptions have not been
proven. Clearly more research into the issue of reproductive success, neonate survival, wolf predation,
water availability and each factor’s influence on camels is urgently needed.

Other conservation concems exist for the species. During surveys in 1997 it became apparent that
violations of grazing regulations along the border were common. Livestock were routinely allowed to enter
the reserve, competing with wildlife for forage and for water at natural and man-made water sources.
Livestock remain in the buffer zone beyond periods specified by contract. Inter-breeding between domestic
and wild camels is possible and poaching is a problem, although the magnitude is not clear.

Wild and domestic bactrian camels are genetically distinct (G. Amato, Wildlife Cons. Society, pers.
commun.) and crossbreeding is a concern. The number of wild and domestic camels seen mixing at
Takhilaga Bulag during our 1998 surveys bears out this potential. That oasis is near the reserve border and

use by domestic camels is a longstanding issue. Several domestic camels have been observed deep in the
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core areas of camel range in recent years. Each military border station, well inside the reserve, also
maintains a herd of domestic camels. Domestic males may find it difficult to breed with wild females
(Bannikov 1976, Dash et al. 1977) being much weaker than wild males and easily driven off, whereas
domestic females are often taken into harems by wild bulls. Local herders contend that cross bred domestic
females return from the reserve to give birth and the offspring are usually killed because they are
aggressive and produce inferior wool. However, whether or not crossbreeds become incorporated into wild
herds has not been proven and remains a concemn.

Poaching for meat is also an issue and we found remains of a recently killed wild camel about 150 km
inside the reserve in 1997. The shyness of the animal makes it difficult to approach within a kilometer on
foot or motorized vehicle, which may serve to limit poaching. An added concern associated with mixing
of domestic and wild camels is the potential to reduce wariness in the wild contingent, making them
substantially more vulnerable to poaching. This was evidenced by our being able to walk openly to within
50 meters of a mixed group at Takhilaga Bulag. Losses may also be occurring across the border into
China. In March 1998, 23 wild camels were observed to cross the southern border. Poaching of animals
straying across the border may be more likely given the higher human density and lack of protected area
status on the Chinese side.

Camels are legally protected and the entirety of their range in Mongolia is off-limits to human use, but
other direct conservation efforts for camels are not currently in place. The captive breeding program at
Bayantooroi was established to provide surplus animals to augment the wild herd. While some success has
been achieved and 9 calves produced, the long-term efficacy of the program is questionable. No
comprehensive plan exists. Only 2 breeding age males remain, one of which has never successfully bred.
This will quickly reduce the genetic variability of the captive herd. Atkins (1996) modeled growth of the
captive herd and estimated a population of 50 animals in 10 years with an annual production of about 15
calves. While this would make several animals available each year for augmenting the wild population, the
viability of a transplant program for this species is also not proven. For example, 2 captive bulls that had
become too aggressive to handle upon reaching maturity were taken 250 km into the reserve and released
near Shar Khulst oasis in March 1994. One bull was radio-collared and the other ear-tagged. The collared

bull was never relocated despite numerous attempts. The ear-tagged bull traveled back approximately 300
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km to a site near where he had been raised and was killed by a local herder. Female camels also exhibit
strong range fidelity (Peters 1997) and will travel more than 100 km to give birth in the same site where
they first gave birth, possibly necessitating that only sub-adult females be transplanted. Sub-adults with no
prior knowledge of food or water sources in the desert may experience high mortality. Before more camels
are removed from the wild to provide additional breeding bulls, and prior to investment of added time and
funds, a strategic plan must be developed and transplant procedures tested.

Indirect conservation action has been taken. Our project initiated a community-based conservation
program administered through the GGSPA in 1998 to improve compliance with grazing regulations and
hunting laws, and to foster better relations between the SPA and local herders. The program addresses a
frequent complaint of interviewed herders regarding lack of markets for their sheep, camel and cashmere
wool. Cooperatives were established in 3 soms (rural administrative units) adjacent to the reserve. Herders
were contracted to supply products which are transported by the project to the capital and sold to tourists
under a “wildlife friendly” logo. Herders realize substantial profit and receive an annual cash bonus if
livestock is kept out of the reserve, and buffer zone grazing regulations and hunting laws are followed.
Peer pressure is added in that poaching of large mammals, including camels, results in loss of bonus for the
entire community, and permanent expulsion for the individual. Each year 10% of the profitsgoto a
conservation fund administered by a small board of SPA and the herder representatives. The proceeds will
be used to fund small projects that benefit wildlife and humans in the buffer zone, such as new wells.

The need for direct and indirect conservation actions is, in part, underpinned by the supposition that
camel numbers in the Gobi are declining due to poor recruitment. Yet we must ask, if calf percentages are
as low as surveys indicate, why do we not see a marked decline in animal density over the same period?
Our density estimate of 1.8 to 2.2 camels/100 km? is reasonably close the 2.3/100 km® of 1981-82 (Zhimov
and Ilyinsky 1986:57). Further, if we set year-one of our population model to1982, an initial population of
900 animals with 4% in calves in autumn would have declined to only 150-200 animals by 1998. Range-
wide density would be about 0.7/100 km®. We do not see this.

No matter how lenient we are with the parameters of maximum lifespan, age-specific mortality, and
starting population, calf percentages like those seen in the wild cause the our model to predict a steep

decline in numbers that field surveys do not detect. If recruitment is the most sensitive model value, and
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real-world and model predictions differ, we must consider the validity of our calf percentage estimates.
Researchers using similar survey techniques observed higher calf proportions prior to 1982, so calves are
observable by our methods. Importantly, the low numbers are not the product of a few surveys, and have
been consistent for 17 years across camel range. Track measurements in 1998 also indicated few young in
the herds, and this technique for determining wild camel age ratios has been proven in China (Gu and Gao
1985). The preponderance of evidence indicates recruitment to be low.

We sought to establish a program for the SPA that would allow monitoring of wildlife population
trends within the reserve using systematic, repeatable and financially realistic methods. From a fiscal
perspective we have may have succeeded, but whether or not the monitoring protocols are adequate to
detect anything less than gross changes in animal density is not yet certain. We suspect that camels are
declining, but at a rate slower than thought. This may allow time for proactive conservation measures to be
taken, including wolf reductions under controlled and monitored conditions, and revitalization of water

sources in core areas. However, immediate action is needed..



Table 4-1. Results of jeep-based wild camel surveys conducted in the Great Gobi SPA, Mongolia, 1997
and 1998.

1997 1998

Km surveyed 962 1345
Hours Surveyed na 63.9
Camels observed 80 136
Camels/100 km of transect 83 10.11
Camels/hour of survey 2.13
Age Class’

Adults (%) 63 (78%) 38 (84%)

Yearlings (%) 12 (15%) 2 (4%)

Calves (%) 5 (6%) 5(11%)
Number of groups 3 12
Group size x (range) 26.6 (1-76) 11.3(100)
Sighting distance x (range) 1050 m (200-4500) 4504.2 (100-7000)

* Age class and percentages are calculated using only animals for which age could be estimated. Camels at
great distances were counted, but not assigned to an age class.
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Table 4-2. Estimated observable strip width of jeep-based large mammal transects in various terrain types,
percentages of each terrain type along survey routes, and the weighted average strip widths for surveys
conducted in the Great Gobi SPA, Mongolia, 1998.

% of Mean strip Weighted
Terrain Type n  observations  width (m) SE width* (m)
Canyon 7 119 147.1 97.0 17.5
Hillocks 20 339 748.5 1007.2 2537
Steppe/desert 32 54.2 3640.5 2010.8 1,974.6
Weighted mean ! strip width 2,245.8

* Mean strip width x percent of transect in habitat type.
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Table 4-3. Results of wild camel surveys conducted at oases® in the Great Gobi SPA, Mongolia, 1997 and
1998.

1997 1998

Hours surveyed 278 17.1
Camels observed 62 47
Camels/hour 2.2 2.7
Age Class®

adults (%) 61 (98.4%) 46 (100.0%)

Yearlings (%) 0(0%) 0 (0.0%)

calves (%) 1(1.6%) 0 (0.0%)
Number of groups 12 10
Group size X (range) 5.1(3-9) 4.7 (1-20)
Sighting distance x (range) 3011 m (200-6000) 2033 m (400-8000)

*Qases surveyed: Takhilaga Bulag, Maikhan Bulag, Otgon Bulag, Shar Khulst, Bogd Tsagaan Ders, and
Baruun Sharga (all oases were surveyed in both years with the exception of Bogd Tsagaan Ders which was
surveyed in 1997 only).

®Age class and percentages are calculated using only animals for which age could be estimated. Camels at
great distances were counted, but not assigned to an age class.

102



Table 4-4. Mean track sizes and 95% confidence intervals for known-age wild camels in the captive
breeding herd at the Great Gobi SPA Headquarters, Bayantooroi, Gobi-Altai, Mongolia, 1997-98.

Mean track measurements and 95% confidence interval

Track length only (cm) Total of length plus width(cm)
Age n Mean Min Max Mean Min Max
0.5 7 11.7 10.6 129 21.8 19.9 23.7
1.5 4b 14.3 13.8 14.7 25.8 253 26.2
2.5 3 15.5 14.3 16.7 27.8 27.1 286
35 6 16.0 15.5 16.4 303 29.5 31.1
7.5+ 6 18.0 16.6 194 33.9 31.4 364
* Three males and four females.
® Two males and two females.
¢ All males.
4 All females.
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Table 4-6. Ages at death of wild bactrian camels as determined by cementum annuli counts of teeth
collected from skulls, Great Gobi SPA, Mongolia, 1997-98.

Age Females Males
6 1 0
2 0
3 0
9 1 2
10 0 2
11 0 2
12 3 1
13 0 3
14 1 0
15 2 0
Total 13 10
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Table 4-7. Summarized wild camel survey results from the Great Gobi SPA, Mongolia, 1980-98.

Survey Period Source Total observed Percent young
Summer 1980-81 Zhimov & Ilyinsky 182 13.1
September 1981 Zhimov & Ilyinsky 151 79
December 1981 Zhimov & Ilyinsky 269 12.2
Oct/Dec 1982 in Schaller 1993 189 6.3
Oct/Dec 1983 in Schaller 1993 98 4.1
Oct/Dec 1984 in Schaller 1993 255 47
Oct/Dec 1985 in Schaller 1993 157 38
Oct/Dec 1985 in Schaller 1993 62 3.2
Oct/Dec 1987 in Schaller 1993 440 25
Oct/Dec 1987 in Schaller 1993 322 93
Oct/Dec 1989 in Schaller 1993 183 31
Oct/Dec 1992 Schaller 1993 112 1.8
March 1995 Atkins 1996 S5 1.8
Aug/Sep 1997 This study 142 4.2
Aug/Sep 1998 This study 183 5.5

3 Includes camels observed from both jeep-based transects and oasis surveys.
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Figure 4-3 aand b. Wild camel population trajectories as predicted under various autumn calf
percentages with starting populations of 900 and 750 animals in the Great Gobi SPA, Mongolia.

109



CHAPTER §

STATUS OF TEE GOBI BEAR IN MONGOLIA AS DETERMINED BY
NONINVASIVE GENETIC METHODS

The range of the brown bear (Ursus arctas) is bolarctic and widespread, but has been substantially
reduced over the past two centuries and numerous insular or remnant populations now occur (Servheen
1990). Perhaps one of the least studied and most endangered subpopulations is found in the isolated
massifs of Mongolia’s Great Gobi. The Gobi bear, or “mazaalai” as it is commonly referred to by local
people, is unique among bears in its use of this barren desert niche (Schaller et al. 1993) and its precarious
status is evidenced by its occurrence in the [TUCN and Mongolian Red Books. Protected in Mongolia, the
bear’s range lays almost entirely within the core area of the Great Gobi Strict Protected Area (GGSPA)
which is closed to all but sanctioned research activities. Human disturbance is minimal and bear
management is limited to supplemental feeding each spring. While little investigation of this secretive
species has been conducted, information suggests that as few as 25 animals may remain. Living in the
harsh desert environment, the bear’s continued existence may be precarious. Notably, its range has been
reduced by half since 1970 (Schaller et al. 1993) and only three population centers are thought to exist
(Figure 5-1); limited genetic interchange between them may be further reducing population viability.

The first recorded reports of an unknown bear dwelling in the Gobi come from the notes of
V. Ladygin (In Anon. 1988). In 1900 he found tracks and diggings near Tsagaan Bogd, Tsagaan Burgasny-
bulak, and Shar Khulst, all sites that still support small populations of the bears. Joint Soviet and
Mongolian scientific expeditions in the mid-1930s were unsuccessful in studying the bear due to its rarity
and the first confirmed observations of a Gobi bear did not come until 1943 during an expedition carried
out by the Science Committee of the Mongolian Peoples’ Republic (Bannikov 1954). With the
establishment of the GGSPA in 1975, emphasis was placed on investigating Gobi bear distribution,
population size, and ecology.

Bannikov (1954) suggests the range of the Gobi bear previously extended east to the Tost-Ula
mountains. As late as 1970, the northern border of their range was reported to be near the Edringen
mountains and included the Aj Bogd Range. Currently, the range of the Gobi bear is thought to be
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restricted entirely to Sector A of the Great Gobi Park and encompasses about 15,500 km®. Areas of bear
activity center around Atas Bogd, Shar Khulst, and Tsagaan Bogd mountains and associated oases.
Zhirmov and Ilyinsky (1986) felt that bear home range sizes varied seasonally with food availability, but
remained relatively small and individuals rarely ventured far from oases. Despite the use of radio collars,
Schaller et al. (1993) were unable to estimate actual home range size, but calculated a minimum home
range size of 650 km’ for one male bear with straight line movements exceeding 48 km, taking him far
from the oasis around which his activity centered. There have been no apparent attempts to document
movements of bears between activity centers, thus leaving unaddressed the important question of
population isolates within the range.

Afier apparent declines in the 1970s, population estimates for the bear have been relatively constant
over the past decade (GGSPA records). Zhimov and Ilyinsky (1986) estimated that 25-30 bears remained
in the early 1980s. Schaller et al. (1993) believed this number was still a reasonable estimate after
conducting surveys in 1990, although population parameters remain unknown.

The question of taxonomic status of the Gobi bear has yet to be settled. In contrast to other brown
bears, Gobi bears are relatively small with reports of adults weighing between 100 and 120 kg (Anon.
1988, Schaller et al. 1993). The bear is light brown colored, and the head, belly and legs can be noticeably
darker than the rest of the body, and light stripes or a collar are often discernible about the neck (Anon
1988). Assuming similarity to the Tibetan brown bear (Ursus pruinosus), the Gobi bear is commonly
referred to by the former’s specific epithet, or as U. arctos pruinosus (Mallon 19885, Zhirnov and Ilyinsky
1986). Schaller et al. (1993), having observed both the Gobi bear and the Tibetan brown bear, noted
distinct differences in appearance and question the likelihood of them being the same species or subspecies.
They suggested the Gobi bear is more likely the same subspecies as brown bears that inhabit either the
nearby Tian Shan Mountains, U. a. isabellinus, or the Altai Mountains, U. a. arctos. Sokolov and Orlov
(1992) established the Gobi bear as a distinct species, U. gobiensis. However, they base that contention on
morphological measurements from a limited number of individuals, thus leaving the new taxonomic
distinction questionable. There have been no attempts to deal with the taxonomic question through modemn

genetic analyses.
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The GGSPA and the Mongolian Ministry of Nature and Environment (MNE) recently identified the
Gobi bear as “a species of special concern” and in need of immediate protective measures and additional
research. In 1995, MNE sought funding to capture and radio-collar several Gobi bears for study, and to
move them between oases to facilitate genetic interchange. Given the potential risks associated with
capture, the near impossibility of long-term telemetry studies in the Gobi without aid of aircraft, and the
fact that breeding isolates had not been shown to exist, the project received no support from donor
agencies. Recent advances have led to increased use of molecular genetic techniques to answer such
conservation biology questions (Paetkau and Strobeck 1998, Taberlet et al. 1999). Microsatellites, short
hypervariable tandem repeats of 1-5 nuclear DNA base pairs, have been used in bear research to identify
individuals, access parent-offspring relations, estimate home-range and movements, or to measure genetic
variation within and between populations (Paetkau et al. 1995, Taberlet et al. 1997, Paetkau and Strobeck
1998). Microsatellite analyses can be used with shed hair or fecal samples, making handling of animals
unnecessary. We were able to convince officials to authorize the use such non-invasive techniques to study
the Gobi bear’s status as an aid to responsible conservation planning.

In 1996 we initiated a field study to: (1) establish a minimum population size estimate for Gobi bears
within the GGNP; (2) determine sex ratio of the sampled population; (3) document either movement of
individuals, or genetic material between population centers to determine if population isolates exist within
the GGNP; and (4) initiate preliminary investigation of the taxonomic status of the Gobi Bear.

Methods
Field

Three oasis complexes were identified by GGSPA staff as bear activity centers: Baruun Torooi, Shar
Khulst, and Tsagaan Bogd (Figure 5-1). Each of the complexes contains several individual water holes and
is separated from other complexes by a distance of open desert ranging from roughly 60 km (Baruun
Torooi - Shar Khulst) to approximately 100 km (Shar Khulst - Tsagaan Bogd). We set an initial target of
50 hair samples from each of the oases complexes.

To minimize disturbance of bears, we collected hair samples by use of "hair-traps”. Three types of
traps were used. Barbed wire was strung 30 - 40 cm above the feed troughs of established supplemental
feeding stations. Where no feeders existed we hung bait from trees and strung barbed wire around the
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trunk and out to an adjacent tree or stake. In areas lacking both trees and feeders, we brought in tripods
made of 4-m long logs. Barbed-wire was strung between and wrapped around, the legs of log tripods. Bait
was hung from the tripod apex. We deployed 17 hair traps.

Collection of hair samples was initiated following den emergence in spring 1996 and continued
through late summer 1998. A circuit of more than 600 km by jeep was required to reach all traps; hence,
visits were opportunistic and accomplished in conjunction with other Park work. Baits were refreshed on
each visit.

For each specimen we recorded type of collection device, date, location, and whether or not all the
hairs in the sample were positively from a single animal. For example, multiple hairs pulled from around a
rub tree are possibly from more than one individual, while a clump of hairs on a single barb at a wire trap
are probably from one animal. Sampies were collected using tweezers or sterile rubber gloves and placed
in individual sealed paper envelopes.

Laboratory

For 156 samples initially submitted, analyses were restricted to samples with 5 or more hairs with
roots. This minimum number of roots was chosen as a conservative method to provide enough DNA to
avoid genotyping errors that are known to occur in microsatellite analysis of samples with low quantities of
DNA (Taberlet et al. 1997, 1998, 1999; Goossens et al. 1998). Only 33 samples met this criteria and were
processed. Because the initial collection was small, a second batch of hairs was collected late in the study
with emphasis on gaining multi-hair samples. Forty-two samples were acquired of which 38 had roots and
were processed, including 9 that contained less than S hairs.

All DNA extraction and polymerase chain reaction (PCR) were performed in a low-quantity DNA
rooms dedicated to processing bone, scat, and hair samples to avoid contamination errors. DNA was
extracted from all samples with visible roots. DNA was extracted using 200ul of 5% Chelex solution
(Walsh et al. 1991) and further purified with a Geneclean II Kit (Biol01). A suite of six microsatellite loci
(G1A, G10B, G10C, GI0L, G10X, G1D) of 200 base pairs or less was used for individual identification
(Paetkau et al. 1995). Brown bears have been previously surveyed across North America using these loci

(Paetkau and Strobeck 1998), and a large number of alleles (5-13) have been identified. PCR conditions
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and ABI gel separation methods are described in Woods (1999). Genotypes for each sample were
determined using the Genescan and Genotyper software packages (Perkin Elmer).

Excluding errors in genetic analysis, a difference in genotypes between individuals is proof that they
originate from different animals. However, for samples with identical genotypes, it is possible that they
match for the surveyed loci, but actually represent two different individuals that will have different
genotypes if more loci are examined. Thus, a statistical basis for match declarations must be used. The
probability of identification P(ID) is generally calculated for each locus using pi’ for homozygotes and 2 pi
Ppi for heterozygotes (where pi and pj are the frequencies of the ith and jth alleles), and these single locus
values are multiplied across all analyzed loci to give an overall probability of a match (Woods 1999). This
calculation makes the assumption that samples are drawn at random from a population, and this is a
potential problem for hair-trapping studies of free-ranging mammals due to population substructure and
possible sampling of family groups (Waits et al. 2000, Woods 1999). Therefore, formulae have been
developed to determine the match probability for parent-offspring (Poff) or sibling-pairs (Psib) (Waits et al.
2000, Woods 1999). Generally, these conservative estimators and a statistical criterion of Psib < 0.05 are
used for declaring a match.

All samples with unique genotypes were analyzed to determine gender. This is accomplished by
co-amplification of a ZFX/ZFY fragment (X and Y Chromosomes) and SRY fragment (Y chromosome)
using SRY primers described by Taberlet et al. (1996) and ZFX/ZFY primers described by Woods (1999).
One primer of each pair is fluorescently labeled for quick resolution of the 130 bp X chromosome fragment
and 120 bp Y chromosome fragment on a 5% acrylamide gel using the ABI 377 fluorescent detection
system. All individuals with an X and Y fragment are scored as males, and all individuals with an X
fragment only are scored as females.

The sampling location of each genotype was plotted on a map and digitized for GIS analyses of bear
range extent and movement.

DNA sequencing of a short segment (300 bp) of the mtDNA control region was completed for
three individual Gobi bears, and one brown bear from Kamchatka, Russia using the ProC and Tdkd primers
described in Waits et al. (1998). Phylogenetic relationship of Gobi bears to other ursids was assessed using

these sequences and published control region sequences from North American and European brown bears.
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Cladistic analyses of character state matrices were performed using the computer program PAUP
(Swofford 1991). Heuristic searches of potential trees were conducted using American black bear (Ursus
americanus) as outgroups. Strict consensus trees were produced and used to depict phylogenetic
relationships.

Resylts

Hair samples were not collected in equal numbers from all oases due to difficulties reaching Tsagaan
Bogd, and of the 196 hair samples collected only 22 came from that oasis (Table 5-1). Both Baruun Tooroi
and Shar Khulst were well represented. Of the 196 samples collected 75 were extracted, and of those 30
failed to amplify after repeated attempts and apparently no DNA was recovered. This success rate for
obtaining nDNA from hair (60%) was considerably lower than other samples the laboratories had
processed (generally 80-85%). A complete 6-locus genotype was obtained for 22 samples, 5-locus
genotype for 9 samples, 4-locus genotype for 1 sample, 3-locus genotype for 6 samples, and a 1- or 2-locus
genotype for 8 samples (Table 5-1). A minimum of 3 successful loci were required to identify a genotype.
We obtained no complete genotypes for the Tsagaan Bogd oases.

We identified 15 unique microsatellite genotypes (Table 5-2) which appeared in samples from 1 to 11
times each. Genetic diversity was very low in the Gobi population and no genotype met the standard
criterion for identity of P(sib) < 0.05. Hence, while each genotype represents a minimum of one
individual, we can not say with certainty that the appearance of a given genotype more than one time
represents the same individual.

Genetic diversity for the population was estimated by 3 methods; number of alleles per locus,
expected heterozygosity, and population probability of identity. By all three methods the genetic diversity
was determined to be very low in this population (Table 5-3). The number of alleles per locus ranged from
1 (G10X) to 4 (G1D) with an average of 2.3. Expected heterozygosities by locus ranged from 0 t0 0.71
with a mean of 0.32. Observed values were below expected. The population P(ID) was 0.0139.

Insufficient DNA was available for gender testing in many samples, the priority being given to
determining microsatellite genotypes. Sex was established for only 4 genotypes, 3 male and one female.
Additionally, genotype H was typed as a male 5 times and a female 6 times, indicating that both a male
(tim) and a female (Hf) had the same microsatellite genotype. Hence, 16 unique genotypes occur when sex
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is considered (Table 5-2). Gender tests returned ambiguous results in some instances. We subdivided 2
different field samples and submitted them to the laboratory as multiple unique samples to test genotyping
consistency. Although the microsatellite genotyping proved consistent, both split samples were
ambiguously identified as both males and females in separate trials. The primers used in the sex test are
not species-specific and contamination by human Y chromosomes is possible. That type of error occurs in
less than 5% of PCRs (Taberlet et al. 1996, Goossens et al. 1998) but may have been the cause of the
equivocal results.

A control region sequence of 358 bases from the 5° end was obtained for 2 Gobi bear samples, and a
sequence of 672 bases for a third sample. These sequences were identical in the region of overlap. The
Kamchatka sample yielded a 651-base sequence. We compared these to similar sequences for 16 European
brown bear lineages and 28 North American brown bear lineages. Using the American black bear as an
outgroup, a heuristic search found 450 equally parsimonious trees and a strict consensus tree was
developed (Figure 5-2).

Five clades of brown bears have been previously identified in the literature (Taberlet and Bouvet
1994, Waits et al. 1998). Although several unresolved nodes exist near the terminal taxa, all 5 clades are
clearly apparent in our analyses. The geographic distribution of the 5 clades is generalized by the labels we
applied to the main branches of the tree; Europe, Russia/Alaska, Western Canada, Lower 48, and ABC (for
Admiraity, Baranof, and Chichigof Islands in southeast Alaska). While some overlap exists between the
clades geographically, for the purposes of comparing the known clades with the Gobi and Kamchatka
bears, our broad geographic labels are adequate.

The analyses placed Kamchatka bears into the Russia/Alaska clade. The Gobi bear fell outside of all
known clades. The ABC clade was shown to have diverged from other lineages of brown bears earlier than
other groups, consistent with previous findings (Talbot and Shields 1996). Based on the rates of molecular
substitutions at specific codons of mitochondrial genes, it has been estimated that the ABC lineage
diverged from the line leading to the remaining clades between 550,000 and 700,000 years ago (Waits et al.

1998). The Gobi bear lineage is indicated to have diverged prior to this.

116



Digcussi

Our success rate for obtaining DNA from hair was low and we considered potential reasons for this.
The study area was extremely remote and difficult to access, which meant that visits to hair traps were
infrequent and opportunistic. Hairs may have been exposed to the elements for 3 to 6 months in traps, and
for unknown periods on rub trees. We anticipated that the desiccating conditions in the Gobi would work
in favor of long-term preservation of the hair roots. But lengthy periods of exposure to extreme heat and
cold, and mechanical abrasion by frequent sand storms, may have contributed to the reduced success rate.
The low density of bears also led to infrequent hair captures in our traps, which in tum caused us to rely
more on rub trees for samples. Hairs left at rub trees were often single, and were more likely to be shed
hairs without roots (C. Strobeck, University of Alberta, Edmonton, personal communication). Sample
quality might be improved by placing more traps and monitoring them more frequently.

Two primary goals of our research were to determine a minimum population size and sex ratio for
Gobi bears in the GGSPA. Prior to this study estimates ranged from 25 to 35 animals (Zhinov and
Tyinsky1986, Schaller et al. 1993), with bears nearly equally distributed between the 3 activity centers (B.
Choygin, GGSPA, personal communication). We identified a minimum of 16 bears that occur the Shar
Khulst and Baruun Tooroi oases, or about 70-95% of the number of animals thought to occur at those
oases. Thesexmioofthepopuh!ionreuninsmuchlmclearwithatmon6animalstyped,only2of
which were females. At least one potentially unique allele and genotype were seen in the material from the
Tsagaan Bogd oasis, but those samples provided very little DNA which increases the likelihood of
genotyping error (Taberlet et al. 1999) and we did not feel confident about their validity. Information from
that oases, then, is completely lacking.

Detecting movement of bears between oases was also an important goal of the study. We identified 6
unique bears using Baruun Tooroi and 8 unique bears using Shar Khulst. Two additional geaotypes (G
and Hm) appeared at both oases. Because no P(ID) or P(sib) value in this study met minimum confidence
levels (<0.05), we can not say with a high degree of certainty that the matching genotypes represent the
same individual, or that they indicate movement of bears between oases. However, if interchange was
ﬁequenundwidapmdweshouldhavenenmhmmaofgmotypabdngwmmontoboth oases.
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Genetic diversity in the overall population is low, characteristic of a small inbred population. To what
degree this might be influenced by population isolates within the reserve remains unclear. In only two
other bear populations has genetic diversity, expressed as alleles/locus and expected hetrozygosity, been
reported to be as low as that of Gobi bears: the 5 animals remaining in the Pyrenees, and Kodiak Island
(Table 5-4). Genetic drift operates more rapidly in small populations such as that of the Gobi bear, and
resultant inbreeding depression could make them less fit to survive in their extremely harsh and demanding
habitat.

The non-invasive genetic techniques we used provided little information on sex ratios, or individual
identification that could be used in pedigree analyses or mark-recapture studies. It did provided partial
answers to basic questions about the Gobi bear in terms of minimum population size, movements, and
genetic diversity. We now need to ask how much more the method can add to our understanding. Testing
additional loci might have added information, although in many cases inadequate amounts of DNA were
available. More frequent field collections and more hair-traps may also have improved sample quality and
reduced the chances of genotyping errors. Funding and logistic obstacles precluded any of these measures
during this initial study. Taberlet et al. (1999) wamn that the application of these techniques may be most
difficult for endangered species with low levels of heterozygosity; certainly, this is true in our case.
Continued technological advances may overcome many of the technique’s limitations, but costs will
increase proportionally.

In the case of the Gobi bear, advancement of knowledge through non-invasive techniques will
certainly be costly in financial terms. Yet reverting to capturing and radio-collaring bears could be nearly
as expensive and definitely more risky, especially if the sex ratio is as skewed toward males. Loss of any
reproductive females could be catastrophic. Proactive management, such as capturing and moving bears
between oases to facilitate gene flow is expensive, even more risky, and unlikely to provide any benefit
with an overall population this small. Use of non-invasive genetic techniques, with some modifications to
overcome realized difficulties, affords the best chance of providing information necessary for conservation
planning while putting the remaining bears at the least risk.

With perhaps as few as 25 animals remaining, low genetic diversity, and few females, the Gobi bear is

quite likely headed for extinction. However, research and management decisions must consider not only the
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Gobi bear’s precarious situation, but its uniqueness as well. Our preliminary phylogenetic assessment
indicates that the Gobi bear is distinct from any previously identified clade of brown bear in Europe, Russia
or North America. However, the Gobi bear may be genetically further removed from geographically close
brown bears in Tibet (Massuda et al. 1998) than from their European relatives. Sokolov and Orlov's (1992)
designation of the Gobi bear as a distinct species (Ursus gobiensis) may not be justified, but the bear does
represent a genetically divergent population, which are increasingly being recognized as the appropriate
units for conservation regardless of taxonomic status (Moritz 1994). In some respects the Gobi bear then
represents an anomaly. It is a genetically unique entity on its way to extinction, which would seemingly
call for extreme and urgent conservation measures, such as population augmentation with bears from
nearby Tian Shan range, a possibility that has not been explored. Yet conservation biologists argue for
preserving not just species, but processes, and the loss of the Gobi bear may be an example of such a
natural process. The Gobi has existed in its present form for millennia and this remnant population may
well reflect a natural shift in the species assemblage. The bear was tenacious enough to survive in low
numbers, and the current lack of anthropogenic disturbances deep in the Park allow it to persist.

We believe that current supplemental feeding and the restrictions on human presence in Gobi bear
range should be maintained. Non-invasive genetic appraisal of the population status should continue with
modifications to overcome low success rates. Phylogenetic assessment of the Gobi bear’s standing among
other Ursids, particularly within the region, should be furthered and are essential to determine what

additional conservation measures are appropriate.
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Table 5-1. Success rates for determining microsatellite genotypes from Gobi bear hair samples, by oasis
and for all oases pooled.

Incomplete  Typedat  Genotypes

Oasis Samples Processed PCRFailed genotype® 3+ loci® seen
Baruun Tooroi 55 32 6 3 23 8
Shar Khulst 120 38 21 3 14 10
Tsagaan Bogd 22 5 3 2 0 0
All Oases 200 75 29 8 38 16

? Genotype determined at less than 3 loci.
® Three or more loci genotyped.
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Table 5-2. Genotype, sex, number of appearances, and source oasis of sample.

Microsatellite loci (size in bp)

Genotype GIA G10B GloC GioL GiD G10X Sex Prev? Oasis®
A 191/191  136/136 104/104 143/143 171/177 133/133 M 3 SK
B 1917191  136/136 104/104 143/143 177/177 133/133 2 SK
C 191191 136/136 104/104 143/143 177/179 133/133 F 3 BT
D 1917191 136/136 104/104 143/153 177/179 133/133 1 BT
E 191/191 136/136 106/106 143/143 171/171 133/133 1 SK
F 191/191 136/136 106/106 143/153 177/179 133/133 5 BT
FF 191/195 106/106 143/153 177/179 133/133 1 BT
G 191/191 136/144 104/104 143/143 173/173 133/133 3 BT,SK
Hm 191/191  136/144 104/104 143/153 177/177 133/133 M 6 BT,SK
Hf 191/191 136/144 104/104 143/153 177/177 133/133 F 5 BT
I 1917191  136/156 143/153 173/179 133/133 M 1 SK
J 191/191 106/106 143/153 177177 133/133 1 BT
K 191/191 143/143 171/173  133/133 1 SK
L 191/191 106/106 143/153 171/177 133/133 1 SK
M 191/191 104/104 143/153 171/179 133/133 1 SK
N 104/104 143/143 171/171 1 SK

? Number of times genotype appeared in sample data.
® BT = Baruun Tooroi, SK = Shar Khulst
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Table 5-4. Measures of genetic diversity in various populations of brown, polar, and black bears.

Species Population Alleles per locus® Expected heterozygosity®
Brown bear Kodiak Island 2.1 0.265
Pyrenees 20 0.330
Gobi 23 0.337
Yellowstone 44 0.554
N. Continental Divide 6.8 0.702
Kluane 7.5 0.763
Polar bear W. Hudson Bay 54 0.626
N. Beaufort Sea 6.4 0.643
Black bear Terra Nova Nat. Park 26 0428
E. Slope Canadian Rockies 8.8 0.819
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Figure 5-2. Cladogram comparing known brown bear clades and Gobi brown bears.
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CHAPTER 6
CONCLUSIONS

This study sought to answer several basic yet pressing questions on the status and ecology of 3 of
Mongolia's rarest species; snow leopards, wild Bactrian camels, and Gobi brown bears. Substantial new
information on each species has been gained that will be valuable for conservation planning. Data gaps
remain, and these have been identified along with suggestions for further research. Particular findings or
accomplishments stand out and it may be useful to reiterate these.

The Gobi bear is perhaps the rarest animals in Mongolia, yet one of the least understood. In this study I
made the first attempt to scientifically enumerate the population and detect population isolates within the
GGNP. Noninvasive genetic techniques proved useful and minimized potential impacts on bears, but needs to
be improved and ambiguities reduced. For two of the three activity centers a minimum population size has
been established. Movement between activity centers appears to be limited. This bear exhibits characteristics
of a highly inbred population and is among the least genetically diverse groups of bears woridwide for which
data are available. Phylogenetically the bear is unique among Ursids, and appears distant even to its Asian
relatives. The outlook for the bear is poor. Its continued existence may rest on maintaining the current
management practices of supplemental feeding and nearly complete protection from human impacts.

Wild camels in the Gobi face only a slightly less uncertain future. A valid population estimate has yetto
be made, but the survey system I established with the GGNP staff will allow trend monitoring in a systematic
fashion. [ verified the lack of young in the herds, but the reasons for such low recruitment are unclear.
Population demographics were estimated from limited data, including skulls and tooth ages. Using these and
other estimates, a population mode! was produced that indicates extinction for the species in a short time unless
recruitment is improved. However, camel population estimates have remained relatively constant for more
than a decade, despite low apparent recruitment. Additional research is urgently needed.

Snow leopards were the primary focus of this study and I determined aspects of their ecology in
Mongolia that are unique for the species. Of particular note are the vastly larger individual range sizes and
large-scale movements across expanses of open lowland steppe and desert. Snow leopards in Mongolia appear
to exist on the ecological fringe of their range and, as prey densities would predict, require much larger home
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large-scale movements across expanses of open lowland steppe and desert. Snow leopards in Mongolia
appear to exist on the ecological fringe of their range and, as prey densities would predict, require much
larger home ranges to meet their needs. I refined the estimate for current range in Mongolia and
determined that areas in which it was recently reported to occur are now devoid of the cat, or greatly
reduced. From a conservation-planning standpoint, leopard use of travel corridors between mountain
ranges is of particular importance.

Snow leopards are currently protected in Mongolia, but in practice there was much room for
improvements in laws, education, and enforcement. The understanding of leopard ecology and human-
leopard interactions gained in this study allowed me to propose a comprehensive conservation management
plan for the country. This plan was adopted by government in December 1999, and is the first such species
plan to be established in Mongolia. An implementation schedule was approved by relevant agencies and a
review board was appointed to monitor progress.

In addition to the publishable findings and management plan, this project provided capacity building
at several levels. Long-term monitoring programs for bears, camels and snow leopards are now in place in
the Great Gobi National Park (now Great Gobi Strict Protected Area). Park staff have received exposure to
the international scientific community and literature, and are co-authors of several of the papers (chapters)
presented here. Biologists and managers from most protected areas in Mongolia where snow leopards
occur are now skilled at conducting systematic surveys for leopards and prey, and a national database for
those results has been established. Over the course of this study, several ecology students from Mongolian
universities have been allowed participate, adding much needed practical field experience to their training.

Mongolia, the Gobi in particular, has a unique and rich natural heritage and the three species studied
here represent world-class treasures. Their future is contingent upon responsible management based on a
sound scientific understanding of each species’ status, ecology, and threats. This study was designed and
conducted to contribute to that understanding, and it has gone beyond the basic research to implement

conservation actions.
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