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Introduction
Travel and Research in China’s Highlands

Roads! There are no other paths there than those beaten out by wild
yaks, wild asses and antelopes. We made, literally made, our way, while I
charted the country and captured for the pages of my sketch-book as
many views as possible of glorious mountain giants with snow-capped
peaks and labyrinths of winding valleys.

We penetrated deeper and deeper into the unknown, putting one
mountain chain after the other behind us. And from every pass a new
landscape unfolded its wild, desolate vistas towards a new and mysterious
horizon, a new outline of rounded or pyramidal snow-capped peaks.

Those who imagine that such a journey in vast solitude and desolation
is tedious and trying are mistaken. No spectacle can be more sublime.
Every day’s march, every league brings discoveries of unimagined beauty.

Sven Hedin (1909)

A BLIZZARD IN OcToBER 1985 had covered the eastern edge of
the great uplands known as the Chang Tang with 30 cm of snow. Here
at 4500 m on the high Tibetan Plateau it was crushingly cold as I trudged
across the infinity of white toward a range of hills suspended above the
earth by a low layer of cloud. My goal was a herd of Tibetan wild asses,
or kiangs,' which, my binoculars had revealed, were pawing craters in the
snow to reach the meager grass. Distances are deceptive in these uplands,
and I was still not near the kiangs when cloud and land merged into one.
I was adrift in a white void, the silence astral, able to see only a few meters.
As 1 stood considering my route, a herd of Tibetan antelope, or chirus,
appeared, plodding in a tawny file through the knee-deep snow. There
were males, handsome with black faces and erect horns, and females with
youngsters. A second herd came, and another, all heading mutely toward
the northeast as if floating through space. They passed by, seemingly obliv-
ious to my presence, and vanished like dream spirits into cloud. Where
did they come from? Where were they going? Little was known about the
biology of kiangs, chirus, and other species of the unique large-mammal

1. Appendix A gives the scientific names of wild mammal species mentioned in the text,
and Appendix B lists the bird and reptile species observed in the Chang Tang Reserve.
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community in the Chang Tang. Was their future secure in these remote
uplands? The raw bite of cold seeped into me, but I waited for more herds,
seeking to extend my covenant with species I had come so far and waited
so many years to observe. This was my first visit to the Chang Tang and
I silently resolved to return.

During the early 1960s, I had an opportunity to study wildlife in India.
I had to decide whether to concentrate on the large mammals of peninsular
India, of the Himalaya, or of the western part of the Tibetan Plateau in
Ladakh. Each of these regions has its unique and fascinating faunal assem-
blage, none of which had been studied. Tigers, axis deer, blackbuck ante-
lope, and gaurs, to name just four, inhabit the lowlands. The alpine pas-
tures of the Himalaya support snow leopard and several species of wild
sheep and goats. But the Tibetan Plateau, remote and mysterious, the
home of wild yaks, chirus, and kiangs, intrigued me most. I had read the
travel accounts of Sven Hedin and other explorers. Their descriptions of
the harsh, wind-swept landscape, with its tawny, treeless plains and moun-
tains dusted with snow, lured me on. And especially remote and desolate
was the Chang Tang (also spelled Jhang Thang, Qian Tang, and Qiang
Tang), which extends across northwestern Tibet, the southwestern corner
of Qinghai Province, and north into Xinjiang to the arid Kunlun Range.
The Chang Tang gave me a great sense of unknown possibilities.

The political realities of the time dictated that I concentrate on the
lowlands, and my book The Deer and the Tiger (1967) was the result. Later,
during the 1970s, I roamed widely through the high mountains of Pakistan,
Nepal, and, to a lesser extent, India to provide a baseline of information
about the large mammals, as described in the book Mountain Monarchs:
Wild Sheep and Goats of the Himalaya (Schaller 1977b). Starting in late 1980
and untl early 1985, I continued research on the mountain fauna, this
time along the forested eastern margin of the Tibetan Plateau in the Si-
chuan Province of China. There my Chinese colleagues and I concentrated
on giant pandas, red pandas, Asiatic black bears, and takins, as described
in The Giant Pandas of Wolong (Schaller et al. 1985) and other publications.
However, the longing for a project in the Chang Tang never left me. It
was reinforced by a visit to Lhasa and other parts of southern Tibet in
1980 and by a two-month wildlife survey in eastern Qinghai in 1984. This
survey led to a five-year agreement with Beijing’s Ministry of Forestry to
collaborate in a project on the large mountain mammals of western China.
Our joint work had three major aims: to determine the current status and
distribution of species, with particular focus on snow leopards; to study
selected wildlife populations in detail; and to locate areas that deserved to
become reserves or otherwise receive protection.

Within the purview of our project were the two autonomous regions
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1.1. The general survey region of the project in China and Mongolia and the location of
the Chang Tang Reserve, the main study site. Figures 1.2, 1.3, and 1.4 show the areas in
greater detail. (Scale: 1 cm = 300 km)

of Xinjiang and Tibet, Qinghai Province, and the western edge of Gansu
Province, a total area of about 3,500,000 km- (figs. 1.1, 1.2, and 1.3). When
speaking of Tibet, I refer solely to the autonomous region, whereas when
speaking of the Tibetan Plateau, I refer to the geographical feature, the
huge uplift that is nearly half the size of the United States excluding Alaska.
Although I spent several months in Xinjiang to conduct wildlife surveys
in the Tian Shan (shan means “mountain” in Chinese), Karakoram, and
Pamirs, I concentrated on the Tibetan Plateau. Specifically, I worked
mainly on the great rangelands that cover about two-thirds of the plateau,
most of them above 4300 m, above tree line and agriculture. Of 15 major
field trips to western China, 12 included the plateau. The region we had
to survey was so vast that we could only sample it (fig. 1.3), and even this
took much longer than anticipated. I spent months in the field every vear
from 1984 to 1996 and the task has barely begun (table 1.1).

The original project plans were modified over the vears. Since my local
collaborators were not prepared to remain afield for more than two to
three months at a time, intensive investigations at particular sites were not
possible. Instead our field trips consisted of surveys with occasional halts
at certain places for as long as three weeks. The emphasis of the project
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1.2. The principal mountain ranges and river systems on and adjoining the Tibetan Pla-
teau.

also shifted from snow leopards to the wildlife of the Chang Tang, particu-
larly to the plains ungulates—the chiru, Tibetan gazelle, Tibetan argali,
wild yak, and kiang—and this book concentrates on the natural history of
these species (table 1.2). The chiru became the special focus of our work.
Not only is it the most abundant plains ungulate in the Chang Tang, but
it also defines the ecosystem by its migrations, much as the wildebeest does
in Tanzania’s Serengeti. Although an antelope in appearance, the chiru’s
morphology hints at a relationship to sheep and goats (Pilgrim 1939).
Where do its affinities lie? I was also intrigued by how the various ungulate
species have adapted to and share the sparse forage of the Chang Tang.
Studies on the African savannahs, such as in Serengeti National Park, have
shown that the members of the ungulate community partition the re-
sources to some extent on the basis of plant species, growth stage, plant
part, and other criteria (Sinclair and Arcese 1995). Compared to the Ser-
engeti, the Chang Tang is desolate, with few plant and ungulate species.
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1.3. My travel routes in western China during the project (excluding the Chang Tang Re-
serve) and the major nature reserves in the region.

But that a cold, dry steppe can support a diverse ungulate assemblage was
already shown during the Pleistocene in Alaska, where mammoth (Mam-
muthus), camel (Camelops), musk ox (Symbos), Bison, horse (Equus), and cari-
bou (Rangifer), to name a few, shared an ecosystem (Guthrie 1990). We
can only infer how they did so. The Chang Tang offers a last opportunity
to study a high, cold steppe with its fauna still intact.

Conservation initiatives are usually made in response to crises after
wildlife has been decimated and habitat modified. Plains ungulates are par-
ticularly vulnerable, as the slaughter of pronghorns and bison on the Amer-
ican prairies during the late nineteenth century has shown. The northern
Chang Tang, unpopulated except for a few thousand pastoralists around
the periphery, provided an exciting opportunity to study a whole faunal
assemblage and protect an ecosystem before it was seriously damaged.
Consequently, I worked primarily in the northern Chang Tang of Tibet
from 1988 to 1994 (Schaller 1997).

The research in the Chang Tang provided me with both personal satis-
faction and new information. But in today’s age of environmental destruc-
tion, any project must also consider what it leaves behind. The primary
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Table 1.1 Dates and general locations of main fieldwork on the project

Year Month Location
CHina
Qinghai 1984 7-8 Anyemagen Shan (southeast Qinghai)
1985 9-11 Qilian Shan (southwest Qinghai)
1986 8-9 Anyemagen Shan (southeast Qinghai)
11-12 Burhan Budai Shan (southwest Qinghai)
1993 11 Southwest Qinghai
Xinjiang 1985 5-6 Taxkorgan Reserve
1986 5-7 Taxkorgan Reserve and central Tian Shan
1987 4-6 Arjin Shan and east and west Tian Shan
1988 7-8 Arjin Shan and Aksai Chin
Tibet 1988 8-10 Chang Tang and northeast Tibet
1989 11 Lhasa
1990 7-10 Chang Tang
1991 6-8 Chang Tang
11-12 Chang Tang
1992 5-8 Chang Tang
1993 10-11 Chang Tang
1994 5-6 Chang Tang
1995 10 Southeast Tibet
Inner Mongolia 1996 6-7 Western half of Inner Mongolia
MongoLia 1989 8-9 Gobi Desert and eastern steppes
1989-90 12-1 Gobi Desert and central and west Altay
1990 5-6 Gobi Desert
11-12 Central Altay
1992 10-11 Central Altay and Gobi Desert
1993 7-8 Eastern steppes and Gobi Desert
1994 8 Gobi Desert

aim of our work was to gain the kind of knowledge about wildlife, grass-
lands, and pastoralists that might help them coexist. There are certain
places on earth that are so unique that they must remain undeveloped and
unaffected by greed, that must be preserved without compromise as part
of a country’s natural and cultural heritage. The northern Chang Tang is
one such place. The Tibet Autonomous Region’s government recognized
this, and in November 1992 the establishment of the Chang Tang Reserve
was announced. The reserve consists officially of about 247,000 km"*, but
with another 37,000 km* of protected area contiguous with it to the west,
the total is 284,000 km*. This area was legally established by an administra-
tive permit issued by the Tibet Autonomous Region government dated 19
July 1993. The Chang Tang Reserve is the second-largest reserve in the
world, exceeded only by Greenland National Park, which consists mostly
of ice cap. Actually, the reserve is larger than the official figures suggest.
Independent recent calculations by Daniel Miller and myself indicate that
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Table 1.2 Main carnivores and ungulates of the Tibetan Plateau discussed in this report

Common English name

Scientific name

Tibetan name

Chinese name

CARNIVORES

Lynx Felis (Lynx) lynx yi, amu, dezay, dbyi sheli

Snow leopard Uncia (Panthera) saa, sha, samo, 2k xuebao
uncia

Tibetan brown bear Ursus arctos prui- dom, denro, mi-de zongxiong
nosus

Tibetan sand fox Vulpes fervilata wa, wano shabuli

Red fox Viulpes vulpes wa, Tanmo buli

Wolf Canis lupus changku lang

UNGULATES

Asiatic ibex Capra ibex sibirica sakm, skin (in Ladakh)  baishanyang

Blue sheep (bharal) Pseudois nayaur na, nava, napo, naptk shivang, yanyang

Chiru (Tibetan antelope, orongo)  Pantholops hodgsoni tso, tsi, tsod zangling

Goitered gazelle Gazella subgutturosa  — chouling

Kiang (Tibetan wild ass) Equus kiang kiang yelu

Tibetan argali (nyan) Ovuvis ammon bodg- nyan datouyang, panyang
soni

Tibetan gazelle Procapra pictican- goa, gowa zangynanling
data

White-lipped deer Cervus albirostris sawa, sha baichunlu

Wild Bactrian camel Camelus (bactrianus) — amu, ammon yeluotuo
ferus

Wild yak Bos grunniens drong, dong, yaa yemaoniu

the reserve is roughly 334,000 km~ (128,590 square miles), about 50,000
km* larger than the official size, and this figure will be used here. Whatever
the precise size, the reserve is huge, larger than the state of New Mexico,
or almost as large as Germany.

This book focuses mainly on the results of our work in what is now the
Chang Tang Reserve. In addition, it includes data from other parts of the
Tibetan Plateau and, where pertinent, from other parts of western China
and even Mongolia. A few hundred wild Bactrian camels persist in China
and some wander seasonally up onto the northern rim of the Tibetan Pla-
teau. For political reasons, most of these animals were not accessible to
me at the time. Instead I studied camels briefly in 1989 in Great Gobi
Natonal Park in Mongolia. During six subsequent visits to Mongolia (ta-
ble 1.1), I did research on snow leopards in the Altay Mountains and on
brown bears in the Gobi, and 1 observed Mongolian gazelles, goitered
gazelles, Gobi argalis, and Mongolian wild asses (kulans), obtaining valu-
able material to compare with the same or similar species on the Tibetan
Plateau. One extensive survey in western Inner Mongolia filled the geo-
graphical gap between Mongolia and the Tibetan Plateau.

The project encompassed thirteen years, but the actual amount of time
spent in the field, as measured in number of days between leaving from
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and returning to town, was a meager 6.0 months in Qinghai, 7.2 months
in Xinjiang, and 13.6 months in Tibet, of which about one year was spent
in the Chang Tang Reserve. Total field time was about 28 months, includ-
ing two brief periods in western Gansu and one in Inner Mongolia. How-
ever, my total time in China was 42 months, the difference between the
two representing waits for permits, preparations, and so forth. Visits to
Mongolia totaled 13.5 months, of which 9.1 months were spent in the
field. Thus this report is based on 3.1 years of fieldwork.

It is a sad fact that, because of hunters, wildlife in western China persists
mainly in remote or rugged terrain that is often difficult of access. We
covered great distances by car and occasionally by horse, camel, or yak to
reach potential study sites. Sometimes we selected a site because we had
been told that much wildlife persisted and that it might qualify as a reserve,
and at other times we merely traveled, observing, talking to local people,
evaluating. Often we saw so little that even a hare was worthy of note. For
instance, we traveled 15,250 km by car around the desolate rim of the
Taklimakan Desert and tallied just 18 goitered gazelles. But then, on occa-
sion, we came upon an aggregation of animals that provided a glimpse into
the past as it was a hundred years ago.

To place our far-flung research program in China into perspective and
to provide some historical depth to the obscure and exotic places we vis-
ited, I give here a brief overview of our travels (fig. 1.3; see also the distri-
bution maps of species and other maps for specific localities). These travels
were always done in collaboration with local biologists and officials and
often also with my wife, Kay. They included all months from April into
January, from spring into the height of winter (table 1.1).

Inner Mongolia

Inner Mongolia was once famous for the number and variety of its large
mammals, with argalis abundant in the hills, and kulans, goitered gazelles,
and especially Mongolian gazelles thronging the steppe and semidesert.
In summer 1996, Wang Xiaoming of East China Normal University and
I crisscrossed the western half of Inner Mongolia, west of about 112° E
(the area shown in fig. 5.3). Large tracts consist of stony desert, where
wild camels once roamed, and of shifting sand dunes, those of the Badain
Jaran Desert alone covering 40,000 km*. A number of ranges—the Helan,
Yabrai, Lang, Daging, and others—rise above the plain to an elevation of
2300 m and more, and a few of these have stands of conifers and deciduous
broad-leaved trees. Several of the ranges have, or until recent years had,
unusual assemblages of large mammals, including red deer, musk deer, and
goral, species that one would not expect isolated in desert. This presented
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us with intriguing aspects of animal distribution and, by inference, past
changes in vegetation and climate (Wang and Schaller 1996). However,
the scarcity of wildlife in the region was distressing, with Przewalski’s ga-
zelles extinct and snow leopards almost so, camels, kulans, and Mongolian
gazelles mainly visitors at the Mongolian border, and the others scarce
and fragmented. Unrestricted hunting since 1960 has almost eliminated
one of the world’s great wildlife populatons.

Xinjiang

In Xinjiang we worked mainly in the snow-capped Tian Shan, Kunlun
Shan, and other ranges that ring the Taklimakan Desert on three sides
(figs. 1.2 and 1.3). The sand dunes and rock-littered plains of the Taklima-
kan are almost lifeless except where glacier-fed streams tumble from the
mountains. Such streams soon disappear underground, with perhaps some
Tamarix shrubs to trace their routes. Ancient history still pervades these
desert tracts. There are fortified oases with crumbling walls surrounded
by irrigated fields. And buried beneath the sands of the Taklimakan, a
Turkic word meaning “enter and you will not come out,” are forgotten
civilizations. For over two millennia caravans, pilgrims, and armies care-
fully skirted this fearsome sea of sand as they traveled to and from China
along the Silk Road, as this route became known in the nineteenth century.
The Silk Road began in Xian and Lanzhou and then turned northwest up
the Heixi Corridor of Gansu, following the Great Wall and along an even
greater obstruction, the eastern margin of the Tibetan Plateau. Dunhuang,
the last outpost, was already an important town in the first century s.c,;
it was also a treasure-house of Buddhist frescoes and ancient manuscripts
in Sanskrit, Sogdian, Tibetan, and other languages and became the focus
of archeological raids by foreigners early this century.

North of Dunhuang and Hami is the eastern end of the Tian Shan. We
drove to Barkol, once a fortified town, and from there investigated three
ranges—the Bei Shan, Nan Shan, and Karlik Shan—that rise from the
desert floor at about 1500 m to over 4000 m. Little wildlife remained.
During the Cultural Revolution (1966—1976) commercial hunting was
widespread. We were told that local governments organized communal
hunts during which so many ibexes and argalis were killed that trainloads
of carcasses were shipped east to market.

Driving west along the Tian Shan, we reached the Turfan depression,
at 154 m below sea level, the lowest point in central Asia. Here too is the
ancient town of Yarkhoto; although abandoned a thousand years ago, the
adobe walls of its homes, watchtower, and monastery still stand. In the
central Tian Shan we censused ibex and argali for two weeks in a 750 km*
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block of mountains named the Horendaban Shan. There, as in other parts
of the Tian Shan, we traveled on horseback. The Horendaban Shan is
much less arid than the mountains to the east. Lush alpine meadows extend
up to 3300 m, and spruce (Picea) and birch (Betula) occur in patches.

The highest parts of the Tian Shan, with several peaks exceeding
6500 m, were incorporated into the 3000 km” Tomur Feng Reserve in
1986. The reserve adjoins the border of Kyrgystan. The lower slopes, be-
low 3000 m, have alpine grassland broken by stands of spruce and birch,
and cottonwoods (Populus) grow along streams. Over half of the reserve
consists of barren peaks and rubble-covered glaciers. We found spoor of
snow leopard and a moderate number of ibex during our 12-day survey.

At the western edge of the Taklimakan lies the medieval city of Kashgar
(Kashi), a famous trading center, a crossroads from which caravans laden
with textiles, ivory, glass, fur, and iron once departed in all directions. In
the thirteenth century, Marco Polo found there “very fine orchards and
vineyards and flourishing estates.” Now only the covered market with its
many stalls and tea shops and its throng of Kazaks, Uygurs, Tajiks, and
others in traditional clothes still has that ancient aura.

The Karakoram highway leads south from Kashgar and generally fol-
lows one branch of the Silk Road. The highway passes the glacier peaks
of Kongur and Muztag Ata, both over 7500 m high, skirts the ruins of a
fort at Taxkorgan, and continues up and over the Khunjerab Pass into the
Hunza Valley of Pakistan. There, where the frontiers of China, Pakistan,
Afghanistan, and Tajikistan meet, is the 14,000 km- Taxkorgan Reserve.
We spent over two months in the western half of the reserve to survey
wildlife in the remotest tracts. The surveys included the rolling Pamirs,
home of the last Marco Polo sheep in China; the rugged Karakoram
around the Mintaka Pass, meaning “the place of a thousand ibex,” a re-
nowned place of hardship for caravans struggling south on the Silk Road;
and the desert canyons of the Kunlun Shan bordering the Yarkant River,
where we especially sought blue sheep.

From Kashgar eastward the road hugs the base of the Kunlun Shan for
over 1000 km as it passes through the oases towns of Shache, Yecheng,
Hetian, Yutian, Minfeng, Qiemo, and Ruoqiang. These towns, listed in
the same order, were once called Yarkant, Kargilik, Khotan, Keriya, Niya,
Cherchen, and Chargalik, names that are part of history. In 1865 the Brit-
ish surveyor William Johnson reached Khotan, the first European for cen-
turies to enter that region, which under the Ming Dynasty (1368-1644)
retreated into obscurity and isolated itself from the West. Nearly a hun-
dred years ago, Sven Hedin wandered the Taklimakan around Keriya and
Cherchen, and Aurel Stein sought lost cities beneath the shifting sands of
Niya. Nikolai Przewalski passed through Chargalik in 1877, making that
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same year the scientific discovery of wild Bactrian camels in the nearby
Lop Nur area.

The Kunlun Shan and its eastern branch, the Arjin Shan (known as
Altun Tag in Uygur), delineate the northern border of the Tibetan Pla-
teau. South of Ruoqiang lies a large basin between two ranges, the Qiman
Tag and Arka Tag. This area, 45,000 km” in size, was designated as the
Arjin Shan Reserve in 1983. It is contiguous with Tibet’s Chang Tang
Reserve. The National Environmental Protection Agency, which adminis-
ters Arjin Shan Reserve, did not allow us to enter, but we made extensive
surveys west and north of the reserve. In 1987, we headed south toward
Muztak, an ice dome 6973 m high, on the Xinjiang-Tibet border. For
nearly three weeks we had the atavistic pleasure of traveling by camel cara-
van in the manner of the Russian explorers Nikolai Przewalski, Pyotr Koz-
lov, and V. Roborovsky, who had crisscrossed this region a century or
more before. After surmounting the Kunlun Shan, here so desolate that
the sight of a bird elicited comment, our caravan reached the high plateau,
where chirus and kiangs occurred in modest numbers but wild yaks were
rare. A year later we surveyed an area north of the reserve, the Akoto Shan,
or Yiistipalik Tag, especially for Tibetan argalis.

Qinghai

West of Xining, the capital of Qinghai Province, the road soon winds up
onto the grasslands of the Tibetan Plateau. This great pastoral area is in-
tensely green in summer, and the blossoms of buttercups, forget-me-nots,
louseworts, gentians, polygonums, asters, poppies, and potentillas, to name
a few, add vivid color. There in a huge basin lies Qinghai Hu, the Blue
Sea Lake, as the Chinese call it; the Mongolians, who have lived here for
centuries with the Tibetans, know the lake as Koko Nur, also Blue Lake.
Twice, in 1984 and 1986, we drove south through eastern Qinghai (figs.
1.2 and 1.3). Along the way we camped near Hei Hai Hu (Black Sea Lake),
also known as Donggi Co or Tossum Nur. This lake lies at the edge of
the Anyemaqen Shan, as this most eastern extension of the Kunlun Shan
is known. The highest peak in this range, though a mere 6282 m, was once
thought by several Western travelers to be the highest mountain on earth.
We worked for a total of about three weeks in this range, both in Qinghai
and the part that extends into Gansu, principally on blue sheep and snow
leopards.

The Anyemagqen region is the heartland of the Golok, a Tibetan people
who were once known for their harassment of all outsiders. Przewalski’s
expedition of 1879-1880 was assaulted: “They rushed to the attack with
yvells. The hoofs of their steeds sounded hollow in the damp soil, their
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long spears bristled and glistened, their long cloth robes and black, floating
locks streamed behind them in the wind. Like a cloud, this savage, blood-
thirsty horde dashed upon us” (letter dated 8 August 1884, quoted in Rock-
hill 1891). And as recently as 1948, Clark (1954) had a similar encounter.

The rich grasslands south and west of Anyemaqen Shan, around the
source of the Yellow River and the twin lakes of Gyaring and Ngoring,
were according to Rockhill “the most wonderful hunting ground in Asia”
(1891). Even in 1947, Migot found “a tremendous lot of wildlife in this
region, which is in effect a sort of sanctuary undisturbed by man. Herds
of yaks, wild asses, and gazelles were all quite easy to get near” (1957).
But roads were built through the area during the 1950s, and today the
wild yak is gone and one encounters only a few Tibetan gazelles and occa-
sional kiangs. Instead there is much livestock, at an average density of
about 40 head per square kilometer of pasture.

Yushu, once called Jyekundo, lies in southeast Qinghai. The town clus-
ters around a hill that was once crowned by a large monastery. Destroyed
during the Cultural Revolution in the late 1960s, like so many others, the
monastery was a melancholy shell, though it was being rebuilt. From
Yushu we drove west to the county town of Zhidoi. “Road workers, offi-
cials, and the military have shot all wildlife near the roads,” we were told.
“You must go away from the roads.” We did. We sought distant valleys
but found few animals except herds of blue sheep on small isolated ranges.
We often met herdsmen, rifles slung over shoulders. On a subsequent trip
we visited Zadoi, an area with many rugged limestone massifs, most no
higher than 5500 m. Lush pastures surround these massifs, and gnarled
juniper (Sabina) forests grow on some slopes. The landscape was so pleas-
ing and the pastoralists so hospitable that we spent a month on horseback
exploring north and south of Zadoi, mainly in the drainage of the Za River,
a tributary to the Mekong. We found a moderate number of blue sheep,
some white-lipped deer, and widespread sign of snow leopard.

To reach the Qilian Shan in the northeast corner of Qinghai, we drove
up the Heixi Corridor of Gansu and then ascended the range on a track
that leads to a sulfur mine. The Qilian Shan and the ranges that parallel
it—the Tulai, Yema, Shule, and Danghe Nanshan—are haggard, a maze
of eroded slopes and stony defiles, gray, sienna, and ocher in hue. There
is little vegetation at low elevations, but beginning at about 3300 m, Epbe-
dra and Caragana shrubs appear, and above 3800 m are alpine meadows.
We selected a mountain block of 610 km-* between the Shule and Tulai
Nanshan for intensive work. By camel and on foot we censused blue sheep,
white-lipped deer, and other wildlife for three weeks.

From the Qilian Shan we drove to Dunhuang in Xinjiang and from
there south across a low pass of the Arjin Shan back to Qinghai into the
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desolate Qaidam Basin and on to the town of Golmmud. Over a century
ago, Przewalski noted that “large animals are, however, scarce in T'saidam”
(Prejevalsky 1876). South of Golmud the Burhan Budai Shan, as this part
of the Kunlun Shan is called, presents a barrier to the high plateau beyond.
We spent several days in the Burhan Budai Shan in 1985 and 1986, but
our main goal each year was the Chang Tang. High, bleak, and lonely,
the Chang Tang extends from about the Golmud-Lhasa road westward
for over 1200 km to western Tibet. Most of the area lies above 4500 m.
The vegetation consists of a sparse cover of grasses, sedges, forbs, and low
to procumbent shrubs. The Golmud-Lhasa road follows an old caravan
trail for much of its route. Over a century ago, William Rockhill, Nikolai
Przewalski, and several other explorers used this route in their unsuccessful
quest for Lhasa, the holy sanctuary of Tibetan Buddhism and the home
of the Dalai Lama.

During the winters of 1985 and 1986, along some 300 km of road, we
censused chiru, kiang, and Tibetan gazelle between the Kunlun Pass in
the north and Tanggula Pass in the south. With the communides of Wu-
daoliang and Tuotuohe as a base, we also traveled cross-country east and
west away from the road. The first year we arrived just after an October
blizzard had blanketed the region, followed by temperatures that dropped
to —40°C and lower. Much wildlife and livestock died of starvation. We
made a nine-day trip east of the road during this period and surveyed about
400 km from a tractor-pulled wagon. The responses of animals to condi-
tions of particular severity were instructive to observe, but the trip was
more an exercise in hardship than research. On a visit to this area, Przewal-
ski reported that “in February 1870 a caravan which left Lhassa [sic] 300
strong, with 1,000 beasts of burden, in a violent snow-storm followed by
severe cold, lost all the animals and fifty men besides” (Prejevalsky 1876).
The following year, 1986, was snow-free but the wind was so strong and
the cold so biting that gusts whipped my scope and tripod away unless I
held them firmly while watching chirus, and my eyeballs began to freeze.

In 1993, we returned for a brief visit to investigate the wildlife in the
upper Tuotuohe Valley. There are plans to place the southwest corner of
Qinghai under the administration of Tibet, and we hope that the Chang
Tang Reserve will be extended eastward to include the Tuotuohe Valley
and adjoining region.

Tibet

The forested maze of mountains in eastern Tibet was not part of my pro-
gram and I only penetrated this area along the western margin in 1988
and 1995 (fig. 1.3). The valley of the Yarlung Tsangpo in southern Tibet,
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from the longitude of Lhasa westward, is heavily populated and there are
many fields of barley, wheat, and rape. Wildlife persists locally between
the Himalaya and Gangdise Shan to the north, but I did no research in
these mountains. In 1990, we drove west up the Yarlung Tsangpo and
beyond the headwaters into the valley of the Indus. Mount Kailas (Kan-
grinboge), sacred to both Hindus and Buddhists, was in cloud. However,
Gurla Mandhata rose with crystal clarity to 7694 m beyond the waters of
holy Mapam Yumco (Manasarowar), the “Lake of Supreme Conscious-
ness.” At intervals along our route to Shiquanhe, the administrative center
for western Tibet, we stopped to query pastoralists about wildlife in the
nearby mountains.

North of the Gangdise and Nyainqentanglha Ranges and west of about
95° E lies the Chang Tang, covering over half of Tibet. I visited various
parts of the Chang Tang, from the eastern edge, where it grades into for-
est; west to the marshes around Xianza, known for their black-necked
cranes; and on to the holy lake Tangra Yumco and the high pastures near
Cogen. But I concentrated on the most remote and sparsely populated
part, north of about 32° N, north of a road that crosses the Chang Tang
from Nagqu west past Siling Co (co means “lake” in Tibetan) and the
county town of Gerze to Shiquanhe. Much of the area north of this road
is now within the Chang Tang Reserve (fig. 1.4).
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1.4. My travel routes within the Chang Tang Reserve (1988-1994), showing areas sur-
veyed for wildlife. Important lakes and peaks are also indicated.
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I first entered the Chang Tang from the west. We had driven from
Kashgar in Xinjiang to Yecheng and then into the mountains where a road
ascends a desolate valley hemmed in by the Kunlun on one side and the
Karakoram on the other. Suddenly, on cresting a ridge, the Tibetan up-
lands spread before us, rumpled brown hills and flats extending eastward
to the horizon. Snatches of white cloud streamed overhead. This was the
Aksai Chin, a disputed tract which China had annexed from India in 1962.
Beyond the Aksai Chin the road turns south to Rutog in Tibet, an oasis
of fields among sterile hills. Nearby was Panggong Co, fjordlike and 150
km long, with a small island upon which hundreds of brown-headed gulls
nested. Heading northeast of Rutog, we drove cross-country past Luma-
jangdong Co to Aru Co (fig. 1.5). On 20 July 1891, Hamilton Bower and
W. Thorold, two British army officers on a spying mission, were the first
westerners to behold the lake:

Over a pass 17,876 feet, and then down a long narrow valley which suddenly
debouches on Lake Aru Cho (17,150 feet),—a fine sheet of water running
north and south, salt like nearly all the Tibetan lakes, and of a deep blue
colour. To the south-west and north-west some fine snowy mountains rise
up into the blue sky, while on the east low undulating barren-looking hills
are seen. In every direction antelope and yak in incredible numbers were
seen, some grazing, some lying down. No trees, no signs of man, and this
peaceful-looking lake, never before seen by a European eye, seemingly given
over as a happy grazing ground to the wild animals. (Bower 1894)

Their expedition continued east across a narrow isthmus between Aru
Co and Memar Co. Two subsequent expeditions, one led by H. Deasy in
1897 and the other by C. Rawling in 1903, visited the lake (see Deasy
1901; Rawling 1905), and after that no other westerners did so until our
arrival in 1988. To my delight “the happy grazing ground” that Bower
had observed 97 years earlier still existed. We spent a mere three days in
the Aru Basin, but I was determined to return. Fortunately we were able
to revisit the basin in 1990 and 1992 to spend a total of 39 days there (fig.
1.6). During our surveys in the Chang Tang we never found a site to equal
the Aru Basin. It offered the tranquil beauty of its snow-capped peaks and
turquoise waters and, above all, the wildlife, particularly the many wild
yaks that became, for me, the totems of this wilderness.

Cross-country travel is possible in most parts of the northern Chang
Tang. In winter, when the ground is dry and streams are frozen, such
travel is easy, whereas in summer heavy precipitation may leave the soil
so sodden that a vehicle all too often sinks to the axles. A day or two may
then be spent digging, an onerous exercise at 5000 m. Everything we might
need for two months or so had to be brought with us, including gasoline
and food, though we occasionally supplemented our diet by buying a sheep
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from a herdsman. We usually required two cars—we relied mostly on Toy-
ota Land Cruisers—and a large truck to carry supplies (fig. 1.7).

While traveling we constantly scanned the terrain for large mammals
and recorded all those we saw. However, visibility of species differs mark-
edly. A wild yak on a hillside can readily be spotted at 5 km, whereas a
Tibetan gazelle may be overlooked at a few hundred meters. To derive a
measure by which to compare species density in different areas, we tallied
all ungulates in strips of 300 m on each side of our travel route, a transect

1.5. A satellite photograph (viewed southeast to northwest) covering about 55,000 km in
the western part of the Chang Tang Reserve. The four-fingered lake is Lumajangdong
Co. The Aru Basin is right of center near the bottom, with Aru Co just south of Memar
Co. The glacier-capped Aru Range forms a barrier between Lumajangdong Co and the
Aru Basin. Just northwest of the Aru Basin is Luotuo Hu, and the glaciated massif to the
northeast is Toze Kangri. The large Gozha Co is in the upper central part at the edge of
the photograph.
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1.7. We are camped in the eastern part of the Chang Tang Reserve with a view south to-
ward the Purog Kangri massif. (June 1994)
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width of 600 m. Animals were checked with a 20-power scope for age, sex,
and other information. They tended to be shy even in the most remote
areas because motorized hunters penetrate deeply into the Chang Tang;
indeed, between 1988 and 1993 wildlife in general seemed to become ever
more skittish. Chirus and wild yaks may flee from a vehicle at a distance
of 1 km or more. We often worked on foot to watch undisturbed animals
as well as to study vegetation and census wildlife in precipitous terrain.

We traveled by vehicles rather than by pack animals in the Chang Tang
in part because we could in a few months survey terrain that would have
taken a nineteenth-century explorer several years. Even so, our ventures
retained an aura of exploration. When I walked the shore of Heishi Beihu
or gazed upon Burog Co, its waters hidden high among the peaks of the
Zangser massif, I knew that no westerner had been there before me. Few
westerners have penetrated what is now the Chang Tang Reserve: just 14
expeditions since Henri, Prince d’Orléans, and Gabriel Bonvalot (1892)
crossed from north to south in 1889 (fig. 1.8). Most of these travelers,
including Sven Hedin, who made three journeys, sought the Holy Grail
of Asian explorers, the city of Lhasa. But Tibetan troops deflected them
all near Siling Co, Nam Co, or Nagqu, and this era of exploration ceased
in 1908 for political reasons. In 1950, the American Frank Bessac fled from
the Communist army in Xinjiang south across the Chang Tang accompa-
nied by another American and three White Russians. Attacked by Tibetan
border guards north of Siling Co, only Bessac and one White Russian
survived to reach Lhasa (Donner 1985). Because several of these expedi-
tions provided valuable historical information about the wildlife in that
region, I have indicated their approximate routes in figure 1.8. In recent
years a number of Chinese expeditions, especially from the Academy of
Sciences and the Tibet Forest Bureau, have traveled in the Chang Tang,
and some collected data on the fauna and flora (Research on Flora and Fauna
1979; Feng, Cai, and Zheng 1986; Feng 1991a, 1991b; Zhen and Liu
1994).

Several more points need comment. I mention many mountains, rivers,
towns, and other geographical features with obscure names. These are
made even more obscure by the fact that each may have more than one
spelling and even two or three different names, depending on whether the
Tibetan, Uygur, Chinese, or Mongolian language is used. Maps of western
China characteristically have a hodgepodge of old and new ethnic names,
as well as names whose origins are difficult to fathom. Explorers had a
proclivity for naming places in honor of someone—the Arka Tag was
changed to the Columbus Range, Gozha Co to Lake Lighten, and Bairab
Co to Lake Markham—but fortunately such names had only a fleeting life
on some foreign maps. In general, [ use current names with the simplest
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spellings, and most localities are shown on the maps in this report.
Research in China and Mongolia is always done in full cooperation with
local institutions and biologists. Many individuals contributed to the re-

search on which this book is based. Those who assisted with gathering

data are joint authors of previous scientific papers or have been acknowl-
edged in those papers (see the references section). In Tibet, the research

was done under the auspices of the Tibet Forest Bureau and the Tibet

Plateau Institute of Biology. Gu Binyuan of the Tibet Plateau Institute
of Biology and Liu Wulin of the Tibet Forest Bureau were my principal

coworkers and their contribution is evident from our joint reports (Schaller

and Gu 1994; Schaller and Liu 1996). I usually worked with local biologists
only, but in 1993 and 1994 our team was joined by Daniel Miller, an Amer-
ican range ecologist now with the International Centre for Integrated
Mountain Development in Nepal, to look specifically at the impact of live-

stock on the rangelands of the Chang Tang Reserve (Miller and Schaller

1996, 1997).

An estimated 12 million yaks and 30 million sheep and goats inhabit
the pastures of the Tibetan Plateau (Clarke 1987). Livestock and wildlife
have adapted to each other and coexisted there for several thousand years
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1.8. The approximate routes of all Western expeditions that traversed the Chang Tang
Reserve (1892-1908, 1950). Three journeys by H. Deasy (1896-1900) in the western part
are not indicated because his routes were similar to those of C. Rawling.
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in a more or less sustainable interaction that remains little studied. The
fact that both have subsisted together for so long in the Chang Tang testi-
fies not only to the resilience of the wildlife and the ecosystem but also
to the ecologically appropriate grazing practices, based on a complex sys-
tem of seasonal rotation and pasture allocation, that were developed by
the nomads (Goldstein and Beall 1990). However, traditional grazing strat-
egies have in recent decades been affected by population growth, govern-
ment reform policies in land tenure, an emphasis on increased livestock
production, and development such as the construction of fences. As a con-
sequence, some rangelands outside the reserve have been degraded and
the rest are coming under even greater pressure. Wild ungulates are now
increasingly viewed as competing with domestic ones for forage. But the
past has shown that, if properly managed, livestock and wildlife can coexist.
The challenge is to maintain a well-adapted system of grazing practices
together with the unique wildlife on a sustained basis (see chapter 15).

Over three decades have passed since I first thought of a wildlife study on
the high Tibetan Plateau, years during which I did research on three dis-
tinct large-mammal faunas in the adjoining regions—but not in the one
that had for so long been my private quest. With persistence, luck, and
generous support from China, I was finally able to conduct that project
also. The species accounts in this book are fragmentary and in places have
an aura of nineteenth-century natural history, a product of the sporadic
and superficial way the project had to be conducted. But they do provide
new information and an overview of the unique assemblage of large mam-
mals on the great rangelands of the Tibetan Plateau, biologically still one
of the least-known regions on this planet.

The existence of the Chang Tang Reserve indicates that China is con-
cerned about its natural heritage. And it is my fervent hope that our re-
search in the Chang Tang and this book will contribute in a small way so
that the chiru and kiang and wild yak can continue to roam in security
and freedom across the roof of the world.
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The Tibetan Plateau

This center of heaven,

This core of the earth,

This heart of the world,

Fenced round with snow,

The headland of all rivers,

Where the mountains are high and

The land is pure.

Anonymous Tibetan poet (eighth to ninth century)

WITH 85% of 1Ts landmass lying above 3000 m and 50%
above 4500 m, the Tibetan Plateau is the highest and most imposing such
area on earth, higher than any part of the United States except for a few
peaks in Alaska. Some 2.5 million km’ in size, it has the shape of a gigantic
teardrop lying on its side, the larger end in the east (fig. 1.2). This plateau,
remote and high and hemmed in by mountain chains, has long been a
barrier between the civilizations on the Indian subcontinent and those in
China and central Asia. The Himalaya guards the southern rim of the
plateau in one continuous sweep of 2250 km, each end marked by a massive
mountain, Nanga Parbat on the Indus in the west and Namjagbarwa at
the great bend of the Yarlung Tsangpo in the east. Beyond Namjagbarwa
the mountains fold south and east through northern Myanmar (Burma)
and the deeply eroded river gorge country of Yunnan. The northern
boundary of the plateau is formed by the ramparts of the Kunlun and Arjin
Ranges and, farther east, by the Qilian Shan. The western tip vanishes
into a knot of bristling peaks where the Himalaya, Karakoram, Kunlun,
and the more gentle Pamirs meet. The eastern boundary extends from the
western edge of Gansu southward into Sichuan, where the plateau consists
of a tossed sea of ridges and deep valleys.

The plateau has a distinctive geologic history, an understanding of
which has relevance to today’s distribution of plant and animal communi-
ties. Asia grew from various collisions of drifting fragments of the earth’s
crust. Over 300 million years ago the crustal block that is now the Taklima-
kan Desert collided with Asia, and the two were sutured together, the im-
pact forming a mountain range where the Tian Shan now rises (Molnar
1989). Other such blocks, from north to south, are the Kunlun block, with
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a suture that runs near Wudaoliang just south of the Burhan Budai Shan
in Qinghai; the Chang Tang block, with a suture near Amdo south of the
Tanggula Shan; and the Lhasa block, with a suture in the valley of the
Yarlung Tsangpo. At one time this valley was the southern edge of
the Asian continent (Chang et al. 1986). The plateau was thus cobbled
together with a number of crustal fragments. The area was then above sea
level but of low relief, except perhaps for a mountain range at the southern
rim where now the Gangdise Shan is located (Harrison et al. 1992).

In the mid-Cretaceous, around 130 million years ago, the Indian sub-
continent broke away from the southern continent, Gondwanaland, and
drifted northward. As it approached the southern edge of Asia, the deep-
sea ocean crust slipped under the edge of the Asian continent. Intrusions
of granite forced upward from a molten crustal material and volcanic activ-
ity raised the precursor of the Gangdise Shan. The Tethys Sea, hemmed
between Asia and the inexorably advancing Indian subcontinent, con-
tracted. About 40-50 million years ago the two landmasses collided. The
Tethys Sea vanished. The northern edge of India slid a short distance
beneath the southern edge of Asia and the two welded along the valleys
of the Yarlung Tsangpo and Indus. The impact buckled and folded and
stacked up the northern edge of India to form the Himalaya (Molnar
1989). To the south the impact formed a huge depression that over the
eons filled with sediments to create the Gangetic plain. The high elevation
of the plateau is the main legacy of this cataclysmic event. Compression
led to folding and thrust faulting, and this elevated the area until the earth’s
crust beneath the plateau averaged 70 km in thickness, twice that of most
other parts of the world. In the north, the impact caused the Taklimakan
block to underthrust the plate to the south to help create the Kunlun and
Arjin Shan at the northern rim of the plateau (Molnar 1989).

After the initial rise of the plateau, there apparently was a period of
quiescence, but this was followed by rapid uplift in the mid-Miocene about
20 million years ago. It was thought until recently that the plateau rose
significantly during a final and major uplift to reach its present height dur-
ing the late Pliocene and Pleistocene (Wadia 1966; R. Xu 1981; S. Xu
1981). But further geologic, climatic, and other investigations have revised
this idea. Harrison et al. stated that “the present elevation of much of the
Tibetan plateau was attained by about 8 million years ago” (1992) and that
by the late Miocene the geography was similar to that of today. However,
Molnar has suggested that “an uplift of 1,000 to 2,000 m in the last 2
to 10 million years is plausible,” primarily in the Pliocene (1989). Since
atmosphere cools about 6.5°C for every 1000 m in elevation, a high plateau
by the late Miocene rather than only since the Pleistocene would have had
a major impact on the region’s fauna and flora. About 2.5 million years
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ago the warm, damp climate that was characteristic of the Pliocene was
replaced by the cold periods of the Pleistocene with their ice ages. The
presence of the plateau helped cause this diversification of climate, and it
became an important regulator of the Asian monsoon (Raymo and Ruddi-
man 1992).

Jet streams in the innermost layer of the atmosphere up to about 15
km in elevation travel rapidly and move the lower air across the landscape,
bringing rain, snow, and clear weather. Terrestrial features such as the
plateau affect these jet streams both by their bulk and by variations in
their temperature. Deflected by the barrier of the plateau, jet streams flow
around it, causing them to meander. In winter, cold air settles on the pla-
teau, whereas in spring and summer, the plateau heats up and the warm
air gives rise to a high-pressure system that south of the Himalaya estab-
lishes an eastward-flowing jet stream which brings the June monsoon to
the subcontinent. If, however, a rare snow cover blankets the plateau, the
surface reflects, rather than absorbs, the sun’s warmth and heats up slowly.
With the high-pressure system of spring now weak, the monsoon may be
late and the rains sporadic, affecting the lives of millions of people in the
lowlands (Reiter 1981; Reiter and Gao 1982; Chen, Reiter, and Feng 1985;
Shen, Reiter, and Bresch 1986). The Himalaya shields the plateau from the
full force of the monsoon except in deep valleys that breach the rampart.

A monsoon-related climate change occurred 7-8 million years ago
(Harrison et al. 1992), further evidence of the presence of a high plateau
at that time. Studies of fossil pollen and the presence of such species as
Hipparion in the Gyirong Basin at an elevation of 4200 m just north of the
Himalayan peak Xixabangma have been taken as evidence of a warm moist
climate during the Pliocene followed by an uplift of the plateau (Chen
1981). But as Molnar (1989) pointed out, most such fossil material has
been collected along the northern margin of the Himalaya, whose pattern
of uplift differed markedly from that of the plateau itself. The crust of the
Indian subcontinent continues to slide beneath the Himalaya at 10-20 mm
per year. As noted by Molnar, “in the last few million years, horizontal
compression and crustal thickening have elevated the edges of the Tibetan
Plateau, while the interior has not undergone the same processes” (1989).
Indeed the interior has been spreading east and west for 2—6 million years
at a rate of 5-15 mm per year and has actually been collapsing in height
(Harrison et al. 1992). This spreading, together with erosion, has tended
to flatten the landscape (fig. 2.1).

The climadc history of the Pleistocene during the past 2 million years
or so has been highly complicated. There were either three or four major
glacial periods in Europe and Asia, depending on area, separated by
warmer, interglacial periods. In addition, warm and cold oscillations oc-
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2.1. A cross section of Tibet from the crest of the Himalaya on the Bhutan border north
across the Chang Tang to the Xinjiang border, showing topographic relief. (Adapted
from Yang et al. 1983.)

curred within each period (Kurtén 1968; Frenzel 1968). The peak of the
most recent ice age was about 18,000 years ago (Ruddiman and Kutzbach
1991), and the last interglacial, before the current one, was about 30,000
years ago (Olschak, Gansser, and Biihrer 1987). Kuhle (1987b) hypothe-
sized that the whole plateau except the Qaidam Basin and the Yarlung
Tsangpo Valley was covered by an ice cap up to 1000 m thick. There is
no question that during the last ice age—the Wiirm in Europe and Tali
in China—glaciers were extensive on the plateau, judging by moraines,
hanging valleys, and other evidence. Glaciers persist on most peaks that
exceed 6000 m in height and tongues may descend below 5000 m. The
snow line varies from about 4800 to 5900 m, depending on exposure and
latitude, and it was at least 1000 m lower during the last glacial peak (Kuhle
1987a). However, the Chang Tang shows no indication of a vast ice sheet.
The level ridge lines with the occasional emergent peaks were formed by
erosion (Chang et al. 1986) and spreading of the plateau (Molnar 1989),
not by the scouring of glaciers. Moraine deposits made up a mere 2% of
the terrain in the Chang Tang of Qinghai (“No Ancient Ice Sheet on
Tibetan Plateau” 1990). Similarly, in northern Tibet we saw moraines only
near the base of major mountains ranges. S. Xu (1981) estimated that in
the Tanggula Shan the glaciers covered a surface area 11 times greater
during the late Pleistocene than today. Ice cover on the plateau and adjoin-
ing ranges is today only about 4%, compared to as much as 20% at the
height of glaciations (Derbyshire et al. 1991).

The change from a glacial to an interglacial period is evident in the
water levels of lakes. In early postglacial times warm summers and reduced
snowfall during cold winters caused the ice to retreat and lake basins to
fill. Subsequently the climate cooled and became more arid, and, exposed
to intense solar radiation and high wind, lake levels dropped. Demidoff
(1900) observed long ago that most lakes have ancient beach lines well
above current water levels and that some basins are now completely dry,
and Hedin (1903) mentioned beach lines over 100 m above some lake lev-
els. At Tangra Yumco in the central Chang Tang the highest beach line
was 215 m above lake level according to my altimeter, and at Lungma Co
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2.2. The principal lake basins and the distribution of forests on the Tibetan Plateau. The
extent of the Chang Tang, as defined in this report, is also shown, as is the average an-
nual precipitation there.

in the northwest Chang Tang the difference was of similar magnitude.

The Tibetan Plateau consists of several distinct topographic regions
determined by drainage patterns and the parallel mountain chains that dis-
sect it. Only the eastern and southern parts have outlets to the ocean. In
the east the headwaters of the Yellow, Yangtze, Mekong, and Salween Riv-
ers lie in the uplands of Qinghai and Tibet, and in the south the Yarlung
Tsangpo (which downstream becomes the Brahmaputra), Indus, and Sutlej
also flow to the sea (figs. 1.2 and 2.2). In additon, the watersheds of several
south-flowing rivers such as the Arun lie north of the Himalaya, a striking
indication that they are older than these mountains, having maintained
their ancient channels during the uplift and in the process created gigantic
canyons. Similarly, along the northern rim of the plateau the Ulug He
slices north through the Kunlun Shan, but it, like all rivers there, vanishes
in the sands of the Taklimakan.

Much of the plateau comprises lake basins that vary in size, have no
outlets, and are fringed by mountains and hills (fig. 2.2). The Qaidam in
northern Qinghai is the largest of these basins. About 650 km long and
up to 350 km wide and at an elevation of 2600-3000 m, the Qaidam was
once a huge lake, of which only several small lakes and a few marshes
survive. Adjoining the Qaidam to the east lies the basin of Qinghai Huy;
the lake is 4200 km’ in size and lies at an elevation of 3200 m. And to the
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Table 2.1 Main vegetation types in the Chang Tang Reserve (334,000 km")

Vegetation type %
Stipa spp. 29.6
Kobresia spp. 3.8
Stipa spp. and Carex moorcroftii 18.0
Carex moorcroftit 8.9
Ceratoides spp. and Carex moorcroftii 11.4
Sparse mountain vegetation 16.7
Glaciers and bare mountaintops 9.8
Lakes 1.8

Note: Calculated by D. Miller based on map in Rangelands of Tibet 1992.

west of the Qaidam is the Arjin Shan Reserve, which comprises a series
of shallow basins encircled by mountains. The two largest lakes in the
reserve are the Ayakkum Hu at 4120 m and the Aqqikkol Hu at 4250 m.
Along the western edge of Tibet are the large Panggong and the small
Mapam Yumco Basins. The remaining area, a block of terrain about 900
km long and 700 km wide and lying mostly in Tibet, is for purposes of
this report defined as the Chang Tang (fig. 2.2).

Bordered in the north by the Kunlun and in the south by the Gangdise
and Nyaingentanglha Ranges, the Chang Tang has many lakes, from mere
ponds to Nam Co and Siling Co, which are over 1000 km" in size. Since
drainage of these basins is internal, salts and minerals have over the millen-
nia concentrated in the lakes, making most of them brackish or saline. Fan
(1981) classified these lakes as carbonate and sulfate types, with the latter
often having high concentrations of Na, SO, or MgSO,. The terrain varies
from valleys hemmed in by rugged ranges, and rolling hills separated by
broad, shallow valleys, to enormous flats, the landscape becoming more
spacious and higher from south to north. For instance, in the south the
lakes generally lie at an elevation of 4300-4500 m, whereas in the north
they lie at around 4800-5000 m. The more than 575 lakes in the Chang
Tang Reserve make up at least 1.8% of its total area. About 50 peaks are
over 6000 m and the highest is 7167 m. Glaciers and mountains above the
limit of vegetation make up about 9.8% of the reserve (table 2.1, fig. 2.7).
The remaining 88% or so represents potential wildlife habitat.

As already noted, in early postglacial times the basins were filled, and
lake waters lapped against hills and peaks, which like peninsulas and islands
rose among these inland seas. Siling Co today is about 1350 km* in size,
but judging by beach lines it was once around 6200 km’. Fed each summer
by glacial runoff, most lakes were then probably fresh. Habitat for plains
ungulates was at that time relatively scarce. As lake levels receded, ever
more habitat became available, creating conditions that no doubt had a
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major impact on the numbers, distribution, and movement patterns of ani-
mals.

Climatic changes have long had a marked influence on the vegetation
of the Tibetan Plateau. Analyses of pollen from various parts of Tibet and
Qinghai have revealed several cycles between warm and humid climates
and cold and dry climates since the Pliocene. During the early Pliocene
the northern slopes of the Himalaya and the valley of the Yarlung Tsangpo
had semievergreen forests with Quercus, Castanopsis, Podocarpus, and other
species interspersed with steppe (Wang, Li, and Zhang 1981), a forest veg-
etation typical today of southeastern Tibet at elevations of 1000-2000 m
(Li 1985). Farther north around the Tanggula Shan, in areas that are now
wholly treeless, there was also a forest-steppe, with stands of Pinus, Ulmus,
Abies, Quercus, and Cedrus, as well as Ephedra, a shrub characteristic of dry
steppe (S. Xu 1981). The equid Hipparion was a prominent member of the
fauna. By the late Pliocene the climate had become cooler and drier and
the steppe more widespread. Forests no doubt changed composition and
advanced and retreated several times during the climatic changes of the
Pleistocene. During the early Pleistocene, for example, Quercus, Betula,
Corylus, Picea, and other shrubs and trees, together with such steppe shrubs
as Artemisia and Epbedra, were found near Tuotuohe in the eastern Chang
Tang (S. Xu 1981). Using oxygen isotope records from glacier ice in Qin-
ghai, Thompson et al. (1989) found that mean summer temperatures have
varied by up to 4°C during the past 40,000 years, a period that covers the
late Pleistocene and Holocene, with the climate warmest 40,000-32,000
years ago. Later, the Pleistocene was colder and more arid (Gasse
et al. 1996), and conifers replaced deciduous, broad-leaved trees (R. Xu
1981).

In postglacial tmes, during the Holocene, there have been three wet
periods and four dry ones in the past 10,000 years according to pollen
profiles from Chagcam Caka in the northwestern Chang Tang (about
33°20" N, 83° E). Wet periods occurred 10,000, 8000-7000, and 6000-
5000 years ago (Wang, Li, and Zhang 1981). The pollen profile from
Huang and Liang (1981) in figure 2.3 shows that the climate was on the
average more humid from about 13,000 to 4000 B.p., judging by the pres-
ence of Pinus as well as Tamarix and Salix shrubs in an area where no tall
woody plants occur today; Ajania and Ephedra were common. Gasse et al.
(1996) found similar changes in arid and humid conditions at Panggong
Co during the terminal part of the Pleistocene and the Holocene. The
evidence indicates that for a part of the Holocene there were stands of
forest throughout the plateau, particularly along lakes and in protected
localities with adequate soil moisture. A pollen profile from Nara Co
southeast of Lhasa showed that southern Tibet was then warmer and more
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humid than the Chang Tang. Betula, Tsuga, and Quercus persisted until
3000 B.p., in contrast to the Chang Tang, where a pollen sample from
Coqen showed no evidence of trees at that time (Huang and Liang 1981).
In general, temperatures then averaged perhaps 3-4°C higher than today
(Wang, Li, and Zhang 1981). The past 3000 years have become both drier
and colder. Fang and Yoda (1991) showed that low temperatures and an-
nual precipitation of less than 1100 mm limit the distribution of evergreen
broad-leaved forest in Tibet, and the same two factors affect all tree
growth. Trees and tall shrubs vanished from the Chang Tang in the late
Holocene (Huang and Liang 1981).

This brief overview reveals that much of the plateau has had a forest-
steppe or steppe vegetation since the Pliocene. During the Pleistocene the
plains ungulates were at times constricted by the advance of glaciers or
the rise of lakes. But of importance is the fact that for several million years
the animals have had open habitats available to them. Frequent heavy
snows, as were necessary to initiate major glacial advances, could have
caused periodic and widespread starvation (see Schaller and Ren 1988).
However, since the last glacial peak, about 18,000 years ago, conditions
have probably favored the spread and survival of plains ungulates.

Today most of the plateau has a severe continental climate. But precipi-
tation and temperature are strongly related to longitude, latitude, and ele-
vation. Based on temperature and humidity, the plateau’s climate can be
divided into four categories (Liu and Wu 1981). The plateau inclines to-
ward the southeast, and moisture in the form of the southwest monsoon
comes up the gorges from the east and south. Consequently precipitation
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2.3. A pollen diagram of sediments from Chagcam Caka (4400 m) in the northwestern
Chang Tang, dated in years 8.p. (Adapted from Huang and Liang 1981.)
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Table 2.2 Weather data from selected sites in Tibet

Dam- Bain- Shi-
Lhasa Xigaze  Tingn xung Nagqu goin Gerze  quanhe

Elevation (m) 3658 3836 4300 4200 4507 4700 4415 4278
Av. °C in cold-

est mo.

(Jan.) -2.2 -3.8 -11.3 -9.9 -13.9 —-11.2 -11.9 -12.5
Av. °C in

warmest

mo. (July) 15.5 14.6 10.9 10.8 8.9 8.6 12.1 13.4
Absolute min.

temp. -16.5 -25.1 -46.4 -35.9 —41.2 -35.8 -33.8 =339
Absolute max.

temp. 29.4 28.2 229 25.4 22.6 21.7 244 25.7
Frostless days 133 127 104 67 20 9 50 85
Av. precip.

(mm) 444 434 236 483 400 301.2 166 76
Av. no. days

with wind

velocity >17

m/s 32 59 112 66 97 71 200 —
Hours

sunshine/

yr. (%) 69 74 77 64 66 61 73 78
Years of

record 1951-75 1955-75 1957-69 1962-75 1954-75 1965-75 1972-75 1966-75
Source: Feng, Cai, and Zheng 1986.

decreases in a gradient from east to west and from south to north. The
southeast is a humid tropical and subtropical montane area. The relatively
low-lying fringe of the plateau is temperate, except in the north, with the
eastern part in Sichuan humid, the southern partin Tibet semiarid, and the
Qaidam Basin and far western Tibet arid. The central part of the plateau in
a broad band from Qinghai west through the southern Chang Tang is
subfrigid, humid in the east and semiarid in the west; the Qilian Shan in
northeast Qinghai also belongs in this category. The northern Chang
Tang is frigid and arid.

In southeastern Tibet the average temperature during the coldest
month (January) is about 8°C; during the warmest month (July), 22°C.
Average annual temperatures there are above 6°C, whereas in the Chang
Tang they vary from 0 to —6°C and below (Feng, Cai, and Zheng 1986).
The average annual temperature in Tian Wendian, a post at 5500 m in
the Aksai Chin area, is —10.9°C (Chang and Gauch 1986). As shown in
table 2.2, localities such as Lhasa and Xigaze in southern Tibet have a
temperate climate with about 130 frost-free days. By contrast, Nagqu,
Baingoin, and Gerze in the Chang Tang are cold, windy, and seldom frost-
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Table 2.3 Weather data from two Chang Tang towns

199

Bangoin (4700 m) Gerze (4415 m)

Av. temp. (°C) Precip. (mm) Av. temp. (°C) Precip.

1991 1992 1991 1992 1971-85 1971-85 1991

Jan. -14.4 -11.0 6.1 0.5 -12.3 0.6 0.0
Feb. - 6.5 —-11.5 0.3 3.4 - 9.6 1.1 0.3
Mar. - 4.2 - 3.0 1.4 0.8 - 55 0.7 0.6
Apr. - 09 0.0 0.8 1.2 - 0.2 2.2 0.0
May 4.5 2.5 0.5 17.6 3.8 8.1 0.5
June 7.7 6.6 104.4 34.1 9.3 19.3 17.6
July 9.5 8.1 90.8 42.7 11.7 59.8 55.6
Aug. 8.1 8.4 80.7 87.3 11.0 62.0 62.8
Sept. 5.6 7.0 57.1 56.0 7.4 31.6 44.7
Oct. 0.6 - 0.1 0.0 10.3 0.0 3.3 0.0
Nov. - 6.7 - 6.6 0.5 0.6 - 7.8 0.7 0.0
Dec. -10.2 -11.8 2.7 3.1 -12.0 0.4 _ 0.0
Total 3453 257.6 189.8 182.1
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free (tables 2.2 and 2.3). Only the southeast part of the plateau has an
average annual precipitation of 500 mm or more. Most of the rest receives
400 mm or less precipitation, with the far northwest and parts of the Qai-
dam Basin receiving not even 50 mm (fig. 2.2). Most precipitation falls
from July to September, in the northern Chang Tang usually as snow,
sleet, or hail.

During the spring of 1992 we were in the northwestern Chang Tang
north of Aru Co at 5000 m. Between 12 June and 10 July, the average
daily minimum was —5°C (=3 to —9°C) and the maximum was usually
between 5 and 10°C. It snowed or hailed on 15 of the 29 days, and winds
at times reached 30-35 km/hr. Later that year, between 19 July and 3
August, the average daily minimum at Aru Co was 1.4°C (=3 to +5°C)
and the maximum was 13.3°C (7 to 18°C). It snowed on four days, and a
mixture of sleet and rain fell on two. Southwest Qinghai had an exceptional
cold spell between 23 October and 2 November 1985, with an average
daily minimum of about —29°C (—=23 to at least —40°C). More typical
winter temperatures prevailed during our fieldwork near Shuanghu be-
tween 1 and 25 December 1991, when the average daily minimum was
—25.3°C (=15 to —34°C). Bonvalot (1892) recorded —44.5°C on 18 Janu-
ary 1890. Winter winds are often strong. In February 1908, Hedin (quoted
in Vaurie 1972) recorded speeds of 32-39 kin/hr daily at 1300 hours.

Permafrost may occur at elevations above 4100 m in areas with an aver-
age annual temperature of —2.5 to —3.5°C (Tong 1981). Much of the
northern Chang Tang lies within this permafrost zone. The maximum
depth of the seasonal thawed sediment layer was 1-6 m in the eastern
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Chang Tang along the Lhasa-Golmud highway, and permafrost thickness
reached 155 m (Tong 1981). In mid-June 1992 we dug three holes at 5000
m in the plains near Toze Kangri north of the Aru Basin. Permafrost was
reached at 59-63 cm, indicating only a shallow thawed layer beyond which
plant roots had not penetrated.

Precipitation, temperature, and wind have a critical influence on vegeta-
tion growth. I can do here little more than make general comments about
the distribution of the major plant formations. Forests on the plateau are
largely found in southeast Qinghai, east Tibet, and west Sichuan, east of
94°30°-95° E, but a few patches extend west along the northern slopes of
the Himalaya (fig. 2.2). The lushest forests occur around the southern flank
of Namjagbarwa, where the Yarlung Tsangpo turns south into India.
There Li (1985), Chang (1981), and Zhang et al. (1981) recognized five
to six vertical zones (fig. 2.4). Below 1000 m in elevaton is a tropical,
evergreen dipterocarp forest with abundant lianas and epiphytes that
grades upward into a semievergreen broad-leaved forest of Castanopsis,
Celtis, and other genera. Above it, to about 2500 m, is an evergreen broad-
leaved forest in which Cyclobalanopsis, Lithocarpus, and oak (Quercus) are
conspicuous at the lower level and also pine (Pinus) higher up. Fir (Abies),
hemlock (Tsuga), and spruce (Picea) mixed with some broad-leaved species,
such as Acer and Magnolia, occur above 2500 m up to about 4000 m, al-
though at the higher elevatons most broad-leaved species cease, leaving
an understory primarily of Rbododendron and, at the upper forest line, of
gnarled birch (Betuls). An alpine shrubland of Rbododendron, Rosa, Salix,
Lonicera, and others together with luxuriant meadows extends to around
4800 m. This zone gives way to subnival vegetation of scattered cushion
plants and forbs. The forests are the home of takin, serow, goral, Asiatic
black bear, leopard, and other large mammalian species that are outside
the purview of this study.

In eastern Tibet and western Sichuan, among mountains within reach
of the southwest monsoon, forests grow up to an elevation of 4100-4500
m. A mixed coniferous and broad-leaved forest composed predominantly
of spruce, fir, and oak with an understory of Acer, Lindera, Litsea, Rhododen-
dron, and other trees predominates. The forests in eastern Qinghai are
small and patchy, composing a mere 0.3% of the province (table 2.4), and
they consist predominantly of junipers (Sabina), which in the Yushu area
and eastern Burhan Budai Shan grow to an elevation of 4400 m. Picea
crassifolia and P. asperata, with trees up to a height of 30 m, as well as Berula,
occur locally below an elevation of 3500 m in the Anyemaqen Shan and
eastern Qilian Shan. On the slopes above these conifer forests or below
the tree canopy are shrub thickets often no more than 1-1.5 m tall. For
example, on moist slopes near Yushu in southeast Qinghai such thickets
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Table 2.4 Land use on Tibetan Plateau (in percentages)

Cultivated
land Forest Pasture Other
Tibet 0.2 5.1 69.1 25.6
Qinghai 0.9* 0.3 56.1 2.8
Woestern Sichuan 0.7 10.6 444 3

Source: After Cheng et al. 1981.
*Cultivation increased greatly during the 1980s.

Table 2.5 Demographic profile of Tibet and Qinghai in 1990

Tibet Qinghai
Total population 2,196,010 4,456,946
Population density per km- 1.8 6.2
Birth rate 27.60 22.65
Death rate 9.20 6.84
Rate of natural increase 18.40 15.81
Population doubling time (years) 38 +
Number of children per couple (1987) 4.26 2.72
Urban population as percentage of total 12.59 27.35
Illiteracy rate as percentage of
population (aged 15 years and over) 44.43 27.70

Source: Based on the 1990 population census.

consist of Rhododendron capitatum, Potentilla glabra, Spiraea alpina, Sibiraea
angustata, and Salix sp., sometimes in almost monotypic stands, at other
times of mixed composition. Caragana jubata and Dasiphora fruticosa are
both common on damp slopes in the Anyemagen and eastern Qilian
Ranges.

Average population density on the plateau is low (table 2.5), but over
the centuries human settlements have had an impact on the shrub and
forest cover. Along the Yarlung Tsangpo gnarled and procumbent junipers
still cling to high slopes, no doubt the remnants of forests that were cut for
firewood and building materials. The remaining shrubs such as Caragana
spinifera are now often dug out, along with the roots, to serve as fuel. In
and around the Qaidam Basin the forested area was reduced from about
255 km? in 1954 to 38 km’ in 1977 (Cai, Liu, and O’Gara 1989).

Less than 1% of the plateau is under cultivation (table 2.4), although
in recent years agriculture has expanded considerably in the Qaidam Basin
as the population increased from about 10,000 in 1946 to 270,000 in 1986
(Cai, Liu, and O’Gara 1989). Peas, potatoes, rape, and wheat are grown
mainly at low elevation and barley at the highest. In the eastern part of
the plateau, fields are concentrated in the lower valleys; in western Tibet,
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along the drainage of the Yarlung Tsangpo and, locally, along the Indus
and in the Panggong Basin around Rutog. Small patches of cultivation also
occur in the Chang Tang, as at the northern end of Tangra Yumco. The
upper limit of cultivation is as low as 3300 m in some parts of the east-
ern plateau, whereas it reaches 4400 m and in favorable localities even
4500 m along the Yarlung Tsangpo and other areas of western Tibet.

Most of the plateau consists of rangelands, one of the largest such eco-
systems in the world and one that is floristically distinctive. In this high,
cold, and dry environment, where the sun shines for 2500-3600 hours per
year and its radiant value is an intense 140-195 kW/cm’ (Huang 1987),
the vegetation tends to be low; most plants are hardy perennials and cush-
ion plants. Over 300 species of seed plants have been collected from the
area, mostly Graminae, Compositae, and Leguminosae (Wang 1981).

Chang (1981) divided the rangelands into five major regions, to which
I have added one, the Qaidam Basin: (1) the Qaidam Desert; (2) the high-
cold, or alpine, meadow of eastern Qinghai and Tibet; (3) a xeric shrubland
and steppe along the valleys of the Yarlung Tsangpo and Indus in southern
Tibet; (4) the high-cold, or alpine, steppe in the southern Chang Tang;
(5) the high-cold desert, or desert steppe, in the northern Chang Tang;
and (6) the desert mountains in the northwest. Within each region are
many distinct plant formations and communities, each determined by ele-
vation, drainage, precipitation, sunlight, and other factors. Chang and
Gauch (1986), for example, identified 26 plant communities in the various
regions of western Tibet, based mainly on the dominance of certain grami-
noids and dwarf shrubs. Achuff and Petocz (1988) listed 18 communities
between 3300 and 5100 m in the western half of the Arjin Shan Reserve
(table 2.6).

The vegetation on mountain slopes has a relatively narrow vertical zo-
nation and the vegetation on the plains has a broad horizontal zonation,
both based on precipitation and elevation. Taking mountain slopes first,
I provide three brief examples of such zonation from ranges with different
amounts of precipitation (fig. 2.4). Figure 1.2 shows the location of these
ranges.

1. The arid western Qilian Shan has at low elevations (3000-3900 m)
a desert shrub formation with a cover of about 30% (Huang 1987). Domi-
nant shrubs include Dasiphora fruticosa, Salsola abrostranoides, Ceratoides la-
tens, and Reaumuria kaschgarica. Above this zone is a desert steppe with a
thin (<10%) cover of low Ceratoides compacta and Artemisia frigida, tufts
of Stipa grass, and various forbs such as Saussurea arenaria and Oxytropis
falcata. Between 4200 and 4600 m is a belt sparsely covered with cushion
plants, prominent among them Arenaria sp., Rbodiola sp., Androsace tapete,
and Thylacospermum caespitosum. And extending upward to the snow line
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Table 2.6 Vegetation formations and communities in the Arjin Shan Reserve

Formaton Community Elevation (m)

Mountain desert Ceratoides compacta 3900-4700
Salsola abrotanoides and Ceratoides latens 3300-3900

Desert grassland Carex moorcroftii and Ceratoides compacta 4300-4600
Stipa spp. and Ceratoides compacta 4250-4400
Stipa glareosa and Ceratoides compacta 3800-4300

Grassland Carex moorcroftii 4250-5000
Carex moorcroftii and Stipa spp. 4450-4600
Stipa spp. 4250-4600
Stipa spp. and Carex sp. 4250-4600
Carex moorcroftii and cushion plant 4500-5000
Stipa glareosa 4000-4400
Leymus secalinus 3850-4000

Wet meadow Myricaria prostrata 4250
Leymus secalinus and Puccinellia spp. 3800-4000
Kobresia capillifolia 3850
Eleocharis quinquefolia 3850

Herb mat Kobresia spp. 4600-5100
Leontopodium nanum and Arenaria sp. 44005100

Source: After Achuff and Petocz 1988.
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2.4. The altitudinal zonation of major vegetation formations on several mountain ranges

of the Tibetan Plateau. (Adapted from Zhang et al. 1981 and Huang 1987.)

at about 5100 m is the subnival zone. Scattered in the sand and gravel and
tucked into the lee of rocks are some of the same species of cushion plants
found at lower altitudes: clumps of Elymus, Festuca, Kobresia, and other
graminoids, and a variety of forbs such as Saussurea, Saxifraga, and Draba
(Li et al. 1985; Huang 1987).

2. The north-facing slopes of the Kunlun Shan rise abruptly from the
desert of the Qaidam Basin. Along the base is a zone of desert shrub: Sa/-
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sola, Ceratoides, Ephedra przewalskit, and Sympegma regalii. But, in contrast
to the Qilian Shan, the higher elevations are relatively moist and support
an alpine steppe of graminoids, particularly Stipa purpurea, Littledalea ra-
cemosa, Festuca sp., Poa sp., and others, together with cushion plants and
forbs. From about 4400-4500 m to the permanent snow line is the subnival
zone (Huang 1987).

3. Above the forests, above 4000 m, the Anyemagen Shan has a lush
zone of alpine shrub and meadow with a turf layer of organic material that
may reach a thickness of 20-30 cm. The turf consists of a dense mat of
Kobresia, as well as other graminoids, and many forbs—Gentiana, Meca-
nopsis, Anemone, Potentilla, Aster, Anaphalis—whose flowers speckle the hill-
sides with blue, yellow, and white in summer. A typical subnival zone oc-
curs higher up, extending to the snow line at about 5200 m.

Qaidam Basin is distinctive in its vegetation, being transitional both
geographically and climatically between the Mongolian desert to the north
and the high uplands of the plateau. Indeed the vegetation of the basin
has a strong affinity with the deserts of central Asia as expressed by shrubs
of the genera Calligonum, Haloxylon, and Trachomitum (Walter and Box
1983a). In general, large salt flats in the center of the basin are virtually
unvegetated, and marshes and the edges of brackish ponds support Phrag-
mites reeds. Low Artemisia and Salsola shrubs cover large tracts, as do Ta-
marix ramosissima, Epbedra przewalskii, and Nitraria schoberi, the last-named
2 m tall, especially on the sand-and-gravel plains near the foothills.

Lying in the rain shadow of the Himalaya between about 3500 and 4300
m, the drainages of the upper Yarlung Tsangpo and Indus in southern
Tibet, as well as the desert mountains in northwest Tibet, are arid and
covered with a mixture of steppe and xerophilic shrubs. Stipa, Aristida,
Pennisetum, and Orinus are common grass genera, and Artemrisia, Sophora,
Lonicera, Berberis, Caragana, Cotoneaster, and Hippophae are conspicuous
shrubs (Walter and Box 1983a; Chang 1981).

The rest of the rangelands—the broad valleys, basins, and rolling to
hilly plains—extend from the moist east in Qinghai, at elevations as low
as 3000-3500 m, to the arid west and northwest in Tibet and Xinjiang,
at 5100 m and above. Three main vegetation formations extend over these
vast uplands: alpine meadow, alpine steppe, and desert steppe.

1. The alpine meadow is prominent in the eastern half of this area,
where annual precipitation exceeds 400 mm, particularly in southeastern
and southern Qinghai, as around the twin lakes Gyaring and Ngoring (fig.
2.2). The formation extends west into Tibet, generally below an elevation
of 4500 m, to about the longitude of Lhasa and Nam Co. To the west,
with its increasing aridity, the alpine meadow becomes largely riparian
along streams, seepages, swamps, and lakes where soils remain saturated
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with meltwater from snow and glaciers (Cincotta et al. 1991). This vegeta-
tion formation characteristically has a sod layer 10-40 cm thick densely
covered with short, perennial sedges (Kobresia spp.) and various forbs,
among them Leontopodium, Anaphalis, Polygonum, Primula, and Potentilla
(fig. 2.5). A hummock vegetation of Kobresia (often the 30 cm tall K. royle-
ana) may develop in swampy depressions. Since riparian meadows have
water readily available, they have a longer growing season and hence re-
main green and more palatable to ungulates than other plant communities.
Livestock and certain wild ungulates such as kiang and wild yak seasonally
tend to concentrate on this restricted habitat. On the extensive alpine
meadow pastures of eastern and southeastern Qinghai, such as in the coun-
ties of Magen, Madoi, Zhidoi, Zadoi, and Yushu, average livestock densi-
ties are so high—28-70 animals/km-’—that continual grazing and tram-
pling of hillsides by the animals, coupled with solifluction, have broken
the sod layer, causing extensive sheet erosion. Similar habitat deterioration
is evident in Amdo County and some other parts of Tibet.

2. Lying generally between 4000 and 5000 m, the alpine steppe is cold
and windy, the sun’s radiation is intense, and the daily changes in tempera-
ture are great. Plant coverage is sparse, seldom more than 30%, and the
soil is poor (gravel, sand, silt, and clay, alluvial or eolian in origin) and

2.5. Alpine meadow habitat borders a stream in the Aru Range. Wild yaks favor the thick
turf of Kobresia for grazing. (August 1988)
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2.6. Alpine steppe is covered predominanty with Stipa grass, an important feed for most
ungulates, especially in winter. A solitary wild vak bull is on the plain. (December 1991)

without a sod layer. A bunch grass of the genus Stipa (S. purpurea, glareosa,
subsessilifolia, and others) is dominant, and it is much favored by most ungu-
lates in winter; other graminoids such as Festuca spp., Poa spp., and Carex
moorcroftii are also abundant locally (fig. 2.6). Dwarf shrubs, usually less
than 30 cm tall, include Ajania, Ceratoides, and Potentilla. Herbaceous
plants, most under 10 cm in height, include many legumes (Astragulus,
Oxytropis, Thermopsis) and several species of Saussurea, Ajuga, and Corydalis,
among others, as well as such cushion plants as Androsace, Leontopodium,
Arenaria, and Rbodiola. The alpine steppe extends up the hillsides to 5200
5300 m, an elevation above which only scattered subnival species persist,
but there is a shift in plant dominance with alttude. Kobresia replaces Stipa
as the main graminoid, and cushion plants become more abundant (see
table 12.3). Although these mountains are high, often 5500 m or more,
they may extend only a few hundred meters above the level of the plain.

The alpine steppe can be divided into two broad vegetation zones based
on the dominance of two graminoid genera, as shown in figure 2.7 for the
Chang Tang Reserve. The southern part is covered predominantly with
Stipa spp., a vegetation type which occurs on about 30% of the reserve
(table 2.1), and the central part has two prominent genera, Stipa spp and
Carex moorcroftii. Since wild and domestic ungulates tend to prefer Stipa
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2.7. The three main steppe zones of the Chang Tang Reserve and the approximate distri-
bution of high-elevation terrain. (Adapted by D. Miller from Rangelands of Tiber 1992 and
from G. Joshi, pers. comm.)

2.8. Desert steppe habitat at 5000 feet along the northern rim of the Aru Basin. Luotuo
Hu is visible on the left and the glaciers of Toze Kangri in the distance. Chi Doa scans
the terrain for chiru. (August 1992)
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over Carex as forage, the relative abundance of these graminoids has an
impact on ungulate distribution.

3. North of the alpine steppe, extending out of Tibet into Xinjiang, is
a desert steppe, a bleak and arid environment with large tracts virtually
devoid of vegetation. Many of the species in this formation are the same
as in the alpine steppe but coverage is more sparse (fig. 2.8). The dwarf
shrub Ceratoides compacta is dominant. Carex moorcroftii, coarse, sharp-
pointed, and endemic to the plateau, grows in extensive swards on sandy
soils. Stipa, Kobresia, Oxytropis, various cushion plants, and a few others
occur thinly throughout this region. With forage meager, the density of
wild ungulates is low, and pastoralists and their livestock leave much of
the area unoccupied. Along the northwestern edge of Tibet are desert
mountains, somewhat lower in elevation but largely similar in vegetation
except that among the dwarf shrubs Ceratoides latens replaces C. compacta,
Ajania fruticolosa is locally common, and Caragana vessicolar grows like dark,
low hillocks in some valleys. Chang (1981) classified this area as a distinct
vegetation formation.

Many plants in the harsh environment of the alpine and desert steppe
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2.9. Air and subsurface (10 cm) soil temperatures during two sample days, showing reten-
tion of warmth by the soil. The 29 June temperatures were taken at 5000 m on a clear-
to-cloudy day with a minimum temperature of —4°C; the 29 July temperatures were
taken at 4850 m on a clear-to-partly-cloudy day with a2 minimum of +1°C. Dawn was at
about 0700 and dusk at 2200 hours.
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have distinctive adaptations to the harsh environment. By remaining close
to the ground, sometimes in protected hollows, they avoid wind. The soil
surface temperature rises rapidly in the intense sunlight, reaching levels
higher than the air, and plants close to the ground can absorb the warmth
for their physiological processes. After heating in the morning, the subsur-
face soil also retains warmth longer than does the air (fig. 2.9). Some plants
have shiny hairs, possibly to retain humidity (Huang 1987) and to reflect
heat into the interior (Larsen 1987). Various species have large taproots
for nutrient storage. Cushion plants create their own microclimate by ac-
cumulating windblown soil and snow. Their crowded stems trap air, which
is warmed by the sun. Huang (1987) found that the temperature inside an
Arenaria cushion before sunrise was 1.2-3.5°C higher than the tempera-
ture at the surface.



Chiru (Tibetan Antelope)

Almost from my feet away to the north and east, as far as the eye could
reach, were thousands upon thousands of doe antelope with their young.
The mothers were mostly feeding, while the young ones were either ly-
ing down and resting, or being urged on by their mothers. All had their
heads turned towards the west, and were travelling slowly in that direc-
tion, presumably in search of the fresh young grass springing up in the
higher western tablelands.

Everyone in camp turned out to see this beautiful sight, and tried,
with varying results, to estimate the number of animals in view. This was
found very difficult however, more particularly as we could see in the ex-
treme distance a continuous stream of fresh herds steadily approaching;
there could not have been less than 15,000 or 20,000 visible at one time.

C. G. Rawling (1905)

As 4 sov i~ Germany, I had read one of Sven Hedin’s books on
Tibetan exploration. His descriptions of Tibetan antelopes traveling in
large herds over desolate uplands where no humans live had particularly
intrigued me. He referred to the animals as orongos, a Mongolian name,
which added an even greater aura of mystery and remoteness. When I
finally had the opportunity to study wildlife in the Chang Tang, the Ti-
betan antelope (or chiru, as it is called in parts of Tibet and in some of
the early Western literature) became a main focus of the project. For a
time the animals would be abundant in an area, by far the most abundant
of the wild ungulates, but then they would vanish, migrating over routes
and to destinations that remained unknown. To study the species was a
challenge, not only a scientific one but also a logistic one, because, lacking
the use of an airplane, we had to find the animals in vast terrain, much of
it uninhabited. Yet research on the species was urgent. Chirus, though
fully protected in China and by international convention (Convention on
International Trade in Endangered Species), were being heavily hunted
for their wool, which was smuggled to India for weaving and then sold
primarily to developed nations as high-priced scarves and shawls (see chap-
ter 15). Without knowledge of the chiru’s basic ecological requirements,
particularly the extent of its seasonal movements, it would be difficult to
provide it with adequate protection.

41
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Taxonomy

The chiru (Pantholops hodgsoni) is the only genus of large mammal endemic
to the Tibetan Plateau. The animal looks like an antelope that has some-
how strayed from the African plains. It has often been placed into the
subfamily Antilopinae, and indeed Brian Hodgson in his original descrip-
tion of the species in 1830 refers to it as an “antelope” (Sterndale 1884).
However, on the basis of various skull characters, Pilgrim (1939) and oth-
ers designated it as a caprid, subfamily Caprinae, combining it with the
saiga in the tribe Saigini. Recent morphological and molecular work has
shown that the chiru is most closely allied to the caprids and the saiga to
the gazelles (Gentry 1992; Gatesy et al. 1997), as discussed in chapter 13.
For this reason, I call the animal chiru rather than Tibetan antelope. No
subspecies of chiru have been designated.

Two late Miocene(?) fossils, genus Qurlignoria, found in the Qaidam
Basin were considered by Gentry (1968) to be related to chirus, and a
Pleistocene fossil, Pantholops hundesiensis, a chiru slightly smaller than the
living one, was described from western Tibet (Pilgrim 1939).

Description

With their rather chunky bodies and slender legs, chirus are reminiscent
of antelopes. Adult males stand about 83 cm high at the shoulder (mea-
sured from the hoof tip) and weigh up to about 40 kg (table 3.1). Engel-
mann (1938) gave measurements of two males with a mean shoulder height
of 94 cm and body mass of 36 kg. The measurements of three males given
in Research on Flora and Fauna (1979) were 74-105 cm for shoulder height
and 24-27 kg for body mass. The male’s most conspicuous antelope-like
feature is the long, slender, black horns, which rise almost vertically from

Table 3.1 Shoulder heights and weights of chirus

Shoulder height (cm) Body mass (kg)
Sample Sample

size Mean = S.D. size Mean = S.D.
Young (4 mo.) 7 63.4 * 2.4 3 155 £ 0.9
Yearling male (16 mo.) 3 76.8 = 1.6 2 255+ 1.9
Yearling female (16 mo.) 2 67.0 = 2.8 1 20.9
Adult male 2 83.0 = 1.4 2 g8 = 2.5
Adult female 8 744 + 2.2 9 259 =29

Note: All except 1 male and 2 females were measured in winter; most died after the bliz-

zard of Oct. 1985, 14 of them killed by dogs.
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the head, curve slightly back in the distal half, and then terminate with
smooth rapier-like tips pointing forward. The horns are laterally com-
pressed and have about 15-20 ridges along the front for two-thirds of their
length. They diverge moderately, with a mean tip-to-tip measurement of
29.3 + 4.4 cm (range 19.2-41.2 cm). Chirus have their full adult dentition
at about 2.5 years of age (see table 3.5), an age when their horns reach a
length of around 50 cm. Of 162 horns 50 cm long or longer, mean length
was 57.3 = 3.0 cm, with a maximum of 65.1 cm. Horn circumference near
the base was about 12 cm. There was no indication that horns continue
to grow annually after a male is fully adult, in contrast to other caprids
whose horns become longer throughout their lives.

The coat of adult males is dense and woolly, with hairs 4-6 cm long
on neck and body. The summer pelage is reddish fawn with light gray and
brown tones grading to white on the underside. A diffuse white rump patch
is almost hidden beneath the 13-14 cm long tail. The ventral side of the
tail has long white hairs. The face and the front of the legs are dark gray.
In general, the animal looks drab, without conspicuous adornments. How-
ever, by late October, prior to the rut, the males have changed into a strik-
ing winter pelage. The face is now black, as is the front of the legs, the
black markings on the forelegs curving toward the shoulder and the black
on the hindlegs extending back to trace the margin of the rump patch.
The body color is predominantly light gray and tan with conspicuously
white underside from chin to belly; some males are so light-colored that
they look white at a distance.

At the age of 16 months, yearling males weigh about as much as adult
females (table 3.1). At that age their horns are 23-29 cm long, but they
grow rapidly, reaching 30-33 cm at 18 months and over 40 cm at 24
months. Subadult males lack the marked change between summer and win-
ter pelage. At the age of 2.5 years, they have some dark gray on face and
legs in winter, and this color deepens the following year, but not until the
age of 4.5 years do they exhibit the full nuptial pelage.

Females are about 74 cm tall at the shoulder and average about 26 kg
(table 3.1). They are hornless, unlike other female caprids. Their coat is
fawn-colored, almost pinkish, often with rust brown on the nape, blending
into the whitish underside. A pale white area encircles the tip of the muzzle
and the eyes. The top of the muzzle and front of the legs are grayish.
There are two nipples. The young are colored like the females.

Chirus also have two small but distinctive morphological features. The
muzzle is concave and blunt and the tip looks enlarged because of the
presence of a walnut-sized bulge on each side of the nostril. This bulge
marks the site of an air sac, representing an enlargement of the nasal pas-
sage. In Tibet and Qinghai, the hair on the bulge is grayish brown, con-
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trasting only somewhat with the black face of males in winter, whereas in
Xinjiang the bulge is white, a highly conspicuous feature.

When examining chirus, I found no evidence of preorbital, pedal, or
other glands except large inguinal glands in the groin of both sexes. The
glands in adult males have an opening 5 cm long and pouch 6 cm deep,
“large enough to contain a man’s fist” (Rawling 1905). A waxy, yellow
exudate smelling like peanut butter lines the cavity.

Status and distribution

Chirus are confined to the Tibetan Plateau, where they prefer flat to roll-
ing terrain, although they readily ascend high rounded hills and penetrate
mountains and cross passes by following valleys. Alpine steppe or similar
semiarid habitats are favored, the species being rare or absent from those
parts of the alpine meadow region that have an average annual precipita-
tion of 400 mm or more. Desert steppe and other such arid areas have
also been occupied, at least seasonally, but chirus occur neither in the Qai-
dam Basin, except at its western rim, nor in northeastern Qinghai. In Xin-
jiang’s Tula Valley, chirus frequent elevations as low as 3250 m, but most of
their range lies above 4000 m, and on the Depsand Plain in northern Ladakh
they can be found as high as 5500 m (Roosevelt and Roosevelt 1926).

The only chirus outside China are in the Ladakh part of India. Ap-
proaching Karakoram Pass from the south in 1868, Shaw found that “the
plain, barren as it seems, is frequented by Tibetan antelopes” ([1871]
1984). Today, chirus occur in only two small areas of eastern Ladakh,
where about 200 animals, mostly males, cross the border seasonally from
Tibet and the Aksai Chin area of Xinjiang (Fox, Nurbu, and Chundawat
1991a). A few chirus once strayed into western Nepal (Schaller 1977b),
but there is no evidence that they still do so.

From Ladakh the species extends 1600 km eastward across Tibet and
southern Xinjiang to the vicinity of Ngoring Hu in Qinghai. Its current
range is divided into two areas: a northern one of about 490,000 km- and
a central one of about 115,000 km- (fig. 3.1). Distribution between the
two areas was continuous until recent decades, and there may still be rare
contact near the western end. To further delineate distribution, figure 3.1
notes where I and others observed chirus outside the Chang Tang Reserve.
The range of chirus west to east appears to be much as it was a century
ago when Bower wrote: “Their habitat may be said to commence in the
west at the Karakorum Pass, and extends to the Lhasa-Sining [Xining]
road in the east, and probably they are found in occasional patches of suit-
able country still farther east” (1894). However, the range has contracted
in central Tibet and eastern Qinghai.
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3.1. The current distribution of chiru (Tibetan antelope). (Chiru sightings within the
Chang Tang Reserve are not indicated.)

In comparing chiru numbers in the past with those of today, I have only
the accounts of a few Western travelers to draw upon. The most useful
of these accounts are those of Sven Hedin, who often noted the relative
abundance of chirus and other species. To enable future investigators to
compare their data with mine, I also provide occasional details on location
and density. However, the abundance of chirus in an area depends on the
movement patterns of a particular population. Movements of chirus are
of two types: (1) resident animals, which make only local movements, and
(2) migratory animals, especially females, which may travel up to 250-300
km between summer and winter ranges. An area may be devoid of chirus
at one season yet swarming with them another.

Qinghai

Chirus reach their eastern limit near Ngoring Hu, where they are rare
(Kaji 1985). During a winter survey east of the Lhasa-Golmud road in
1985, we also found chirus scarce, whereas they were moderately abundant
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west of the road. In the Yeniugou (Wild Yak Valley), a valley of the Burhan
Budai Shan west of Kunlun Pass, about 2000 chirus were found in summer
and the females gave birth there (Harris 1993; Harris and Miller 1995),
We transected an area of 2100 km* on the plains just south of the Yeniugou
in November 1986 and calculated 3087 chirus, a density of 1.47/km’
(Schaller and Ren 1988). I surmise that these animals represent a resident
population which shifts in part between summer in the Yeniugou and win-
ter on the plains.

A large segment of the remaining chirus in southwestern Qinghai ap-
pear to be migratory and part of one main population. In addition, there
seems to be part of another population which enters seasonally from Tibet.
Based on a survey that went from the Lhasa-Golmud road west to Ulan
Ul Hu, then north to the foothills of the Burhan Budai Shan and back to
the road, Feng (1991b) observed 4843 chirus, including a herd of 2000
females and young in late July, and he estimated a total population of
6000-7000 in 75,000 km- of southwestern Qinghai, or 0.08-0.09/km’.
This density figure and others represent crude, not ecological, density,
including habitat unsuitable for chirus such as lakes and high mountains.
In November 1986 we counted chirus within 50 km along each side of the
Lhasa-Golmud road between Wudaoliang and Tuotuohe, covering an area
of about 17,900 km- (excluding the census block of 2100 km’ mentioned
earlier), and observed 281 chirus, a density of 0.015/km", most of them
in the Golo Valley north of Tuotuohe (Schaller, Ren, and Qiu 1991).
However, few chirus wintered in that area, in contrast to the previous year
when after a heavy snow many animals moved there from the west (see
below). One wintering ground of these animals is along the upper Tuo-
tuohe Valley, where Ma (1991) saw many chirus in November 1986 and
we tallied 550 in November 1993.

Xinjiang
The Tula Valley extends for about 300 km along the southern base of the
Arjin Shan and one of its subranges, the Yiisiipalik Tag. We surveyed the
western half in 1987 and the eastern half in 1988. A total of 305 chirus
were tallied, most of them in one concentration of males. Few chirus pene-
trated the mountains north of the valley. In a week’s work in the Yistipalik
Tag during July 1988 we counted 37 animals, some of them females with
young. A survey of about 4000 km’ of the Kunlun Shan and the uplands
to the south of the Tula Valley, an area just west of the Arjin Shan Reserve,
gave a count of 438 chirus, a minimum density of 0.11/km*, most of them
in one concentration of females (Schaller, Ren, and Qiu 1991).

Almost all travelers who crossed what is now the Arjin Shan Reserve
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commented on the presence of chirus (Bonvalot 1892; Hedin 1903). The
western 18,000 km’ of the 45,000 km* reserve were censused by Achuff
and Petocz (1988). They reported 2946 chirus, most of them in several
concentrations, or 0.16/km’, a figure similar to ours from west of the re-
serve. However, their count did not include the Ayak Kum Basin, where
females had gathered to give birth, nor did it cover the eastern half of the
reserve, where the density may be greater, judging by the sightings of But-
ler, Achuff, and Johnston (1986). Feng (1991a) gave a density of 7.2/km*
for one area, no doubt a local concentration. A reliable estimate for the
whole reserve is unavailable. Butler, Achuff, and Johnston (1986) quoted
a figure of 70,000-100,000 (1.5-2.2/km") based on Chinese sources, but
this figure is much too high, and at any rate, heavy poaching during the
early 1990s greatly reduced the population (Wong 1993). The chirus in
the region appear to be resident, without much contact with those in the
Chang Tang of Tibet and Qinghai, judging in part by the distinctive white
color of the nasal air sac.

Near the western end of the chirus’ range, the species was reported at
the Keriya Pass (35°40” N, 82°05” E) on the Xinjiang-Tibet border (Deasy
1901). It also occurs in the Aksai Chin, a desolate plateau above 5000 m
in elevation, where we counted 13 animals when crossing the area in Au-
gust 1988.

Tibet

Chiru remnants persist in the central Chang Tang (fig. 3.1), most of them
in small, scattered herds. For example, I encountered 74 animals in the
basin of Buka Co, southeast of Siling Co, in November 1991, apparently
a temporary aggregation for the rut. Yet chirus were once abundant in this
region. West of Dogze Co, at about 32°00" N, 86°30” E, Hedin observed in
December 1906 “great flocks of kyangs and Pantholops antelopes” ([1922]
1991). Today the nearest chiru population winters over 75 km to the north.
Near Dong Co (32°10’ N, 84°45’ E), he found that “kyangs and antelopes
were numerous” during March 1908; today chirus do not frequent that
valley. Just north of Gerze, in an area without chirus now, Hedin encoun-
tered them “by the hundreds, and in larger flocks than ever” in February
1908. And traveling near holy Mount Kailas in September 1907, he noted
that “antelopes were seen grazing and not shy at all, as nobody kills them
there.” Chirus are rare in that region today.

Much of the northern Chang Tang lies within the Chang Tang Reserve.
The southern margin of the reserve, south of about 32°30" N, is almost
devoid of chirus, although occasional animals are encountered southeast
of Shuanghu. The animals are similarly scarce along the western border
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Table 3.2 Number of wild ungulates observed during various months in the 300 km*
Kongkong census area, Chang Tang Reserve

July 1991 Sept. 1990 Oct. 1993 Dec. 1991
Tibetan gazelle 7 35 17 2
Tibetan argali 7 18 — —
Chiru 73 199 323 393
Kiang 27 49 67 10
Wild yak 1 66 — —

of the reserve in an area where Hedin found tracks “very numerous” and
where he saw “an antelope that, perhaps only a few minutes ago, had been
caught in a trap” ([1922] 1991). The rest of the reserve is occupied by
chirus, but since most animals are either migratory or shift ranges season-
ally, accurate counts are difficult to make. For example, a count in the
1800 km* Aru Basin during early August 1990, in which an attempt was
made to tally all animals, revealed 635 chirus, a density of 0.36/km".
Shortly after this count was made, a herd of about 2000 migrating females
with young arrived. Four counts were conducted in a valley and sur-
rounding hills just north of Kongkong Co near Garco between July and
December. Chiru numbers in this 300 km- area fluctuated from 73 to 393
(table 3.2). Our most extensive censuses were conducted on alpine steppe
roughly between Shuanghu and Yibug Caka in December 1991 and Octo-
ber 1993 by driving through valleys and basins and by scanning hills and
plains in an effort to count most animals. This area was selected because
chirus concentrated there in winter and it also had large populations of
kiangs and gazelles (but not yaks). In 1991, a total of about 3900 chirus
were counted in 17,500 km’ (a minimum of 0.22/km?), and in 1993, a total
of 3066 chirus were counted in 10,500 km- (0.29/km"). These densities
are probably not exceeded elsewhere over such a large area.

Migration

Two behavior patterns are basic to understanding the migration of chirus.
One is that the sexes segregate almost completely during summer, a fact
noted by Rawling when he wrote that males and females “live apart in
different parts of the country” (1905). Sometime in late April or May most
10- to I1-month-old males separate from their mothers and either join
their male peers or the adult males, which also part from the females at
that time. The adult females and their female offspring migrate north in
May and June to certain calving grounds. A few male young also accom-
pany their mothers. In June 1992, 15% of the young, now almost yearlings,
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migrating past Toze Kangri were males and 85% were females. Young
females no doubt learn the traditional travel routes to the calving grounds
from their mothers. By contrast, most males travel only a relatively short
distance from their wintering areas. Seasonal segregation of the sexes is
also apparent in nonmigratory populations, as in the Arjin Shan Reserve
(Achuff and Petocz 1988). Thus the movement of the sexes must be dis-
cussed separately.

The second pattern is that the chirus in the northern Chang Tang of
Tibet and Qinghai are divided into more or less distinct populations, each
with certain wintering and calving areas. To delineate these populations
and trace their travel routes represented a major and only partially success-
ful effort of the project. Evidence for four migratory populations was
found, based largely on the movements of females. In addition, several
small populations or subpopulations with local movements exist. It is un-
known what proportion of the total chiru population is sedentary or mi-
gratory, and to what extent, if any, animals shift from one mode to
another. All data remain fragmentary and are based on populations whose
numbers and travels have in recent decades been disrupted by human
activity.

Migration of femnales

The migratory routes of the four populations could only be partially
traced, as shown in figure 3.2. The precise location of calving grounds
remains obscure, whereas the major wintering areas are fairly well known.

WEsT CHaNG TaNG popuLATION. On 21 July 1896, Deasy was camped on
a plain north of the glacial massif Toze Kangri and saw that “for many
miles in every direction except west, from Camp 19, in fact as far as the
human eye aided by powerful binoculars could see, there were thousands
of antelopes in large herds scattered about irregularly wherever there was
plenty of grass” (1901). He named the place Antelope Plain. Later, Raw-
ling (1905) reported a similar sight (see chapter epigraph). I presumed that
chirus gave birth there, and we visited the plain in June and July 1992.
We approached from the west past Gozha Co, an area with only a few
chirus, most of them males. Some females were seen at the western end
of Antelope Plain by a small lake, Yue Ya Hu, but a search of the region
between 7 and 15 June east beyond Bairob Co to about 83°25’ E revealed
no chiru concentration. Nomads told us that females now seldom venture
west of about 81°20” E, west of Gozha Co and Lumajangdong Co. How-
ever, in June 1996 a Chinese expedition reported that many females were
giving birth near Gozha Co (W. Liu, pers. comm.), suggesting a shift in
migratory movement.
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3.2. Observed concentrations of female chirus and the direction of travel by female chirus
toward the calving grounds, showing the division into distinct populations: I, West
Chang Tang; II, Central Chang Tang; III, East Chang Tang; and IV, Qinghai popula-
tion. The one observed male migration is also indicated.

On 16 June the migratory route was found near the eastern margin of
Yue Ya Hu. Moving along a narrow, specific route, herds headed northeast
along a valley at the base of Toze Kangri, crossed a plain, continued north-
east through the high foothills of an unnamed glacial massif, and traveled
across yet another plain into hills bordering the basin of Heishi Beihu,
Blackrock Northlake, so named for its volcanic rocks. At least 2200-2400
chirus passed Yue Ya Hu between 16 and 22 June. These animals were at
the rear of the migration, which ceased abruptly on 23 June, when only
10 animals passed. (In addition, small female herds and a few mixed herds,
totaling 396 animals, were tallied in the region.) We followed the chirus
into the Heishi Beihu Basin, where tracks showed that the animals had
continued northeast through the basin and apparently over low hills into
Xinjiang (fig. 3.3). Almost daily snowstorms and shortage of gasoline pre-
vented us from following. A few lagging females failed to reach the calving
ground, giving birth en route. The first newborn was noted on 26 June,
but parturition on the calving grounds no doubt began earlier. The con-
centrations observed by Deasy (1901) and Rawling (1905) were of animals
returning south from the calving grounds.

In July and early August 1990 the Aru Basin contained many males and
just a few females, all without young, but on 11 August a herd of about
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3.3. Dawa views the Heishi Beihu Basin during our attempt to trace the migraton of
chirus. (June 1992)

2000 females and young arrived from the north and briefly remained
around the northern edge of the basin (figs. 3.4 and 3.5). In 1992, after
failing to reach the calving grounds, we returned to the basin to await this
return migration. On 28 July, about 100 females and young ventured into
the basin, but, as in 1990, the animals did not move south through it,
avoiding this easy route. Observing from the basin’s northern rim, we
watched as the chirus moved southwest from Toze Kangri, passed through
the hills just south of Luotuo Hu (Camel Lake), and, according to local
pastoralists, crossed the Aru Range by a low pass (see fig. 1.5) into the
Lumajangdong Basin and from there traveled south. During intermittent
observations between 20 July and 3 August 7350-7750 females and young
passed Luotuo Hu, and the total migration was no doubt over 10,000. We
were also told that chirus migrate south along a route east of the Aru Basin.

On 21 August 1988, we observed many females with young from the
southern rim of the Aru Basin south for about 70 km. Two years later, on
18-19 August, they were in the same area and also sporadically eastward
past Kehu Co for 75 km (fig. 3.2). By contrast, when on 4 August 1992
we drove south of the Aru Basin, the female migration had not yet reached
the area.

‘This overview indicates that the females migrate north in May and June,
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3.5. A 1-month-old chiru suckles when a migratory herd halts briefly.
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calve somewhere just across the border in Xinjiang, and return south al-
most immediately, reaching the Aru Basin by late July or early August.
Bypassing the basin, they continue south and also spread east and west
over the alpine steppes, most reaching their autumn and winter range by
the end of August or early September. The one-way travel distance is about
300 km.

A small percentage of the females either do not migrate or move only
a short distance. Some of these females are barren, at least in the year that
they were observed not to migrate, and some avoid the long trek and calve
near their wintering grounds. A few females are possibly resident in the
north. Hedin observed “flocks of antelopes” ({1922] 1991) at Bairab Co
(35° N) on 6 October 1906.

CentraL CHANG TaANG popuLaTION. We were unable to delineate the
eastern limit of the large West Chang Tang population, and figure 3.2
shows a gap between it and the Central Chang Tang population. In late
August 1990, we drove north of Dong Co and then east along about 33°
N latitude. About 50 km from the lake we noted a number of females and
young and farther on there were at least 150 in a basin. Wildlife was scarce
along our route eastward, but on a plain before reaching Yibug Caka were
about 125 chirus. Females and young were also spread around Yibug Caka,
east and northeast of the glaciated Mayer Kangri, and along the western
end of the Jangngai Range. (A detailed survey in December 1991 showed
a similar distribution.) In late September, over 200 chirus, most of them
females and young, were seen around Gomo Co, and a few were to the
north across a hill range as far as the slopes of Zangser Kangri. All these
animals were presumed to belong to one population. Where is its calving
ground?

We surveyed the central area in July 1991 and June 1994, checking the
Tian Shui Valley and traveling as far north as Gyangnyi Caka (35° N,
87°E). On 11 July 1991, just after the birth season, we found a concentra-
tion of at least 800 females and young in the hills south of the Tian Shui
Valley. Of these we sampled 756 (718 females, 38 young) and noted that
the young-to-female ratio was an exceptionally low 5:100. There was no
evidence of widespread infant mortality in that area. Perhaps many females
had not been pregnant and failed to travel north or they had young else-
where and lost them. The population probably contained more females
than the ones in this concentration. The following winter the ratio of
young to females was also low around Yibug Caka, a mere 12:100 (n =
1381), suggesting that many of the Tian Shui females were there. By con-
trast, the adjoining East Chang Tang population had a ratio of 31:100
(n = 2146), as shown in table 3.4.
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Probably calving grounds exist or existed north of the area we surveyed.
Traveling northwest of the Tian Shui Valley at about 35°25” N, 85°00" F,
Wellby (1898) encountered many chirus of unspecified sex in mid-July
1896. He also commented on the presence of kiang and chiru just north
of Gyangnyi Caka. These may have been mostly males, as we later ob-
served just south and west of that lake.

EasT CHanG TaNG popuLaTION. The main wintering ground of the East
Chang Tang population extends in a line between the northern end of the
Amu Range and the southern slopes of the Jangngai Range, a distance of
about 110 km. Chirus once were common around Shuanghu, according
to old residents, but few now venture east of the Amu Range. The Central
and East Chang Tang populations come into contact along the Jangngai
Range. When moving north to its summer grounds, the central population
apparently moves around the western end of the range and the eastern
population crosses over or angles around the eastern end. Most of these
chirus winter in a strip of alpine steppe no more than 50 km wide.

We made an unsuccessful attempt to find the calving grounds in late
May and June 1994. On 30 May, 300-350 females and their offspring were
moving north across the hills toward the basin of Linggo Co, seemingly
the last of the migrants, and the following day farther north we observed
650-700 animals on a pass just west of Purog Kangri. All animals were
traveling northeast. A month’s search over a vast area north past Rola Kan-
gri and Dogaicoring Qangco as far as the Koko Xili Range and west past
Rola Kangri to Gyangnyi Caka revealed only males. I hypothesize that the
females moved east along the northern slopes of Purog Kangri and then
north, possibly within Qinghai, to calve somewhere near the Tibet-
Qinghai border. Hedin reported an “abundance of game, especially kulans
and antelopes” (1903) west of Rola Kangri at about 35°15" N, 87°50" E,
but we noted only males in that region. Farther north, at about 36° N just
south of the Muztag massif, he noted “abundant droppings of khulans (wild
asses) and antelopes.”

The chirus between Shuanghu and Yibug Caka represented the main
winter concentration of this population. Small concentrations also occur
farther north in uninhabited terrain where we did no winter work. Ac-
cording to a truck driver who accompanied Shuanghu officials on hunts,
both male and female chirus were found at the following localities between
October and December: in the hills just south of Linggo Co, near the
southeastern corner of Dogai Coring, at the base of the hills southeast of
Rola Kangri, and, sparsely, near Dogaicoring Qangco. Females in these
areas need to travel only a relatively short distance to the calving grounds.
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As in every population, a few females do not travel north, and these
are, with rare exception, not pregnant. But on 23 June 1991, one heavily
pregnant female, accompanied by a 1-year-old male, was observed 50 km
southeast of Shuanghu.

QinGHAT POPULATION. The main wintering grounds of this population ap-
pear to be in the southwestern corner of Qinghai, where we encountered
concentrations in the upper Tuotuohe and Golo Valleys. A calving ground
may lie about 200 km to the northwest of these areas near the Tibetan
border where Wellby (1898) saw many chirus in late July 1896 near Lixioi-
dain Co and Feng (1991b) observed about 2500. However, it remains un-
clear whether this concentration is part of the East Chang Tang or the
Qinghai population. (The Epilogue provides further information.)

Some chirus fail to move north in summer. In July, Hedin noted that
in the southwestern corner of Qinghai “game was extraordinarily plentiful
thereabouts. We saw fully half-a-dozen herds of orongo antelopes (Pantho-
lops Hodgsoni), each consisting of a score of individuals” (1903).

Migration of males

Adult and most yearling males associate little with females during summer.
For example, in July 1991 and June 1994 we traveled widely within an area
of about 40,000 km- extending from the Jangngai Range and Purog Kangri
north 200 km to Gyangnyi Caka and beyond Dogaicoring Qangco. Ex-
cluding one concentration of females near the Tian Shui Valley, we tallied
1962 males, 12 females, and 1 young. In late June and July 1991, we
checked the winter range of chirus between Shuanghu and Yibug Caka
and tallied 146 males and 11 females which had not migrated north. A
count in the Aru Basin during July 1992 gave a tally of 1050—1100 males
and 52 females.

The males were widely dispersed singly and in small herds even in areas
through which females did not migrate. However, certain localities had
concentrations, as in the Aru Basin. Such localities were noted in the west-
ern and eastern parts of the reserve, not the central part.

In June 1994 we observed many tracks of males heading east past Yupan
Hu, a small lake northwest of Dogai Coring. A week later, on 12 June,
many males were encountered about 60 km east of Yupan Hu among high
hills at the eastern end of Rola Kangri. A total of 507 males was counted
in 17 km and the tally for the day was 718, most animals traveling slowly
east and northeast. These males were about 250 km north of the main
winter area of the East Chang Tang population. They appeared to have
a distinct migration route different from that of the females (fig. 3.2). After



S6 CHAPTER THREE

several days this concentration had dispersed, some males possibly to
Qinghai and others locally. For instance on 16 June, 101 males in several
herds were in a shallow bay of Dogaicoring Qangco. No comparable mass
movement of males was observed elsewhere.

Males exhibited at least three types of movement patterns. Some re-
mained on their wintering grounds all summer. For example, the census
block near Garco (table 3.2) had 73 chirus, all males, in July, the same
area which in December would be a principal rutting site. Many males
traveled at least a short distance to a summer range. Those in the Aru
Basin probably belonged in that category. Nomads told us that chirus con-
gregate for the rut in the valleys west of the Aru Basin that few males
spend the summer in those valleys, and that only some remain in the basin
during rutting season. Males also moved far from their winter areas, usually
northward, dispersing widely, and then in autumn probably returned to
places where chirus traditionally rut. Consequently males, in contrast to
females, tended to be scattered throughout the range of the species.

Adaptive value of migration

Studies of such migratory ungulates of the African savannahs as white-
eared kob (Fryxell 1987) and wildebeest (McNaughton 1985; Fryxell 1995;
Murray 1995) have shown that movements are linked to seasonal changes
in forage quality. Migrants are thought to have greater access to nutritious
food than residents and to use this food more efficiently. Saiga antelope
populations in Kazakhstan migrate erratically, their movements deter-
mined by a need for nutritious forage, especially in drought years, and by
avoidance of areas with deep snow that may cause mass starvation (Hept-
ner, Nasimovic, and Bannikov 1966). On the eastern steppes of Mongolia
at least one large population of Mongolian gazelles travels south in Octo-
ber and November and remains until early March along both sides of the
Mongolia-China border before traveling north again. Since heavy snows
on the steppes are most likely between December and March, the migra-
tion may in part have evolved to escape them. Springbok in southern Africa
once made mass movements, apparently a means of dispersing when popu-
lations are high (Child and Le Riche 1969). Migration also benefits ungu-
lates in that they avoid the full impact of predation because a predator may
not be able to follow the herds, being tied to a certain locality by small
young or territorial imperatives (Fryxell, Greever, and Sinclair 1988). Why
do chirus migrate? The fact that males and females have different move-
ment patterns suggests that the behavior differs in its adaptive value for
each sex. Four facts might have an influence on movements.
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Foop quaLity. Most chirus of both sexes leave their winter range just as
the first spring growth appears and move north into vegetation which is
still dormant or has barely begun to green. The females travel into such
conditions in their last month of pregnancy, a time of nutritional stress.
This tendency is especially marked in the West Chang Tang population,
in whose summer range green forage is almost unavailable until after the
animals give birth. Plants on the calving grounds are possibly high in phos-
phorus levels, an element needed for milk yields and proper development
of young (Murray 1995). Certain plants may also be highly nutritious.
Ceratoides, a common dwarf shrub, may reach protein levels of 30% in the
Pamirs (Walter and Box 1983b). However, the females turn southward
with their newborns soon after parturition, just at a time when new plant
growth at the calving site is at its most vigorous, to end their three-month
travel circuit back on the alpine steppes after the vegetation there has
passed its peak nutritional state. Such a stressful sojourn during late preg-
nancy and lactation must have or once have had a powerful adaptive advan-
tage, but I was unable to relate it to forage quality.

Male chirus, by contrast, migrate or move more leisurely than the fe-
males, taking advantage of the spring growth and at times concentrating
at particularly favorable sites. As the summer progresses, they tend to move
higher into the hills where the variety of plants is greater and growth stage
younger and hence more nutritious. Few animals remain on low-lying
steppe at that season.

INSECT HARASSMENT. Mosquitoes, blackflies (Simuliidae), horseflies (Ta-
banidae), and two species of parasitic dipterous flies (Oestridae) may affect
movements of caribou and survival of their young (Helle and Tarvainen
1984; Walsh et al. 1992). Only a few horseflies and the oestrid flies occur
in the Chang Tang. One of these oestrid flies, the warble fly, parasitizes
virtually all chirus (see below). Since the larvae often infest the animals in
large numbers, they could affect health. However, the flies are active from
June into September in both alpine and desert steppe, and chirus cannot
escape by migrating.

PrepaTION. Synchronous births among large ungulate aggregations re-
duce predation rates on newborns by swamping predators with a surfeit
of vulnerable prey (Estes 1976). Animals reduce the predation risk even
more by migrating. Chirus move into desolate terrain where prey densities
and therefore predator densities are low for much of the year. Wolves, the
chiru’s principal predator, tend to be sedentary, with young in dens, at the
time of the northward migration. Female chirus no doubt dilute the impact
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of predation by moving north en masse. But measured against this poten-
tial benefit is the stress of a long migration and probably an increased risk
of death to newborns from inclement weather at high elevations.

AvoIDANCE of DEEP sNow. Occasional heavy snows may make it so ener-
getically costly for chirus to obtain forage that many die of malnutrition
(see below). At such times the animals make aberrant movements in search
of forage quite unlike their regular annual migrations. The northward mi-
grations in spring enter a region of lower precipitation but also colder
weather, where a snowstorm on the calving grounds is more likely than a
rainstorm. The migrations appear unrelated to snow cover, at least under
present conditions.

VEesTigiaL BEHAVIOR. The climate of the Chang Tang fluctuated during
the Pleistocene and Holocene, cold and dry periods alternating with rela-
tively warm and damp periods. These changes were marked by the advance
and retreat of glaciers, lowering and raising of lake levels, and shifts in
vegetation zones (see chapter 2). Patterns of chiru migration were possibly
established when it was nutritionally adaptive for females to move north,
and the behavior was then retained, there being no strong selection against
it. The current migratory routes sometimes suggest tradition rather than
logistic pragmatism. Chirus bypass the easy route through the Aru Basin
perhaps because glaciers were once so low and lake levels so high that the
way was impractical. In the eastern Chang Tang, chirus possibly detour
east high along the foothills of the Purog Kangri because Dogai Coring,
70 km long today, was an even larger lake in the past and barred direct
access to the north.

A variety of factors may be additive (Fryxell, Greever, and Sinclair
1988), each contributing a modest advantage to the productivity of chirus,
with the result that migrations persist.

Total number of chirus

Because chirus are sexually segregated by season, migratory, and wide-
spread at varying densities, numbers can be estimated with accuracy only
on the basis of an aerial census throughout the reserve at a certain time
of year. It was not possible to conduct such a census. We counted animals
of the East Chang Tang population on their southern winter grounds but
do not know how many remained farther north; we observed the West
Chang Tang population on migration but have little idea what percentage
of the populaton passed us. Hunting chirus for their wool (see chapter
15) has been so heavy that counts made in 1990 no doubt fail to reflect
numbers in 1995. The fragmentary data on numbers from inside and out-
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side the reserve were presented earlier. My estimates are based on these
data and on general impressions obtained during my travels through the
chirus’ range; they represent little more than guesses and should be viewed
as such.

In 1992, we observed about 7500 females and young migrate past the
Aru Basin, and there may have been double that number. If the dispersed
males and others are added, the whole West Chang Tang population con-
tained perhaps 25,000 animals. A part of the Central Chang Tang popula-
tion winters in the Yibug Caka region, where, in 1991, we tallied over
1775 chirus; an unknown number was to the west and north. The whole
population probably numbered at least 5000-7500. Many animals of the
East Chang Tang population were in the Tsasang and Garco areas during
winter. A census there in 1991 produced 2125 animals. These chirus and
the ones outside the survey area to the north probably indicated a popula-
tion of 5000 or more animals. Thus, about 35,000-40,000 chirus may have
been present in the reserve during the early 1990s. In addition, a few thou-
sand animals occurred scattered in small herds outside the reserve, raising
the total for Tibet to roughly around 45,000, an estimate that is similar
to the 43,000-58,000 proposed by Liu and Yin (1993).

In Qinghai, 6000-7000 chirus were estimated to be present in the
southwest (Feng 1991b), and there were also several thousand animals in
and around the Yeniugou and a few east of the Lhasa-Golmud highway.
Possibly 10,000-12,500 chiru survived in the province. Except for a few
hundred chirus in the Aksai Chin area, most animals in Xinjiang were
in or near the Arjin Shan Reserve. Perhaps no more than 10,000-15,000
remained in Xinjiang.

If these figures are of the correct magnitude, then the total for the whole
plateau would be 65,000-72,500. Whatever the precise number, fewer
than 75,000 chirus may now remain in existence.

Population and herd dynamics

Population composition is difficult to ascertain except when animals have
congregated for the winter rut. Not only are the sexes segregated and
widely dispersed for much of the year but each sex also may form certain
associations. Females with young and without young may each congregate,
and adult males occasionally form large herds, something that is not seen
among yearling males. Chirus give birth in the second half of June and
early July to a single young, and these young are here termed yearlings
after they reach about 1 year of age. As with many medium-sized ungulates,
females probably first conceive at the age of 1.5 or 2.5 years and give birth
at the age of 2 or 3 years. (T'wo young females, 11 months old, which were
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Table 3.3 Composition of two migratory chiru populations in late August
and September 1990

Central Chang Tang East Chang Tang

Sample size 1250 621

Adult male 278 (22.2%) 115 (18.5%)
Yearling male 78 (6.2) 20 4.7)
Adult female 580 (46.4) 293 (47.2)
Yearling female 76 (6.1) 30 4.8)
Young 238 (19.0) 154 (24.8)
Males: 100 females 54.3 4.6
Yearlings: 100 females 23.5 18.3
Young:100 females 36.3 47.7

killed by poachers, were not pregnant.) Subadults grow rapidly, so much
so that yearling females are often difficult to distinguish from adults after
the age of 15 months, and I then place the two into one category. Each
migratory population is analyzed separately because differences in habitat
and vagaries of weather may have an influence on composition, especi-
ally on the percentage of young. The following age and sex classes are

here recognized: young, yearling male and female, and adult male and
female.

Population composition

The ratio of males to females (yearling and adult combined) varied consid-
erably even when a population was on its winter range, apparently because
males continued to arrive at these areas throughout the early winter. For
example, the ratio in the East Chang Tang population increased from 45:
100 in September to 75:100 in December (tables 3.3 and 3.4). Most males
are probably near the females during the December rut. But during that
month in 1991 the ratio in the Central Chang Tang population was 52:
100 and in the East Chang Tang population 75:100 (table 3.4), a difference
for which I have no satisfactory explanation. Between 1990 and 1993, the
combined Central and East Chang Tang populations averaged 29% males
(of which 6% were yearlings), 53% females, and 18% young. Migratory
populations in some other ungulate species also tend to have a skewed sex
ratio favoring females (Kelsall 1968; Fryxell 1987). The causes contribut-
ing to a higher mortality of adult chiru males remain unclear. Yearling
males and females, 14-15 months old, were present in about equal number
in the Central Chang Tang and in the East Chang Tang populations in
1990 (table 3.3).

The ratio of young to females varied considerably from year to year,
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Table 3.4 Composition of three migratory Chang Tang chiru populations during winter

Central East Qinghai
10/1993 12/1991 10/1993 12/1991 11/1993
Sample size 770 1381 2126 2146 471
Adult male 105 (13.6%) 352 (25.5%)  +44 (20.9%) 637 (29.7%) 95 (20.2%)
Yearling male 36 (6.0) 88 (6.4) 124 (5.8) 147 (6.8) 48 (10.2)
Female 428 (55.6) 839 (60.7) 1073 (50.5) 1041 (48.5) 225 (47.8)
Young 191 (24.8) 102 (7.4) 485 (22.8) 321 (15.0) 103 (21.7)
Males: 100 females 35.3 524 52.9 75.3 63.6
Young: 100 females 44.6 12.2 45.2 30.8 45.8

probably determined by snowstorms or other inclement weather at calving
time, as has been documented for caribou (Kelsall 1968). In 1993, a benign
year, the ratios in three populations were similar, about 45:100, during
winter when young were at most 6 months old (table 3.4). In 1990 only
a modest difference in ratios existed between the Central and East Chang
Tang populations (36:100 and 48:100), whereas in 1991 the difference was
considerable (12:100 and 31:100). The reason for the virtual reproductive
failure in the Central Chang Tang population in 1991 is unknown, but a
paucity of young was already noted in July, suggesting some disaster on
the calving grounds. In August 1990, the ratio of young to females in the
West Chang Tang population around the Aru Basin was 49:100 (n = 681),
whereas two years later, after heavy snows during the birth season, it was
somewhat lower, at 40:100 (» = 2812). Thus, under normal circumstances
the ratio of young to females ranged from about 30:100 to 50:100. These
low figures indicate that up to about half the young die within a month
or two after birth, a situation similar to other migratory species, among
them wildebeest (Sinclair 1979), caribou (Kelsall 1968), white-eared kob
(Fryxell 1987), and Mongolian gazelles (this study.)

Mortality in young during their first winter continues to be high. In
October 1993, the ratio of young to females was 45:100 in the East Chang
Tang population (table 3.4). In late May the following year the ratio of
female young to females was 15:100. Assuming that young males, most
of which had by then left their mothers, were equally abundant, the ratio
would be 30:100. About a third of the young had died that year in the
seven months between early winter and spring.

Yearling males averaged 6% in the populations (tables 3.3 and 3.4), and
if the percentage of females was similar, then annual recruitment was about
12%. Given an average of 47% adult females in the populations, this year-
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Table 3.5 Tooth eruption in the lower jaw of chirus

Incisor Premolar Molar
Age (mo.) 1 2 3 4 1 2 3
4 D D D D ()
11-12 D-(P) D D D P P (P)
16-18 (P)-P D D D-(P) P P (P)
2326 P (P)-P D-P P)-P P P (P)-P
28 P P P P P P (P)-P
36 P P P P P P p

Note: D = deciduous tooth; P = permanent tooth; () = tooth erupting.

ling figure indicates that at least two-thirds of the chirus died between
birth and the age of 2 years.

Mortality

Chirus were killed by predators and hunters and they died of disease, star-
vation, and inclement weather. In most instances only a set of old horns
or some stripped bones attested to a chiru’s demise, making it impossible
to deduce cause of death. Predator kills and disease deaths were seldom
noted, but on one occasion, after a heavy snowstorm, starved animals pro-
vided a large sample of bodies. Trapped and shot chirus were also exam-
ined in three hunting camps.

When cause of death was known, the lower jaw was usually collected
for later aging by tooth eruption and wear and by counting the annuli on
the first incisor, a technique well developed for ungulates of temperate
climates (Schemnitz 1980). Chirus begin to replace the deciduous with the
permanent first incisor at the age of about 12 months, an age when the
third molar also appears. The animal has its full permanent dentition at
about 28-30 months of age (table 3.5). When older than 2.5 years, chirus
could only be assigned a relative age, based on the amount of wear on the
infundibulum in the center of each molar cusp. These infundibula wear
off in sequence, starting with the anterior one of the first molar, and it is
assumed that wear is correlated with relative age (see table 3.7). In addition,
the annuli of 41 sectioned incisors were counted by Matson’s Laboratory
(Milltown, Montana). The annuli were in most cases so irregular or indis-
tinct that the results could not be used. Only 16% of the teeth were aged
with what was considered a good reliability. In many instances, tooth wear
and annuli counts showed little relation. The oldest animal, based on an-
nuli, died at about 8 years of age.
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Table 3.6 Parasites in feces of Chang Tang ungulates (number of occurrences)

Protozoans Cestodes and nematodes

Sample Ento- Anopo-  Entero- Tricho-

size amoeba  Coccidia*  cephalat bius Strongyle  strongyle
Chiru 4 1 4 — 3 — —
Argali 1 1 1 - - ! —
Blue sheep 1 1 — — — — —
Gazelle 1 1 1 — — — -
Wild yak 2 1 — — — — —
Kiang 2 — — 2 — 2 2
Domestic sheep/goat 5 — 5 — _ 1 _
Domestic yak 1 — — 1 — — —

Note: Analyzed by Judy Kramer, Wildlife Conservation Society.
*Possibly Eimeria.
tPossibly Moniezia.

DiseasE AND PARASITES. According to pastoralists, a disease of unknown
etiology may cause widespread death among chirus. A local veterinarian
said that a “bleeding disease” (possibly hemorrhagic septicemia) kills them,
one that also affects domestic yaks. “A disease has destroyed nearly every
antelope,” wrote Rockhill (1894).

On 3 August 1992, we found two females near each other at the north-
ern rim of the Aru Basin, one dead and the other struggling on its side
unable to rise. The animals were returning from the calving grounds, and
both were lactating. The fat of the bone marrow of one was partially de-
pleted and of the other, a two-year-old, wholly depleted. The lungs of both
females had large yellow splotches, which in a laboratory were diagnosed as
vascular congestion with acute bacterial infection causing severe pneu-
monia.

A few fecal samples of chirus and other ungulates were collected in July
1991 for a preliminary check on intestinal parasites (table 3.6). Definite
identification of cysts and ova is at times difficult, but the results are indica-
tive. Chirus harbored two kinds of protozoans and a nematode (Entero-
bius), sharing the former with several other ungulate species, wild and do-
mestic. The parasite burden was light to moderate. However, these
parasites can become pathologically significant if the infestation is heavy
or the animal’s nutrition is marginal.

Chirus are infested with large grubs of a warble fly (family Oestridae)
which “live below the skin of the rump, thriving and fattening on the flesh
underneath” (Rawling 1905). The adult warble flies (probably Hypodernia)
are large, black, and hairy, and they have a reduced proboscis; they mainly
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parasitize chirus, seldom affecting livestock or other wild ungulates, ac-
cording to local people. In caribou (Kelsall 1968), as probably in chirus,
the fly lays eggs on the hairs at the back of the legs. The larvae bury into
the skin and migrate to the lower back, where they cut breathing holes.
They develop there, encased in a fibrous sac, until the following spring,
when they escape through the breathing holes and pupate on the ground.
According to our informants, larvae leave the chirus in June when the grass
greens. Several chiru hides had over 50 perforations or scars each. Three
chirus, examined between June and early August, had one or more larvae—
blackish, corrugated creatures 2.5 cm long and up to 1.4 cm wide. Heavy
warble fly infestations weaken caribou and in extreme cases cause death
(Helle 1980).

Another oestrid fly, the nostril fly, also affects ungulates on the Tibetan
Plateau. The fly deposits larvae into nostrils, and these then attach them-
selves in the frontal sinuses and around the throat entrance. “A species of
gad-fly called il tormented the horses, and made them nervous and rest-
less by getting into their nostrils. The kulans [kiang] protect themselves
against these insects by keeping their nostrils close to the ground when
they graze, the orongo antelopes by spending the hot part of the day deep
in the belt of sand” (Hedin 1903).

The animals modify their behavior to such an extent when an oestrid
fly appears to be near them that the evolutionary impact of the parasitism
must be considerable. An animal may stand with muzzle close to the
ground, twitching its skin or kicking a leg, and it may run with head low
and buck. Sometimes 50 or more chirus congregate and crowd on a mud-
flat or stand knee-deep in the shallows of a lake, remaining there for hours
until in late afternoon they disperse to forage. They also cluster on patches
of overflow ice (4ufeis) or high on snow-covered ridges. An unusually large
number of males and females were solitary in September (see below). Such
behavior seemed designed to avoid oestrid flies, but at the same time it
affected an animal’s daily activity cycle. Similar responses to insect harass-
ment were noted in caribou (Walsh et al. 1992).

Chirus have long been known to paw bowl-shaped hollows in sandy
and silty soil, roughly circular hollows 110-120 cm in diameter and 15~
30 cm deep. These hollows are distinctive, quite unlike the shallow scrapes
made by blue sheep and argalis on a hillside for resting, the trampled and
churned depressions created by wallowing yaks, the fan-shaped pawed sites
at gazelle latrines, or the irregular holes and trenches with their litter of
feces dug by kiang. In addition to being regular in shape, chiru hollows
lack feces. Chirus of all ages and both sexes paw hollows, and the animals
lie in them as if to conceal themselves. A plain sometimes seemed empty
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until at our approach various animals suddenly arose from their hollows.
These hollows are mostly in use during summer, especially on calm, warm
days. They are on rare occasions also excavated in winter, but I did not
see them in use at that season. Sometimes two hollows are within 2-3 m
of each other or a young constructs one next to its mother’s, but typically
hollows are dispersed.

Rawling noted that “when chased or alarmed, bucks and does will often
throw themselves into these holes, where their bodies remain hidden”
(1905). I did not observe such behavior. From their hollows, chirus “can
detect any threatening danger at a great distance” (Kinloch 1892), a rea-
sonable assumption. After noting three fresh hollows in November 1986,
we speculated that they may “have some function during the rut, animals
leaving scent from the inguinal glands in them” (Schaller, Ren, and Qiu
1991). Further work did not verify this. The seasonal use of hollows, their
dispersion, and the lack of feces appear related and suggest that the hollows
function primarily to conceal chirus from oestrid flies, which probably find
hosts by sight and smell.

PrepaTION AND HUNTING. Wolves, snow leopards, lynx, and probably
brown bears prey on chirus (see chapter 11), but few fresh kills were found.
Almost all age classes were represented among the seven wolf kills. Of
note is that among the 137 chirus dead from various causes (table 3.7) only
5 were old, with intundibula worn off the first and second molars, and 2
of these were wolf kills. The kills also included a heavily pregnant female
and a partially blind yearling, suggesting that wolves tended to select vul-
nerable prey.

In October 1985, after a heavy snowstorm, many chirus ventured near
the Lhasa-Golmud road in Qinghai, where the dogs of pastoralists and
road workers often killed them. Deep snow impeded escape, and malnutri-
tion reduced the flight distance of animals to potential danger, so much
so that chirus permitted my approach on foot to within 50 m or less. Four-
teen of 19 dog kills were young or yearlings (table 3.7). When a dog ap-
proached one herd, the chirus bunched and fled, but after 200 m a young
lagged and the dog grabbed and shook it. On another occasion, a lone
female faced a dog at 6 m. The dog circled, as if trying to attack the chiru
from the rear, but she turned too, always facing it, until after five minutes
the dog departed. The bone marrow in the femur of 15 kills was checked
and the fat in all was depleted, the marrow consisting of a reddish, gelati-
nous mass.

I examined 27 chirus which had been killed by pastoralists, 17 of them
males. Seven (26%) of the animals were yearlings, and the remainder were
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Table 3.7 Chiru mortality from various causes by age and sex

Predator Dog Poacher

kills kills* kills Disease Malnutritiy

Age (mo.) or toothwear

3

3

11-12

14-18

23-25

28

Permanent dentition; lit-
tle or no wear

Infundibulum worn half
off M1

Both infundibula off M1

Infundibula off M1 and
half off M2

Both infundibula oft M1
and M2

One or more infundibula
off M3

Adult molar wear not

checked

74

In—l\)l

4 '

| »—-»—-I\J‘

[a—

I S

81t

*Qct. 1985.

1Oct.—Nov. 1985. See table 3.8.

$The young were not sexed.
§Lynx kill; all others are wolf kills.

adults in their prime. Illegal hunting of chirus is discussed in chapter
15.

INnyuries. One female with a broken foreleg was seen, the only major in-
jury noted. During the rut, males may fight until “blood flows freely”
(Rawling 1905). “The combat is fierce, and the long sharp horns inflict
terrible wounds, often causing the death of both antagonists” (Prejevalsky
1876). However, we did not observe such vigorous fighting.

Deep snow. On 17 October 1985, a blizzard deposited about 30 cm of
snow over southwestern Qinghai, the heaviest such snowfall in at least 30
years. We visited the area from 22 October to 10 November 1985 and
again from 18 to 29 November 1986 to assess the impact of that snowfall
on the wildlife. Most work was done along about 250 km of the Lhasa-
Golmud road from near Kunlun Pass south past Tuotuohe. The northern
part of this area near Wudaoliang was less affected by the snowfall than



3.6. An adult male chiru in winter pelage paws a crater in the snow to expose forage.
(October 1985)

the vicinity of Tuotuohe. Snow confined us near the road in 1985, except
for a 9-day cross-country survey to the east on a tractor, but in 1986 off-
road travel presented few problems.

Sun and wind usually clear snow away from exposed sites within days.
However, unseasonal calm and cold followed this blizzard; temperatures
at night dipped below —40°C. Unable to obtain forage except by digging
craters in the snow with sweeps of a foreleg, the animals expended much
energy to obtain little nourishment (figs. 3.6 and 3.7). Many chirus left
their traditional winter range and moved east to the vicinity of Tuotuohe.
Travel in knee-deep snow further depleted their energy reserves. Chirus
are in some respects not well adapted to cope with snow. The live weight
of an animal divided by its total track area provides a measure of relative
adaptation to life on top of snow. Asiatic ibex have an average supporting
area of 848 g/cm’; mouflon sheep, 662 g/cm?; and a chamois, 200 g/cm’
(see Schaller 1977b). The lower the figure, the easier travel on snow.
Chirus, which seldom have to contend with deep snow, have a supporting
area of 411 g/cm?, based on hoof measurements of two females. Caribou,
which often encounter snow and are well adapted to it, have a support-
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ing area of 140-180 g/cm- (Kelsall 1969). Given the unusual snow condi-
tions, many chirus were physically weak by late October and began to
die.

We examined 12 probable malnutrition deaths around Tuotuohe in
1985: 1 adult male, 1 yearling male, 4 females, and 6 young. The marrow
of 7 of these animals was checked and in every instance it was devoid of
fat. This small sample suggested that the blizzard particularly affected the
young. In 1986, we discovered the skeletons and mummified bodies of 193
chirus within about 15 km in the upper Tuotuohe Valley. This sample, as
the one in 1985, contained fewer adult males and more young than would
be expected from the population composition (table 3.8). From these re-
mains we collected a sample of 88 female jaws: 11 yearlings, 76 adults, and
1 unaged animal (table 3.7). All age classes were represented, but only 3
of the animals were old, suggesting that few chirus reach an advanced age.

Since a large animal has a lower metabolic rate and lower food require-
ments per unit weight than a small animal (Moen 1973), an adult male
chiru would require proportionately less energy than a young chiru to
travel in snow and dig for food. Furthermore, adult males probably had
ample fat deposits just before the rut (one male had much kidney and mes-
enteric fat on 22 November 1986), whereas females and young had rela-

3.7. A 16-month-old male chiru forages on a patch of open ground. (October 1985)
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Table 3.8 Actual and expected number of malnutrition deaths among 193 chirus
examined at Tuotuohe, Qinghai

Age and sex class Actual number Expected number
Adult male 3 32
Yearling male 20 8
Female 89 102
Young 81 51

Source: After Schaller and Ren 1988.

Note: The expected number is based on a sample of 1726 chirus classified in QOctober
1985. Chi-square test showed significant difference from the expected (x° = 300.54,
df =3, P < 0.001).

tively low reserves, the former after migration, pregnancy, and lactation,
and the latter because of rapid body growth. Had the blizzard occurred
after the rut, after this period of great energy drain, many chiru males
might also have died. For example, a severe winter killed disproportion-
ately many pronghorn males after the rigors of the rut had depleted their
fat reserves (Martinka 1967). Dead chirus had grass in their rumen, indicat-
ing that malnutrition, rather than lack of food, caused death. Much of this
grass consisted of coarse stems, a plant part normally not eaten by chirus
in winter because of its negligible nutritional value. (Other ungulates at
Tuotuohe were also affected by the blizzard. Many gazelles and a few ki-
angs died, as did nearly two-thirds of the 86,000 sheep and goats in the
area and half of the 8200 domestic yaks.)

Atleast 5 of 9 females examined in 1985 were lactating at death, indicat-
ing that starving young were able to supplement their diet with milk. Anal-
ysis of milk from a wolf-killed female in October 1993 showed 52% fat
(on a dry-matter basis) and 30% proteins, a composition typical of, for
example, pronghorns and deer (E. Dierenfeld, pers. comm.).

The composition of the chiru populations around Tuotuohe and Wu-
daoliang differed in 1986 and 1985 (table 3.9). The proportion of adult
males was higher in both populations in 1986. Small sample size may be
partly responsible for this difference, but low male mortality in 1985 prob-
ably contributed to it. The blizzard had, however, a significant impact on
number of young. The ratio of young to females was 50-58:100 in 1985,
whereas a year later no young were seen around Tuotuohe and only a few
(17:100) near Wudaoliang. Because females entering the 1985 rut were
in poor condition, many may have failed to come into estrus or to conceive,
and fetal survival rates may have been low. Whatever the reason, the bliz-
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Table 3.9 Composition of two Qinghai chiru populations in the winters of 1985 and 1986, showing
impact of the October 1985 blizzard

Tuotuohe Waudaoliang
10/1985 11/1986 10/1985 11/198

Sample size 1528 274 198 968
Adult male 253 (16.6%) 146 (53.3%) 37 (18.7%) 295 (305
Yearling male 65 #*.3) 3 (LD 17 (8.6) 105 (108
Female 809 (52.9) 125 (45.6) 91 (46.0) 485 (50.1)
Young 401 (26.2) — 53 (26.7) 83 (&4
Males: 100 females 39.3 119.2 59.3 823
Young: 100 temales 49.6 — 58.2 17.1

Note: The Tuotuohe population is migratory; the Wudaoliang population probably is resident.

zard not only killed many young in 1985 but also caused virtual reproduc-
tive failure in 1986.

One catastrophe decimated chirus, altered the age and sex composition
of populations, and reduced reproductive success for two years. Such
events, though rare, may have a long-lasting impact on the dynamics of
populations. Przewalski reported a severe blizzard in this same region in
1870 (Prejevalsky 1876). Hedin (1903) found an area littered with skele-
tons, probably the consequence of a heavy snowfall, as did Bonvalot when
he came to “a valley strewn with the bones of animals such as arkars [arga-
lis], koulans, yaks, orongos” (1892).

East African migratory ungulates such as wildebeest and white-eared
kob are regulated by food abundance, specifically by the amount of nutri-
tious grass in the dry season, with predation affecting primarily the nonmi-
gratory species (Sinclair 1975; Fryxell 1987). Chiru populations are most
drastically affected, though only partially regulated by, inclement weather.
Spring snows probably cause heavy mortality of newborns, and occasional
winter blizzards deprive animals of access to food. Wolves may once have
had a considerable impact on chirus, but predators have been decimated
in recent years. During this century, hunting has reduced and continues
to affect chiru numbers to such an extent that the long-term impact of
natural regulatory mechanisms is now of secondary importance.

Herd size and composition

Przewalski noted that chirus are “found in small herds from five to twenty,
or forty head, rarely collecting in large troops of several hundred” (Preje-
valsky 1876). While this is true, herd dynamics greatly varies by sex and
season as herds change in size and composition and animals shift associa-
tions. As with many ungulate species, the only long-lasting association is
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between a female and her young, a bond which may persist well into the
offspring’s yearling stage. All other associations appear to be unstable, last-
ing from minutes or hours to perhaps days. Three types of herds were
evident: males (yearling and adult) were often either alone or in all-male
herds; female herds consisted of only females (yearling and adult) with
their young; and mixed herds contained one or more animals of both sexes.
I attempted to count each herd and to classify every member, but this was
not always possible with shy, large herds.

Mare HERDS. Except near and during the rut, adult males forage and
travel separately from the females for much of the year or associate with
them only briefly and casually. Most male young leave their mothers
when 10-11 months old and join others of their age or associate with
adult males until early winter, when, like the adult males, many join mixed
herds.

The size of male herds varied considerably in different parts of the
Chang Tang Reserve during summer (table 3.10). Males concentrated in
the Aru Basin, with over 1000 there in July and August 1992. Sixteen per-
cent of the males were solitary, and of these 77% were adult and 23%
yearling. Over half of the males were in herds of 2-20, the largest herd
numbered 82 animals, and the mean was 6.6 (Schaller and Gu 1994). How-
ever, large herds in which it was not possible to classify every individual
or which contained a female or two were not included in these computa-
tions. For example, 149 chirus stood clumped on a patch of Aufeis and of
these 134 were adult males, 13 were yearling males, and 2 were females.
Other large herds which may have included several females numbered 103,
140, 181, and 364; one herd contained an estimated 450. If added to table
3.10, such herds would raise mean and median size greatly. Male herds
with over 100 animals were not encountered in other parts of the reserve.
In Xinjiang’s Arjin Shan Reserve, Achuff and Petocz found that “the largest
herd observed . . . comprised 356 male chiru dispersed over the South
Aqik Lake Plain in a number of smaller bands” (1988).

North of the Aru Basin in the Toze Kangri region, the largest male
herd contained 12 individuals (table 3.10). That June thousands of females
and their offspring migrated through the area. Over 2000 animals passed
Yue Ya Hu, but no adult males and only a small number of yearling males
were with them. Of 230 adult males tallied in the region, only 15 (6.5%)
were in mixed herds, indicating little association between the sexes even
when females were abundant. In the Central Chang Tang populadon, male
herd size did not exceed 13, and more animals were alone (40%) than in
the other samples. Over 800 females and young were concentrated at one
site, with only 5 adult males and 1 yearling male among them. Herd sizes
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Table 3.10 Size distribution of male chiru herds on the summer range

Population
West West
(Aru Basin) (Toze Kangri) Central East
Month/year 7-8/1988, 1990, 1992 6-7/1992*  6-7/1991, 1994  6/1994
Total animals sampled 1211 253 423 1679
Number of solitary animals 193 46 169 167
Number of herds 155 52 87 206
Mean herd size 6.6 4.0 2.9 73
Median herd size 10.5 4.5 2.5 114
Herd sizes
1 15.9% 18.2% 40.0% 9.9%
2 9.2 16.6 22.7 6.
3 7.4 9.5 13.5 6.6
4 4.6 11.1 9.5 4.5
5 4.5 7.9 5.9 7.4
6 3.5 11.9 — 43
7 3.5 5.5 1.6 4.6
8 33 6.3 1.9 38
9 2.2 3.6 — 2.1
10 2.5 —_ 4.7 3.6
11-20 12.8 9.5 0.2 17.9
21-30 10.5 —_ _ 8.4
31-40 2.8 — — 43
41-50 — — — 54
51-100 16.9 — — 10.9

*Young males, 11-12 mo. old, were considered yearlings.

in the East Chang Tang population were similar to those in the Aru Basin;
the largest herd numbered 98 animals.

After leaving their mothers, yearling males typically associated with
adult males, as an example from a June survey of the East Chang Tang
population showed. Of 1679 males alone or in male herds classified, 18.9%
were yearlings. Most yearlings (80%) were in herds with at least one adult
male. Few of the others were solitary and the rest were with 2—4 peers.
When both adults and yearlings were in a herd, the latter composed about
10-50% of the total number of males (fig. 3.8), a variation without obvious
pattern except that yearlings seemed to prefer the company of adult males.
Yearlings probably learned travel routes and favorable feeding sites by fol-
lowing adults.

Males tended to remain separate from females even after the sexes began
to share the winter range. In late August and September many males were
alone (30.7%), mean herd size was a low 3.7, and 74.7% of all males (#
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= 479) remained solitary or in male herds. Changes occurred in October,
the onset of winter, when most solitary males joined male herds, raising
mean size to 9.2 (table 3.11). However, 70.2% of all males (» = 705)
remained separate from the females, a figure similar to the previous
month.

Data during November, with the rut imminent, were collected only in
Qinghai. In late October and early November 1985, a time of deep snow,
chirus atypically migrated in search of forage, often in mixed herds. Only
30.4% of the males (n = 395) were alone or in male herds at that time.
Of these, few (2.8%) were alone, and male herds were of about average
size with a mean of 6.4 (table 3.12). Conditions in November 1986 were
more normal. Fifty-two percent of the males (» = 547) were not associated
with the females, and of these 7.5% were alone and the rest in herds with
a mean size of 5.0. That same month in 1993, we tallied 148 males along
the upper Tuotuohe Valley, and of these 80% were in male herds (none
were solitary) with a mean size of 9.9 and a range of 4-27. There was
thus considerable variation between areas in the percentage of males that
associated with females in mixed herds during November.

Herd size

38. Percentage of male chirus of the East Chang Tang population in various herd sizes,
based on a sample of 1362 adult and 317 yearling males.
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Table 3.11 Size distribution of male chiru herds in autumn and early winter; Central and

East Chang Tang populations

Month/year
Late 8-9/1990 10/1993
Total animals sampled 358 495
Number of solitary animals 110 18
Number of herds 67 52
Mean herd size 3.7 9.2
Median herd size 5.3 15.9
Herd sizes
1 30.7% 3.6%
2 9.4 3.2
3 14.2 +9
4 6.7 3.2
5 2.8 8.1
6 5.0 4.9
7 7.8 2.8
8 4.5 3.2
9 2.5 3.6
10 — —
11-20 16.3 33.4
21-30 — 5.5
31-40 — 13.1
41-50 — —
51-60 — 10.3
Table 3.12 Mean chiru herd sizes (excluding solitary individuals) in Qinghai and
Xinjiang, 1985-88
Qinghai*
Xinpang
10-11/1985 11/1986 (late 5-6/1987)
No. Size No. Size No. Size
herds (range) herds (range) herds (range)
Male herd 28 6.4 (2-22) 49 5.0(2-1% 40 7.4 (2-38)
Female herd 55 5.7 (2-20) 23 5.2 2-11) 26 7.2 2-18)
Mixed herd 31 36.4 (3-279) 68 11.8 2-44) 15 11.5 (3-48)

Source: Schaller, Ren, and Qiu 1991.

*Data from the Tuotuohe and Wudaoliang areas have been combined.

During the December rut, most chirus congregated at certain sites
where males chased each other and courted females, creating constantly
shifting social contacts (fig. 3.9). The number of chirus in major concentra-
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3.9. The location of 13 rut concentration areas of chirus, December 1991. The animals
east of 87°30” E are part of the East Chang Tang population, and those to the west
are part of the Central Chang Tang population.

tions ranged from about 100 to over 1000, spread at times over a kilometer
or more. Each concentration included a variable number of adult males,
from about 2 to 8 males per 10 females, and an even more variable number
of yearling males (table 3.13). Having spent the preceding months mainly
with adult males, many yearlings now rejoined females, and 69.9% of year-
lings ended up in mixed herds. Large male herds disbanded, and many
males (32.6%) were again alone or in small male herds (21.5%), though
all were near females on the courtship site. The most striking aspect of
herd composition now was the many small mixed herds (mean size 4.7),
each with just 1 adult male. These herds were harems, but often fleeting
in composition (see chapter 14). Of the mixed herds, 79.2% had only 1
adult male associated with them and 13.7% had 2—10; only yearling males
were in 7.1% of the mixed herds (table 3.14). All mixed herds with 4
Er more adult males were relatively large, containing at least 9 mem-
ers.

Chirus were also scattered over the range away from the rutting concen-

trations. The herd composition of these animals resembled that at court-
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Table 3.13 Ratio of chiru males to females in rutting concentrations, in the Central and
East Chang Tang populations, December 1991

Approx. size of No. of animals Adult 3 3: Yearling & 4:
concentration sampled 100 @9 100 29

CENTRAL
150 138 49 22
300 214 55 12
275 227 35 5
150 62 58 24
300 157 47 13
450 272 31 7
200 117 38 11
100 74 36 4

EasT

1250 598 81 12
140 129 26 0
400 190 84 23
150 101 72 77
350 294 21 6
125 107 49 38

ship sites, with mean herd size small and only 1 adult male in most (90.6%)
mixed herds (table 3.14). Over a half of the adult males were not in a herd
with females even during the rut.

FemaLE HERDs. Females may change their herd size even more drastically
than the males, ranging from a solitary life to a crowded migrating herd
of a thousand or more. The tail end of the northward migration of the
East Chang Tang population in 1994 consisted of a few small herds, total-
ing about 75 animals, and four herds with 150-300 animals each for a total
of 900-1000. Five adult males were among them. When the females of the
West Chang Tang population passed Toze Kangri in June 1992, 65.2% of
the animals were in herds with more than 50, and the three largest herds
contained 189, 237, and 262 individuals. Over 7000 chirus of the same
population, but now including newborns, traveled south past the Aru Basin
in late July and early August. Except for 6 solitary animals, 3.2% were in
herds of 2-50, 8% in herds of 51-100, 26.6% in herds of 101-500, and
62.2% in herds exceeding 500, with the largest at least 1000.

Such large herds were evident only during rapid migratory movements.
As soon as the animals returned to their autumn and winter ranges on
alpine steppe, they dispersed. By late August and in September, female
herds seldom numbered more than 20 individuals (mean 4.0). Solitary ani-
mals were unusually common (15-20%) during this season, most of them
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Table 3.14 Herd size and composition in chiru rutting concentrations and outside such
concentrations in the Central and East Chang Tang populations, December 1991

In concentrations Outside concentrations

Number of chirus sampled 2885 439
Number of male herds 68 8
Number of female herds 127 27
Number of mixed herds 294 53

Mean size (range) of male herds 3.0 2-11) 3.3 (2-8)
Mean size (range) of female herds 4.0 2-15) 4.1 2-15)
Mean size (range) of mixed herds 4.7 2-29) 4.7 2-9)
Number of yearling males 173 20

% solitary yearling males 5.8 20.0

% yearling males in male herds 243 25.0

% yearling males in mixed herds 69.9 55.0
Number of adults males 766 118

% solitary adult males 32.6 38.1

% adult males in male herds 215 220

% adult males in mixed herds 45.9 39.9

% mixed herds with 1 adult male 79.2 90.6

% mixed herds with 2 adult males 8.2 7.5

% mixed herds with 3—4 adult males 4.1 —

% mixed herds with 5-10 adult males 1.4 —

% mixed herds with only yearling males 7.1 1.9

% females and young in mixed herds 70.4 60.1

females but also a few young which may have become separated from their
mothers (table 3.15). During this same period a high propordon of males
were also solitary. Of 1434 females and young sampled in late August and
September 1990, 91.8% were alone or in female herds. Solitary females,
like the solitary males, joined herds in October, and mean herd size dou-
bled. Of 2164 females and young sampled, 78% were in female herds,
indicating a shift toward mixed herds since the previous month. The hectic
activities of the rut disrupted herds, and mean female herd size declined
from 7.6 in October to 4.0 in December. Only about 30-40% of the fe-
males and young were now in female herds, compared to 78% in October.
Still, about a third of the females were sexually segregated on the courtship
grounds.

Summary

Endemic to the Tibetan Plateau, the chiru is found primarily on the alpine
steppe of northwest Tibet. This project plotted the current distribution
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Table 3.15 Size distribution of female chiru herds on the autumn and winter range, late
August to October

Population
West Central East
Month/year Late 8/1988, 1990 Late 8-9/1990 10/1993
Total animals sampled 282 1317 1687
Number of solitary animals 55 191 20
Number of herds 55 293 218
Mean herd size 4.1 3.8 7.6
Median herd size 4.0 3.8 11.4
Herd sizes
1 19.5% 14.5% 1.2%
2 13.5 21.3 5.5
3 13.8 13.9 5.5
4 14.2 9.4 7.8
5 5.3 8.0 5.3
6 2.1 4.1 5.7
7 2.5 4.8 3.3
8 — 3.0 38
9 — 2.7 2.7
10 3.5 1.5 4.7
11-20 11.3 10.0 239
21-30 — — 17.0
31-40 14.2 2.6 4.0
41-50 — — 5.6
51-60 — 4.2 —
61-70 — — 4.0

of the species, it discovered that there are at least four migratory popula-
tions and a number of resident ones, and it found that during spring the
migratory females separate from the males and travel up to 300 km north
into desolate and uninhabited terrain to calve, whereas most males move
only relatively short distances, the two sexes remaining essentially segre-
gated except during the midwinter rut. I was able to document herd sizes
and composition, such as females migrating in compact herds with several
hundred or even over a thousand animals together, and a male attempting
to maintain a harem of several females during the rut. Mortality of young
was high, up to half dying within a month or two after birth, though death
rates varied between populations and from year to year. A heavy snowfall
that covers forage may cause mass death in chirus from malnutrition, as
we observed in Qinghai. Our most important discovery was that the chirus
were being slaughtered illegally by the thousands for their fine wool,
which, after being smuggled to India, is woven into high-priced scarves
and shawls (see chapter 15). Although the chiru remained numerically the
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dominant wild ungulate in our principal study area, the Chang Tang Re-
serve, it was killed wholly unsustainably there and elsewhere. The project
created worldwide awareness of the urgent need to protect the species.

In spite of our efforts to study the chiru, the data remain fragmentary
and preliminary, which is also the case for other ungulate species in the
following chapters. No adequate chiru census has been done, and I can
do little more than guess at the total number, perhaps fewer than 75,000.
The great herds of 15,000 animals or more that Western explorers re-
ported a century ago are now gone, decimated in the past few decades,
and with them we have lost a magnificent opportunity to study, conserve,
and manage the species while it retained its traditional numbers and pat-
terns of behavior. I am reminded of the North American bison, whose
millions had vanished before the ecology and behavior of the animals were
investigated and efforts were made to save the species. The chiru now
offers a similar last chance. The populations should be censused accurately
and monitored, and fecundity and mortality should be assessed on an an-
nual basis. Why do females migrate to the barren north, give birth, and
immediately return south to better pastures, making a long, stressful trek
when pregnant and lactating? Nutrition, inclement weather, and avoidance
of wolves and noxious oestrid flies which parasitize chirus can all be in-
voked as an explanaton but offer no satisfactory answer. So far even the
location of the calving grounds of the migratory populations remains un-
known. This chapter offers a baseline of information about the chiru, but
it also represents a call for action, for the pressing need to study the species
while it still roams the Chang Tang in moderate numbers.



Tibetan Argali

On the wild bleak uplands of Thibet, where for hundreds of miles not a
tree is to be met with; where in every direction, as far as the eye can
reach, there is nothing but a vast expanse of barren soil, rock, and snow;
where there is no shelter from the glare of a cloudless noon, nor from the
freezing winds that sweep the naked hills with relentless force towards
the close of day; here, in the midst of solitude and desolation, where ani-
mal life has apparently to struggle for existence under every disadvantage,
is the home of this great wild sheep.

Alexander Kinloch (1892)

THE ARGALIS (Ovis ammon) of central Asia occur in the Pamirs,
along the Tian Shan and Altay Mountains, on the Tibetan Plateau, and
on various other ranges from Russia, Kazakhstan, Tajikistan and Afghani-
stan east into Mongolia and China. They are the largest of the sheep, some
rams exceeding a shoulder height of 110 cm and body mass of 100 kg.
With long, thin legs and a compact but lithe body, argalis are adapted to
open terrain, to escape danger through fleetness. They are usually found
on high rolling hills and plateaus and on relatively gentle mountain slopes.
Adult rams have massive, curled horns, with the tips pointing forward and
often flaring outward (fig. 4.1). Argali subspecies vary somewhat in size
and appearance, from the rather small Karatau argali (nigrimontana) to the
almost mythical Marco Polo sheep (polii).

Having surveyed Marco Polo sheep along the eastern margin of its range
in Pakistan and China, I was interested in studying Tibetan argalis (bodgson:).
To my regret these animals were uncommon, indeed so rare that weeks of
travel often provided no more than a weather-worn skull or two. Of the six
subspecies recognized by Geist (1991), the Tibetan argali is so far the only
one listed as endangered in Appendix I of the Convention on International
Trade in Endangered Species (CITES). Given the precarious status of this
subspecies, I concentrate on numbers and distribution rather than on natural
history, about which the project discovered little new.

Taxonomy

In April 1988, four hunters from the United States shot four argalis in the
northeast corner of the Tibetan Plateau in Gansu. They were at the west-

80
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4.1. The skull of a Tibetan argali ram in the Yako Basin. The animal was about 7.5 vears
old at death.

ern end of the Yema Nanshan, a subrange of the Qilian Shan. Agents of
the U.S. Fish and Wildlife Service confiscated the trophies as belonging
to an endangered animal, the Tibetan argali. Four biologists, including
myself, identified the hides and horns, agreeing that they were those of
Tibetan argalis. But the hunters claimed that Tibetan argalis occur only
along the southern margin of the plateay, south of the Tanggula Shan,
and that in the north, in the Arjin Shan and adjoining ranges to the east,
another subspecies, dalai-lamae, is found. The vast central part of the pla-
teau was ignored in the discussions. After a two-day taxonomic review,
Wang, Li, and Song (1988) provided a Chinese response to the dispute
by stating that the trophies belonged to dalai-lamae but that another sub-
species, darwini, also inhabited the same area. Bunch, Mitchell, and Maci-
ulis (1990) created yet more confusion when they referred to the shot ani-
mals as jubata in spite of the fact that jubata is generally recognized as a
subspecies, the Shanxi argali, found north and northeast of the Tibetan
Plateau (Geist 1991). Since conservation laws are based on taxonomy, pre-
cision in identification is essential (Geist 1992). How many argali subspe-
cies exist on the plateau?

Statistical variations in horn shape and angle, body size, and pelage
color have all been used to establish subspecies. Nutritional, as well as
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individual, differences affect horn and body size. For instance, I noted that
Tian Shan argali rams (karelina) and Altay argali (ammon) living on the
lush alpine meadows in the western parts of these ranges tended to have
larger and more flaring horns than those in the arid eastern parts. Pelage
characteristics have also been uncritically used in taxonomic work (see Al-
len 1940), yet these change with age, sex, and season. The best available
criterion for dividing argalis into subspecies is the pelage of mature rams
during winter (Geist 1991). At that season, Tibetan argalis have a long-
haired white ruff that terminates abruptly at the grayish brown shoulder.
A large white rump patch surrounds the tail. The rump patch is distinctly
separated from the body, which is dark grayish brown near the back and
lighter on the sides. The dark pelage extends down the front of all four
legs. The backs of the legs are white, as are belly and face. A dark lateral
stripe divides the upper parts from the white belly. The black-tipped tail
is small, less than 6 cm long without the terminal hairs, the shortest tail
among argalis (Geist 1991).

I observed several mature rams in the Chang Tang Reserve in mid-
September when they were in transition from a summer to winter coat.
The neck was white but without a marked ruff, and the outline of the rump
patch was indistinct. The upper parts of the body and the front of the legs
were light grayish brown except for elongated dark brown hairs on the
hump. A gray line traced the front of the shoulder. The face was grayish
brown, but with a white patch on the rostrum. The belly was white. Such
a slight difference in pelage could once have been the basis for designating
a different subspecies.

The perception that the Tibetan argali is confined to the southern part
of the plateau along the Himalaya from Ladakh to Sikkim (Blanford 1888~
1891; Tsalkin 1951; Sopin 1982) is based on an inadequate search of the
published information. Lydekker (1898) already suggested that the subspe-
cies “extends to the Kuenlun” in the north, and subsequently several expe-
ditions observed, collected, and named hodgsoni in various northern parts
of the plateau. Allen (1939) reported hodgsoni from near Serxii in western
Sichuan and from several localities in Qinghai, namely along the Yangtze
upstream from Yushu, near the headwaters of the Yellow River, and north
of Donggi Co. Farther north, Przewalski observed Tibetan argalis in the
southern foothills of the Burhan Budai Shan (Prejevalsky 1876). Kozlov
wrote that “the stone sheep, or argali (Ovis hodgsoni), is fairly common 1in
those parts of the Nan Shan that we explored” (1899), referring to the
same region where the disputed argalis were shot in 1988. Leche (1904)
described two adult hodgsoni rams that were shot by Sven Hedin’s expedi-
tion. One was killed in what is now the Arjin Shan Reserve and the other
farther east in the Arjin Shan (about 94° E). These records of Tibetan
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argali extend the range of the subspecies into the area that is supposedly
occupied by dalai-lamae, jutbata, and darwini. Since geographic separation
is often used as a criterion for dividing two variable forms into subspecies,
this supposed sympatry among argalis requires an explanation.

During his fourth expedition, in the winter of 18841885, Przewalski
(1888, quoted in Geist 1991) shot a small argali ram just north of the Arjin
Shan Reserve, and this animal was later designated as the type specimen
of dalui-lamae. A few years later, Hedin collected one of his adult hodgsoni
rams close to the same locality (Leche 1904). As Geist (1991) has shown,
the type specimen of dalai-lamae is actually a juvenile hodgsoni ram. Starting
with de Pousargues (1898) and Lydekker (1898), biologists had questioned
the validity of dalai-lamae, considering it a synonym of hodgsoni, but much
of this century passed before Geist (1991) clarified matters by pointing out
that the taxonomic confusion resulted from a failure to distinguish juve-
niles from adults.

The Shanxi argali (jubata) is or was found in an arc across northern
China from Hebei and Shanxi west through Shaanxi and Inner Mongolia
to Gansu. Its pelage differs from that of the Tibetan argali in, for example,
having a light gray, rather than white, neck and a white rump patch that
does not surround the tail (Geist 1991). Solely on the basis of horn charac-
teristics, Nasanov (1923) reclassified Hedin’s hodgsoni as jubata, and Sopin
(1982) relabeled the same specimens again but as dalai-lamae, showing the
futility of using only the horns of a few specimens to designate subspecies.
There is no evidence that jubata occurs on the Tibetan Plateau.

The taxonomy of argalis in southern Mongolia and northern China
remains unsettled. The Tian Shan with its karelina and the Altay with its
ammon converge in the Gobi, where darwini occurs on scattered low
ranges. Once [ stood on a hill near this convergence in Great Gobi Na-
tional Park and could easily see the mountains that each of these three
subspecies occupy, only plains of modest extent separating them; in nearby
China, to the south and east, was the habitat of jubata, a subspecies that
has sometimes been lumped with darwini (Allen 1940). Another subspecies,
kozlovi, is said to occupy parts of western Inner Mongolia (Heptner,
Nasimovic, and Bannikov 1966; Sopin 1982), but the taxonomic status of
this animal remains uncertain (Geist 1991). Further investigation is needed
to determine whether hybrid zones between subspecies exist in this area,
as they do for urial in Iran (see Schaller 1977b), whether there are as yet
undescribed subspecies, and indeed whether the subspecies concept has
validity in this region.

The narrow Heixi Corridor separated argali habitat along the southern
margin of Inner Mongolia and parts of Gansu from the ramparts of the
plateau. It is unknown what subspecies inhabit or inhabited these hills,
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4.2. Distribution of Tibetan argalis, based on my observations of animals and horns and
on selected records from the literature.

jubata, kozlovi, and darwini having all been claimed for that general region
by various authorities. Argalis could in the past have crossed the corridor
in either direction. But the Great Wall, which has its terminus in Jiayuguan
at the western end of the corridor, was built during the Qin dynasty (221-
206 B.c.) and was for centuries a barrier to argali movement (fig. 4.2).
Based on the evidence from the literature and my own observations,
only one subspecies, hodgsoni, occurs on the Tibetan Plateau, and it occu-
pies all of it. Argalis are troublesome to classify but careless science has
created confusion for a century. And taxonomic issues will be ever more
difficult to resolve as the species becomes increasingly fragmented in its
distribution. Indeed, argalis in the western half of Inner Mongolia have

been reduced to so few scattered herds that this vast area may soon be
devoid of the species.

Description

Adult rams have a shoulder height of about 118 cm and they weigh an
average of 105 kg (Schaller 1977b). Their distinctive white-ruffed winter
coat has already been described. In their summer coat, rams are a light
grayish brown, sometimes darker on the neck, with an indistinct margin
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between white rump patch and adjoining body hair, and there is a faint
side stripe separating the upper parts from the white belly. The horns of
rams are heavily ribbed and average 39.4 cm (S.D. 2.9, 7 = 4) in circumfer-
ence at the base in animals 6-7 years and older; three crania with horns
weighed 7.2, 9.9, and 10.4 kg, and one weight of 18 kg has been reported
(Macintyre 1891). Horn length in sheep increases steadily with age, the
oldest animals usually having the longest horns as measured along the out-
side curve. The longest horn we found measured 102 cm, that of a 9.5-
ear-old ram, considerably less than the 145 cm listed as a record (Dollman
and Burlace 1922). Adult rams typically have their horn tps heavily
broomed or broken. Annual horn growth in an animal decreases with age,
as does variability in the amount of growth (fig. 4.3).

Marco Polo sheep, the Tibetan argali’s nearest neighbor in Taxkorgan
to the west, differ somewhat in pelage pattern—for example, the rump
patch extends onto the thighs—and in horn size and shape. The horns
are more everted at the tips, longer (the record is 191 cm), thinner in
circumference (mean 36.7, S.D. 2.2, n = 62), seldom broken at the tips,
and average annual growth is significantly greater (fig. 4.3).

Female Tibetan argalis resemble males in summer pelage and have light
grayish brown upper parts, darker along the back, and white bellies and
rumps. They stand 104-112 cm high at the shoulder and weigh an esti-
mated 68 kg (Ward 1924), a third less than adult rams. One female had

horns 46 cm long with a basal circumference of 19 cm.

_ oo Marco Polo Sheep (n=120)
—————- o Tietan Argaii (n=47)

Annual horn increment (cm)

[
1 2 3 4 5 6 7 8 9 1001
Rge (years)

4.3. Mean length of annual horn increments of male argalis, comparing Tibetan and
Marco Polo argalis. The standard deviations shown for Tibetan argalis illustrate how vari-
ability in growth decreases with age. Sample size for each age class varies; the smallest
sample is that for the oldest animals. The maximum sample size for Marco Polo sheep
was 120; for Tibetan argali, 47.
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Status and distribution
Outside China

At its western limit the Tibetan argali occurs in Ladakh, India, and in the
Aksai Chin area of Xinjiang to just east of Karakoram Pass at 35°30" N,
77°50" E (Stockley 1928). About 250 km of rugged terrain separate these
hodgsoni from the nearest po/i in the Taxkorgan Reserve. An estimated 200
argalis exist within their range of 10,000 km- in Ladakh (see fig. 5.4), with
the densest population, about 51 animals, in the 170 km-* Gya-Mira Re-
serve (Fox, Nurbu, and Chundawat 1991a). The precarious status of the
animals in Ladakh is due “to wanton shooting by trigger-happy people and
poachers” (Ganhar 1979), military personnel (Fox, Nurbu, and Chundawat
1991b), and other outsiders (Kinloch 1892). “When travellers were few
.. . Hodgson’s sheep were easy to get. Now this is all changed” (Ward
1923). Hunting was permitted even after 1975, the year in which the sub-
species was placed in Appendix [ of CITES. In 1975 and 1976, for example,
several American hunters killed this sheep in Ladakh (Valdez 1983).

Just southwest of Leh, Tibetan argalis are barely sympatric with another
species of wild sheep, the small Ladakh urial (fig. 5.4). The total Indian
population of Ladakh urial numbers 1000-1500 animals, and the animals
occur mainly in a narrow band along the Indus and Shyok Rivers, a range
of about 1500 km*. There they occupy dry hillsides covered with Ephedra,
Capparis, and other xerophytic shrubs, ecologically separated from the high
alpine meadows that are favored by argalis and also by blue sheep (Mallon
1991; Fox, Nurbu, and Chundawat 1991b).

Farther east in India, argalis once strayed out of southwestern Tibet
into the Spiti and Lahul areas (Stockley 1928), and a few stll occur in
northern Sikkim near the Tibetan border (Shah 1994).

In Nepal, small argali populations were once found in the Dolpo district
(Schaller 1977b) and about 80-100 animals still occur in northeast Mus-
tang near the Tibetan border (D. Miller, pers. comm.). The species has
also been reported from western Bhutan (Gee 1967), but at most only rare
stragglers probably survive there.

Within China

The eastern limit of hodgsoni distribution lies in western Sichuan on
tongues of grassland that project southward into the forests between such
rivers as the Yalong and Yangtze (fig. 4.2). Dolan (1938) found horns there
and Kaji et al. (1993) observed several small herds.

Exploring into southern Qinghai, south of the Burhan Budai and Any-
emaqen Ranges, Przewalski noted: “We first saw these sheep beyond the
Burhan Buddha, and afterwards as we penetrated farther into the country,



TIBETAN ARGALI 87

but they are not common” (Prejevalsky 1876). In the same general area,
around the upper Yangtze and the headwaters of the Yellow River, Schifer
(1936) reported argalis in “relatively large number,” and Kaji (1985) found
horns there. West of that area we saw two argalis, a subadult ram and a
ewe. During extensive surveys around Zadoi and Zhidoi in southeastern
Qinghai, we found no argalis, not even old horns. Local people told us
that most of these sheep had disappeared 3—-4 decades ago. In the eastern
Chang Tang, west of the Lhasa-Golmud highway, Feng (1991b) tallied
15 argalis during extensive cross-country travel in the summer of 1990 and
his estimate for the whole region of 75,000 km* was 200-300 argalis.

Two populations of moderate size are known to exist in the Burhan
Budai Shan. In Dulan County, just southeast of the Qaidam Basin, Zhen
and Zhu (1990) counted argalis in nine sample localities totaling 105 km®.
They recorded 137 animals, a density of 1.3/km’, mostly at 4300-4700
m in elevation. Since the sample localities were selected on the recommen-
dations of local people, they presumably represent centers of argali abun-
dance in the region rather than average density. West of there, in the Hong
Shui Chuan Valley, Cai, Liu, and O’Gara (1989) came across fresh argali
skulls in 1986; according to the nomads, argalis occur there in low numbers
on the south-facing slopes of the range. Sull farther west, in the Yeniugou
(Wild Yak Valley), Cai, Liu, and O’Gara (1989) saw 84 argalis in August
1986. Harris (1993) studied this population in 1991 and 1992, finding that
about 245 individuals frequented his study area of about 1050 km-.

In the Qilian and adjoining ranges of northeastern Qinghai, it was re-
ported that “the argali is also frequent” (“Central Asian Expedition” 1896)
and Kozlov noted that “because of the great concentration of these ani-
mals, the mountains are often called Argalinin-ula” (1899). In 1985, along
the northern flanks of the Shule Nanshan, we surveyed a block of 610 km".
Several old argali horns were seen but no animals. Just west of this area in
Gansu, Zheng et al. (1989) observed 57 argalis in the 4250 km- Yanchiwan
Reserve. The four disputed argalis were shot by the American hunters near
the western border of the reserve in 1988; “over 350 argali were seen dur-
ing a 7-day hunt” (R. Mitchell, quoted in Status Review 1991), but some
animals may have been counted more than once. Argalis are also found in
the mountains west of there along the Gansu-Qinghai border in unknown
numbers (W. Wang, pers. comm.).

In Xinjiang, Leche (1904), Bonvalot (1892), and others had reported
argalis at the northern rim of the plateau. More recently, Achuft and
Petocz (1988) surveyed the western 23,000 km? of the Arjin Shan Reserve
and found argali numbers “low,” observing only 9 animals and 3 skulls,
most near Aqqikkol Hu. Northwest of the reserve, near where the Arjin
Shan branches from the Kunlun Shan, we tallied 27 argalis in June 1987.
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In July 1988 we ascended several valleys of the Yiisiipalik Tag, a subsidiary
range of the Arjin Shan just north of the reserve. A total of 64 argalis were
counted on the alpine meadows at about 4300 m. Skulls at the base of the
foothills indicated that the animals moved seasonally to lower elevations.

In Tibet, the eastern part with its rugged mountains has little argali
habitat. No recent information on the status of the species there is avail-
able. In the southern part, argalis once existed widely along the upper Yar-
lung Tsangpo and Indus Valleys. Rawling, for instance, found argalis “very
numerous in all the ravines and on the slopes of the mountains lying to
the north of the Brahmaputra [Yarlung Tsangpo] from its source to Tra-
dom” (1905), at about 84° E. In 1990, along the same route, we recorded
only one argali skull, on a cairn. South of Gyangze, in the upper Chumbi
Valley, Bailey wrote that “in May 1909, on one day’s march, I saw 17 Ouvis
ammon, 25 Burhel [blue sheep] and 64 Tibetan Gazelle” along the road
(1911). Jackson (1991, pers. comm.) made a 6-week survey of the Qomo-
langma Reserve in 1990. He found no evidence of argalis but was told of
one small herd in Gyirong County. Similarly, local informants in southern
Tibet told us of isolated and usually small populations, except for one pop-
ulation of moderate size in the hills north of the town of Lhunze at 28°4(’
N, 92°20" E, and another just south of Yamdrok Co (W. Liu, pers. comm.).
The usual reply to our query about argalis was a negative shake of the
head, sometimes with an added “not anymore.”

Just east of Rutog among low hills, in a small area known for its argalis,
we saw two herds in August 1988, one with 23 animals and the other with 6.

Within the Chang Tang Reserve, Rawling noted that “near Aru Tso
large numbers of ewes and young were daily found grazing in the
neighbouring ravines” (1905). During 39 days of research in the basin we
saw three ewes and several skulls. North of the basin, as far north as the
Xinjiang border, we surveyed one 8000 km’ block of terrain for a month
in June and July 1992 without finding any sign of argalis. Hedin ([1922]
1991) observed argalis near Laxong Co (34°20" N, 85°10" E). But, in gen-
eral, the species then as now was scarce in the western part of the reserve,
and we observed it mainly in the eastern part (fig. 4.2). In September 1988,
herds with 13 and 16 individuals were seen in the foothills of the Amu
Kangri Range southwest of Shuanghu. In September 1990, two small male
herds and a mixed herd of 11 were observed at 5000 m among steeply
rolling hills near Garco, and in the same hills, but farther to the east, we
found a herd of 18 in October 1993. North of there, in and around the
foothills of Purog Kangri, five herds with a total of 28 animals were ob-
served in late May and early June 1994. In the Yako Basin, 12 argalis were
seen, including a herd of 9 rams.

Tibetan argalis have a wide distribution on the plateau, but their occur-
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rence is highly sporadic, and much seemingly good habitat is devoid of
animals. As Bower noted after traversing the Chang Tang, “I doubt Quis
ammon abounding anywhere; that they are found scattered over a very wide
stretch of country is undoubted, but, unlike yak and antelope, nowhere
did we find them very common” (1894). Hedin ([1922] 1991) found them
similarly sparse and sporadic. Populations are generally small, with fewer
than 100 individuals. The four largest reported populations are in the Yii-
siipalik Tag, in the Yema Nanshan region, and in two localities of the
Burhan Budai Shan. Information from local people attested to the scarcity
of argalis, as did the rarity with which we found skulls. Horns remain visi-
ble for at least a decade after an animal’s death, yet we saw them so seldom
that we took note of each one. When we found several skulls in one area,
we usually saw argalis as well. Skulls are useful indicators of abundance, at
least of abundance in the recent past. In the western part of the Taxkorgan
Reserve we measured 136 horns of male polii in one month, more horns
than we tallied on all our surveys on the plateau.

Most argalis seem to occur in high rolling or broken but not rugged
hills and on the upper slopes of mountain ranges rather than on the plains
and low hills that cover much of the plateau. When crossing the Chang
Tang, Bower (1894) found horns as far as 88° E, noting that they prefer
hills to open valleys. The rarity with which travelers like Hedin (1909)
and Rawling (1905) mention argalis also suggests a discontinuous distribu-
tion in such habitat. Mountain ranges which once seemed to have had
large argali populations—Gangdise, Himalaya, Arjin Shan, Burhan Budai
Shan—also have human population centers along their bases, and meat
hunting was no doubt a main cause in the decline of these animals. But
hunting alone probably did not eliminate the sheep from the sparsely in-
habited parts of the Chang Tang, although itinerant gold miners were
once found in the most remote areas (Wellby 1898). Furthermore, the
animals are difficult to hunt: “The senses of the argali are keener than
those of any other animal in Tibet, and it is an exceedingly wary animal,
although hardly ever hunted; the Mongols finding it useless to attempt
shooting them with their matchlocks” (Prejevalsky 1876). Small, isolated
sheep populations are highly vulnerable to genetic and environmental mis-
haps, especially if they number fewer than 50 individuals (Berger 1990).
Diseases transmitted by livestock could also have had a serious impact, as
they have on North American sheep (Lawson and Johnson 1982). Once
eliminated from an area, argalis may be exceedingly slow at resettling it.
American sheep are poor at dispersing and colonizing (Geist 1971), and
argalis, though not bound to rugged terrain, also tend to be sedentary.
Fox, Nurbu, and Chundawat (1991b) documented the establishment of a
new argali population, and Ward believed that the animals “wander in
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small flocks from place to place” (1924). But the persistence of small popu-
lations only in certain localities argues against rapid dispersal. “Once hav-
ing selected its ground, there it will remain; and a herd of them has been
known to frequent one mountain for a succession of years” (Prejevalsky
1876). Schifer (1936) considered rams to be wanderers and ewes to be
sedentary. Small and highly fragmented, most of the surviving populations
are threatened with extinction from a variety of causes but particularly
from hunting.

Except for about 200 animals in Ladakh and a few in Nepal and Sikkim,
all Tibetan argalis are within China, where, as this brief overview shows,
most populations are so small and fragmented that many will probably
vanish in the coming decades. The argali is by far the rarest member of
its wild ungulate community, but as with the other species, an accurate
estimate of numbers cannot be made. In Tibet, perhaps 400-500 argalis
were in the Chang Tang Reserve and possibly 1500 elsewhere. Qinghai
and neighboring Gansu had several local populations of moderate size,
but total numbers in these provinces may not exceed 3000-4000. Argali
densities in Xinjiang were generally low, and I would guess that no more
than 1000 animals occur there. Including some populations in western Si-

chuan and those outside China, the total number of Tibetan argalis could
be as low as 7000.

Population and herd dynamics

The birth season is in late May and early June. In Xinjiang we encountered
small young on 6 and 9 June, and in the Burhan Budai Shan 2 newborns,
still unsteady on their feet and apparently the first of the season, were
observed by Zhen and Zhu (1990) on 1 June. Bailey (1911) saw newborns
in June and early July. Schifer (1936) also placed the birth season in early
June. However, Kozlov (1899) found that in the Qilian Shan “lambs appear
by the end of April,” suggesting some regional variation in the argali’s
annual cycle. With a gestation period of about 150 days (Schaller 1977b),
the rut would extend from the second half of December into January in
most areas. Kozlov placed the rut into November, when rams “approach
until a short distance apart, then rear on their hindlegs and, leaping at
each other, clash with their foreheads” (1899).

Of 232 argalis observed on the plateau, 202 were classified by sex and
age. The ratio of rams to ewes (adult and yearling combined) was 59:100.
A greatly skewed sex ratio favoring females can also be noted in the data
of Zhen and Zhu (1990) and Harris (1993). The ratio of lambs to ewes
was 41:100. A single young appears to be the rule, although twins have
been reported from Ladakh (Ward 1924).
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Like polii and other argalis, the animals have a relatively short life, sel-
dom reaching 10 years, as shown by the age rings of horns of rams found
in the field (fig. 4.4). The wolf is a principal predator. In Xinjiang, three
wolf droppings contained argali hair and we examined the remains of a
ram killed by wolves. Stockley (1928) noted that once when snow depth
in Ladakh exceeded 46 cm during the winter of 1910-1911 the wolves
easily captured argalis and Tibetan gazelles.

Except during the rut, adult rams tend to form separate male herds
(Macintyre 1891; Kozlov 1899). We tallied eleven male herds ranging in
size from 2 to 9 (mean 4.4) separate from, but usually among the same
hills as, the ewes. Schifer (1936) reported male herds of 2-15, Zhen and
Zhu (1990) counted one with 16 rams, and Cai, Liu, and O’Gara (1989)
one with 52 rams. Mixed herds of females and young with an occasional
subadult ram number up to 35-40 individuals (Schifer 1936). Zhen and
Zhu (1990) found that the average size of thirteen such herds was 7.2 (2~
16). We observed 3 solitary females and eighteen female or mixed herds
with an average size of 10.0 (2-31) animals.

Harris (1993) found that the Yeniugou population of about 245 animals
seemed to be divided into six subpopulations, or bands as he called them,
which tended to remain in a particular area. The composition of herds
within a band changed but the band itself seemed to remain distinct over
a period of weeks. One band, the largest, with at least 73 members, ranged
over about 31 km’. It contained 11 rams, 36 ewes, 6 yearlings (male and
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4.4. Survival curves of male Marco Polo sheep (from the Taxkorgan Reserve), Tibetan ar-

gali, and blue sheep, based on annuli counts of horns found in the field. Yearlings are
probably underrepresented because their small horns are difficult to find.
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female combined), and 20 lambs. The largest observed herd numbered
only 43 individuals.

Conservation

The precarious status of Ovis ammmon with its various subspecies has been
internationally recognized. The World Conservation Union lists most
subspecies as vulnerable or endangered, CITES places the Tibetan argal;
into Appendix I and all other subspecies into Appendix II, and the U.S.
Fish and Wildlife Service is considering listing the species as endangered
in all its native countries. Given this anxiety, it is a matter of concern that
no adequate research has been done to clear up the taxonomic confusion
created in the past when unreliable morphological criteria were used to
designate subspecies. The validity of taxa can now be tested with molecular
techniques, by using, for example, mitochondrial d-loop sequences along
with microsatellite markers. Species conservation requires good system-
atics.

As our work on Tibetan argalis has shown, populations are small and
highly fragmented even in areas where hunting pressure is low and much
suitable habitat appears to be available. In the Chang Tang, factors other
than just hunting seem to limit population growth and dispersal. Possibly
disease introduced by livestock affects the animals, but no research has
been done on this subject. Indeed even the status of Tibetan argali has
been only vaguely documented, a lack that hampers a focused conservation
effort.

Surveys in other parts of China also revealed that argali populations are
small, scattered, and declining, as shown particularly in Inner Mongolia
(Wang and Schaller 1996). But, in contrast to the Chang Tang, hunting
for subsistence and commercial sale has in these areas been the main reason
for the drastic decrease in argali numbers during the past few decades.
The lack of official action in response to this massive decline is perplexing
because argalis represent a valuable commodity, with foreign hunters pay-
ing high fees to kill trophy-sized rams. For example, in Mongolia a license
to kill a Gobi argali costs at present $25,000, and one to kill an Altay argali,
$30,000. Between 1967 and 1989, foreign hunters killed 1630 argalis there.
Hunting companies in Mongolia characteristically established a seasonal
camp in an area until large rams had been decimated and then they moved
elsewhere. Lack of protection and indifference to sustainable harvesting
have caused such a decline of argalis, particularly in the Altay Mountains,
that most camps have been closed and only 15 hunting licenses were issued
in 1994. :

Argalis could readily and profitably be managed as trophy animals in
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selected areas. However, a substantial proportion of the money derived
from hunts should benefit conservation and the local people directly. I find
it deplorable that so much money is being spent on killing argalis and so
little to study and conserve them. Wealthy hunting organizations, such as
Safari Club International in the United States and the International Coun-
cil for Game and Wildlife Conservation in France, could show a commit-
ment to the argali’s future by funding comprehensive status surveys and
developing and implementing long-term management plans for the species
in certain areas.



Blue Sheep

Although in some ways I impatiently await the rut, an aspect of bharal
[blue sheep] life history about which nothing is known, I am also content
just being near the animals. Toward noon they become less and less ac-
tive and after pawing a bed, each animal reclines to chew cud, its eyes
mere slits of satisfaction. The sun is often warm at this time of day,
shade temperatures climbing above freezing, and the hills vibrate

with heat waves. Beyond, to the north, are the enormous coppery

cliffs of Shey canyon and the rounded dome of Purple Mountain; on
the horizon a frieze of snow peaks guards the Tibetan border. . ..
Resting tranquilly near the bharal, I know also that animals are wild
only because man has made them so. Wolf, snow leopard, and all other
creatures could be as tame as these bharal if only we would permit them
to be.

George Schaller (1980)

WITH sTocky BoDY and stout legs, blue sheep, or bharal, are
designed for climbing in rocky terrain. In build they resemble such cliff
dwellers as American mountain sheep and Asiatic ibex rather than the
slender-limbed argalis. Their mixture of sheeplike and goatlike traits once
created confusion about their evolutionary relationships, and one focal
point of my research in the Himalaya during the 1970s was to determine
whether blue sheep are behaviorally and ecologically closer to Ouis or to
Capra. My conclusion was that they are goats with sheeplike traits, and
recent molecular work has further helped to elucidate the issue, as dis-
cussed in chapter 13.

During our travels on the plateau, especially when in search of snow
leopards, we often encountered blue sheep. Since blue sheep are the
snow leopard’s principal prey there, the two species are ecologically
bound to each other. We censused blue sheep in several localities and
collected data on their population dynamics, but we did not observe
them intensively because their behavior has been described earlier (see,
e.g., Schaller 1977b; Wilson 1984). Fortunately blue sheep remain com-

mon locally, and in fact, they are the most abundant wild ungulate in the
mountains.

94
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Taxonomy

Blue sheep (Pseudois nayaur) extend over a vast range, from the Karakoram
in the west across the plateau to Inner Mongolia in the east (fig. 5.3). Two
poorly defined subspecies are sometimes recognized, P. n. nayaur in the
west and P. n. szechuanensis in the east, but Groves (1978) considers these
invalid. Schifer (1937a) shot several blue sheep in the gorge of the Yangtze
River near Batang which were smaller than usual. Typical nayaur males
weigh 60-75 kg and females 35-45 kg, whereas Yantze males weigh 28-
39 kg and the one female weighed was 25 kg. The horns of the Yangtze
males are thinner and have less of an inward curve, and the tips turn up
more than those of the usual males (Schifer 1937a; Allen 1940). Schafer
(1937a) thought that he had discovered a new form but he did not name
it. Later, Groves decided that “the distinctiveness and isolation of the
Dwarf Blue Sheep . . . suggests that, as a provisional measure at least, it
should be classified as a full species,” P. schaeferi (1978), a designation also
accepted by Wu et al. (1990).

The so-called schaeferi occurs for an unknown distance north, south,
and west of Batang mainly along the steep, arid, lower slopes of the Yang-
tze River gorge between 2600 and 3200 m in elevation (Wu et al. 1990).
Above these blue sheep is a forest zone that extends 1000 m upward to
alpine meadows where nayaur is said to occur. The idea that a narrow
forest zone can segregate a mobile large mammal to such an extent that
two such closely related forms could maintain themselves as distinct species
deserves a little skepticism. It is true that blue sheep tend to avoid forest,
although I observed a herd enter a juniper stand in Qinghai to reach a
spring. Allen (1940) speculated that the Yangtze blue sheep are stunted
because of poor nutrition in their arid environment.

Does an arid environment affect size of blue sheep? We observed blue
sheep in a variety of habitats, some of them extremely dry, but failed to
note any marked difference in body size. Horn growth in males, however,
may provide a rough indication of habitat quality in wild sheep (Geist
1971). For example, Asiatic ibex from the western Tian Shan, with its fine
alpine meadows, grew significantly more horn each year than those in the
spartan environment of the Taxkorgan Reserve (Schaller et al. 1987). Con-
trary to expectations, annual horn increments of blue sheep males from
arid areas such as the Arjin and Kunlun Shan, Qilian Shan, and Taxkorgan
Reserve were similar to those of animals from the luxuriant mountain
meadows around Zadoi (fig. 5.1). However, basal circumference of horns
of males 6 years old and older showed minor regional variation. The cir-
cumference of horns from the arid Arjin Shan averaged 22.35 = 1.30 cm
(n = 20), significantly (P < 0.05) smaller than the Zadoi horns, with 24.25
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+ 1.82 em (n = 26), and Taxkorgan horns, with 25.21 = 1.03 (» = 12),
The Arjin Shan horns did not differ significantly from the Qilian Shan
horns, whose circumference was 23.7 * 2.32 cm (7 = 8). Thus, in blue
sheep the circumference of horns, rather than the length, may be a better
indicator of habitat quality, and as noted, schaeferi has notably thin horns,

Groves (1978) compared the tooth row of a large schaeferi skull (68 mm)
with the tooth rows of 3 nayaur skulls of comparable age (64~72 mm) and
found them to be of similar length. Craniometric studies in red deer re-
vealed that animals that have the same tooth row length have genetically
the same body size, and that regional variation in body size was environ-
mentally induced (see Geist 1971). Further work is obviously needed to
elucidate the taxonomic position of the small blue sheep in the Yangtze
River area.

Description

Adult males are robust and handsome, about 80-91 cm tall at the shoulder,
with a sleek grayish brown to slate blue pelage. The ventral surface of the
neck, the chest, and the front of the legs are dark gray to black. The neck
is markedly swollen during the rut, giving the animal a bulky shape. A
conspicuous black flank stripe separates the upper parts from the white
belly. The rump patch, the inside and the back of the legs, and the tip of
muzzle are also white, as is a spot on the knee and above the hooves; the
eyes too are fringed with white. The hair is short without beard, ruff, or
other hairy appendage. The smooth horns sweep up and out and then
curve back before curling up at the tip. They are massive and relatively
short, the record being 84 cm; the longest horn measured during this study
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5.1. Mean length of annual horn increments of male blue sheep from three areas of the
Tibetan Plateau with different habitat quality. Note the similar growth rates.
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5.2. Blue sheep blend well into hillsides. A male lies among the boulders, and a female
with voung stand near him.

was 68.5 cm. Horn tips are sometimes broomed but seldom broken. Aver-
age distance between horn tips was 66 (57-82 cm) in males of 6 years and
older (7 = 37). Females resemble males except that they have gray, instead
of black, markings and their short horns, 10-20 cm long, project first up
and then out (fig. 5.2). Wang and Hoffmann (1987) provide a detailed
description of the species. Although seemingly marked in a striking pat-
tern, blue sheep are remarkably inconspicuous, blending so well into their
environment that they are often difficult to spot.

Status and distribution

Blue sheep are highly tolerant of environmental extremes. They can be
found on sun-bleached desert mountains in searing heat at elevations be-
low 1200 m and on windy and cold slopes at 5300 m. In some of their
habitats it seldom rains, whereas in others 1500 mm of precipitation may
fall in a year and snow may lie 1 m deep in winter (Wilson 1981). They
can be found in hills that are mere hillocks and on the grandest mountains
in Asia. But their varied terrain has several features in common. Blue sheep
inhabit treeless slopes or remain in the alpine meadow and shrub zone
above timberline. They prefer relatively gentle hillsides (less than 40°
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slope) covered with grasses and sedges (Wilson 1981) but with nearby cliffs
into which to escape in times of danger (Oli 1996). Animals are seldom
more than 200 m from a rocky retreat (Fox et al. 1988).

The western limit of blue sheep distribution lies in several valleys of
Khunjerab National Park in Pakistan and the eastern part of the Taxkor-
gan Reserve in China (fig. 5.3). From there the animal’s range extends east
along the Kunlun Shan and the northern flanks of the Karakoram and
across the eastern half of Ladakh (fig. 5.4). Groves stated that the blue
sheep “is absent from the main plateau itself” (1978). Actually they are
found throughout the plateau, with the Kunlun Shan and Arjin Shan form-
ing the northern border and the Himalaya the southern (see Bartz 1935).
The species has also penetrated the gorges of the Himalaya and occupied
the southern slopes of that range in various parts of India, Nepal, and
Bhutan (Schaller 1977b; Wilson 1985). On the plateau, blue sheep occur
on all major ranges—Gangdise, Tanggula, Aru, Jangngai, Anyemagen, and
others—as well as on many massifs and low rocky ridges. We sometimes
came upon a herd seemingly far from typical habitat, but there always was

5.3. The distribution of blue sheep and ibex in China (excluding ibex in northern Xin-
jiang) and neighboring areas, showing range overlap in the two species. The distribution
of blue sheep in Tibet, Qinghai, and western Sichuan is indicated by locality records from
this project and from the literature; the distribution of the species in Gansu is probably

wider than shown.
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an isolated cliff in the vicinity, which the animals had reached by traversing
gentle hills from rock outpost to outpost. In Sichuan and Gansu, along
the eastern edge of the plateau and its marginal mountains, blue sheep
occupy many rugged ridges, as on Gongga Shan near Kangding (Young
1935), on most passes between Kangding and Batang (Bailey 1945), and
in southern Gansu (Wallace 1913).

Blue sheep penetrated north and northwest from the plateau across
Gansu into Inner Mongolia almost to the border of Mongolia, occupying
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5.4. The distribution of wild ungulates in the Ladakh region of India. The kiang (not
shown) has a distribution similar to the Tibetan argali. (Adapted from Fox, Nurbu, and
Chundawat 1991a and Mallon 1991.)
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a number of the ranges that rise above the semidesert and desert. These
ranges include the Longshou Shan, Dongda Shan, Lang Shan, Zhuozi
Shan, and the Helan Shan, where Przewalski (Prejevalsky 1876) first re-
ported them. Their eastern limit in that region lies in some massifs at
about 109°20" E, just east of the Lang Shan; for unknown reasons they
are not found in the nearby Ulan Shan and Daqing Shan. However, a late
Pleistocene fossil was found in Hebei, 140 km northwest of Beijing, about
400 km east of the animal’s current range (Wang and Hoffmann 1987),

Minimum crude densities of blue sheep in several areas of Ladakh were
0.7-1.4/km" (table 5.1), and the calculated total was 11,000 animals in
their whole range of 38,000 km* (Fox, Nurbu, and Chundawat 1991a).
Densities in four areas of Nepal ranged from a low of 0.7 to a high of 6.6-
10.2/km".

We attempted to obtain total counts of animals in selected mountain
blocks in Xinjiang and Qinghai by walking along ridges and valleys and
scanning all slopes; we usually spent one to three days in a particular area.
One block in Xinjiang’s Taxkorgan Reserve had few blue sheep (0.2/km-)
and another a moderate density (2.5/km*). Several blue sheep densities
have been reported from farther east in Xinjiang. Gu (1990) estimated
10,000 blue sheep in the Arjin Shan Reserve. (However, “10,000” is also
a Chinese hyperbole that means countless.) During extensive surveys in
that reserve by Butler, Achuff, and Johnston (1986) and Achuff and Petocz
(1988), only 44 were observed, and the latter authors noted that an “esti-
mate of 10,000 animals is hardly possible.” Luo and Gu (1991) calculated
a population of 3948 blue sheep in 703 km’—a density of 5.6/km"—in
the arid Arjin Shan northwest of the reserve. The area was subsequently
promoted as a site for foreign hunters. The population figure is much too
generous judging by my surveys in these mountains. In Qinghai, we se-
lected survey areas after we had been told that many blue sheep inhabited
them. Therefore, densities are representative of the best, rather than typi-
cal, conditions. Densities ranged from 1.1/km? in the arid Shule Nanshan
to 3.6-5.3/km? in the Anyemaqgen Shan and limestone massifs in south-
eastern Qinghai (table 5.1).

In the Aru Basin of northwest Tibet, blue sheep were found only in the
Aru Range along the west side. We checked all suitable terrain in 1990,
except the most southern part, and counted 121 blue sheep. Only 22 of
these were adult males, so few that we presumed that many had moved
elsewhere for the summer. Local informants affirmed that many males
appear in winter. Our estimate was 200 blue sheep in summer and perhaps
300 in winter after the seasonal influx of males. Crude density of blue
sheep in the 1800 km* basin was 0.1-0.2/km".
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Table 5.1 Minimum crude densities and population compositions of blue sheep in several areas

Ratios (/100 9 9)

Area No. of Density Yearling

Locality Date (km?) animals (km?) Ad. 38 Jdand ¢ Young
LADAKH
Shang Reserve 7/1986 190 235 1.2
Hemis Nat. Park 11/1984 1200 1236 1.0
Math Valley 7/1989 85 60 0.7
Stock Valley 7/1989 75 108 1.4
NEepaL
Dhorpatan Reserve 1977 960 700-740 0.7-0.8 102 80 83
Manang District 4-5/1990 105  697-1071 6.6-10.2 93 33 51
Lapche 3/1972 35 50 1.4 116 82 88
Shey 11-12/1973 550 500-700 0.9-1.3 134 29 40
XiNjIANG
Taxkorgan Reserve

(Raskam) 5-6/1985 150 31 0.2
Taxkorgan Reserve

(Mariang) 5-6/1985 120 265 2.5
QINGHAI
Shule Nanshan 9-10/1985 610 657 1.1 71 28 65
Anyemaqen (east) 9/1986 170 906 53 0 37 64
Anyemaqen (west) 7/1984 50 237 4.7 15 22 53
Zadoi (north) 8/1986 220 798 3.6 90 29 65
Zadoi (south) 9/1986 185 949 5.1 134 37 75
Yushu 8/1984 140 222 1.6
TiseT
Aru Basin 7/1992 87 7 26 28
Noorma Co 9/1990 147 25 38 53
Jangngai Shan 7/1991 71 72 48 3
Qomolangma 3-6/1992 543 99 40 56

Sources: Ladakh data: Fox, Nurbu, and Chundawat 1991a. Dhorpatan: Wilson 1981. Manang: Oli
1994c. Qomolangma: Lu, Jackson, and Wang 1994. Other locales: this study and Schaller 1977b.
*Some females were still pregnant.

Counts without density estimates also indicate that blue sheep are quite
abundant in some places on the plateau. In Gansu’s Yanchiwan Reserve,
Zheng et al. (1989) observed 469 blue sheep. I counted 300 blue sheep in
the Balong Valley of the Burhan Budai Shan southwest of Dulan on 25-26
November 1986, during an incomplete survey of the drainage. In southeast
Qinghai, near Gar monastery, Harris (1991) observed 286 blue sheep in
about 4 km? in 1990 and he stressed that such local abundance was due
to the protection provided by the monastery. Similarly, Kaji et al. “counted
a total of 991 animals in only two days” around a temple in that region
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(1993). In just three small adjoining valleys of a range bordering Noorma
Co, I counted 191 blue sheep on 2-3 September 1990, my highest such
number in Tibet, and near Garco 143 were tallied on 29 October 1993,

I would guess that at least 10,000 blue sheep inhabit the Chang Tang
Reserve, but beyond that I cannot make realistic estimates of numbers,
Pu (1993) gave figures of 34,500-49,600 blue sheep in western Tibet and
surmised that these represented 70-80% of the total Tibet population, but
his total estimate appears to be too low, judging by the wide distribution of
the species in eastern Tibet.

Sympatry of blue sheep and ibex

The distribution of blue sheep is probably affected by that of the Asiatic
ibex.! Ibex are similar to blue sheep in body proportions and size, habitat
choice, and ability to survive in a variety of environments. Studies of chro-
mosomal evolution indicate that blue sheep represent an early independent
lineage from ancestral caprid stock (Bunch and Nadler 1980). One can
hypothesize that blue sheep had their origin on the plateau and expanded
to the northeast as ibex arrived from somewhere in the northwest and west
to occupy the Altay, Tian Shan, and other ranges that blue sheep had not
yet reached (fig. 5.3). The two species are perhaps ecological competitors
in that the sparse and patchy habitat in the mountains cannot easily support
both of these generalized feeders. The presence of one may have restricted
the other from expanding its range both horizontally and vertically. The
demarcation between the two is often abrupt. On a small range bordering
the main Taxkorgan valley, blue sheep occur primarily on the eastern
slopes and ibex on the western; similarly, blue sheep inhabit the northern
flanks of the Karakoram and ibex the southern. On the north-facing slopes
of the Kunlun Shan, at about 37°N, 77°E, local people told us that ibex
occupy the middle-to-lower slopes at 2800 m and blue sheep the highest
at 4600 m, and we saw horns in support of this. It is unclear how far ibex
extend eastward along the Kunlun Shan. About 1100 km east of where we
found evidence of ibex is the Qiman Tag, a spur of the Arjin Shan along
the northern border of the Arjin Shan Reserve. Achuff and Petocz (1988)
reported that an ibex skull had supposedly been found in that range in
1982. The local people we interviewed there knew of no such animal as
the ibex. In Economic Birds and Mammals in Qinghbai (1983), Capra ibex is
said to occur “in high mountains of Qilian Shan.” The easternmost known

1. The Asiatc ibex is either considered to be 2 subspecies of Capra ibex, C. i. sibirica, ot
a distinct species, C. sibirica. C. sibirica is said to have four subspecies within the area here
discussed: alaina in the Tian Shan and western Xinjiang, dementicvi in the Kunlun, hagenbecki
in the Gobi, and sibirica in the Altay. The validity of these subspecies needs investigation.
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range of the ibex on the plateau is in the southwest corner along the Sutlej
River in India soon after it leaves Tibet (fig. 5.3); whether ibex enter Tibet
there is not known. The only record for Tibet is of one set of horns ob-
tained near the Indian border north of Panggong Co (Liu and Yin 1993),
an area from which ibex have not been reported previously (see fig. 5.4).

Several areas of overlap between blue sheep and ibex are known. In
Ladakh, Fox, Nurbu, and Chundawat (1991a) found that blue sheep occur
in the eastern halfand ibex in the western half and that the two species occupy
several of the same ranges in the center (fig. 5.4). In the Taxkorgan Reserve,
the two species overlap along several tributaries of the Yarkant River. On
two occasions we observed the species on the same slope, once foraging as
a mixed herd (Schaller et al. 1987). In a small part of Pakistan’s Khunjerab
National Park adjoining the Taxkorgan Reserve, ibex and blue sheep overlap
but with the former in more precipitous and broken terrain (Wegge 1989).
Another contact area is in the Spiu Valley of India, where Rees (1995) ob-
served mixed herds of ibex and blue sheep. Ibex penetrated from the north
and westinto northern Gansu and Inner Mongolia, where, for example, they
are found in the Mazong Shan. But on only one mountain range, the Lang
Shan, are the two species found together (Wang and Schaller 1996).

Population and herd dynamics

We attempted to classify all individuals within a herd as young, yearling
(I-2 years), adult female, and adult male, but often the shyness of the
animals made this impossible; yearling males and females were also difficult
to distinguish at a distance. Although fragmentary, our data supplement
those published earlier by Schaller (1977b), Wegge (1979), Wilson (1981),
Oli and Rogers (1996), and others.

The sex ratio of adults differed greatly from area to area. Sex ratios in
Nepal were about equal or showed a small preponderance of males (table
5.1), a typical situation in wild sheep and goats with low predation pressure.
Several populations on the plateau also had a relatively high male-to-
female ratio (70:100 or more), whereas others had extremely few males
(25:100 or fewer). In a sample of 827 animals combined from several areas
in Qinghai, Kaji et al. (1993) found a ratio of 13:100 (vearling males were
included with the females), whereas in a sample of 632 animals from west-
ern Sichuan it was 52:100. Subsistence hunters may prefer males because
these provide more meat, but this was unlikely to be the main reason for
the disparate ratios. Blue sheep populations appeared to have two patterns
of male behavior. Kinloch noted that “the males for the most part separate
from the females during the summer months, but mixed herds may be seen
at all seasons of the year” (1892). This is correct, but in some areas most
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males remain in the same area as the females whereas in others they seek
separate summer ranges. An extreme case was in the eastern Anyemaqen
Shan, where we saw only 8 adult males among 906 blue sheep in 170 ki,
Based on his research on bighorn sheep, Geist (1971) explained such spatial
segregation on the basis of reducing competition for forage between males
and females with their offspring. Wegge (1979) and Wilson (1984) ob-
served that on the fine alpine meadows of Dhorpatan seasonal segregation
did not occur and this was true in the Zadoi area as well. But if forage
abundance and quality stimulate segregation, it remains unclear why the
sexes in the lush Anyemagen Shan separate widely but those in the arid
Shule Nanshan do not.

Published accounts differ regarding the months when blue sheep are
said to mate and give birth. In the Dhorpatan area of Nepal the main rut,
as defined by intense courtship and mounting, extended from about 15
December to 28 January 1976 with a peak in early January. After a gesta-
tion period of 160 days, the first newborn was observed on 27 May, and
peak parturidon was 13—18 June but with some young born into early July
(Wilson 1984). The main rut in the Shey area of Nepal began about 29
November 1973 (Schaller 1977b). In the central Himalaya, Bailey (1911)
observed that the birth season is in June and July, indicating roughly a
January rut. In Inner Mongolia the rut is in November and the young are
born in May (Prejevalsky 1876). In western Sichuan, according to Schifer
(1937a), blue sheep rut in October and “lambs are dropped in early May”
(Allen 1939), months that fail to match the known gestation period. In
Gansu, the rut is in January and “lambs are dropped in May” (Wallace
1913), again a problem with duration of pregnancy.

In the Taxkorgan Reserve, we saw no newborns in May 1985; the fol-
lowing year we noted newborns and small young between 7 and 22 July.
On the plateau, we observed both small young and pregnant females in
the Jangngai Shan on 4 July 1991 and elsewhere a newborn on 11 July.
Births were generally estimated to occur between about mid-June and mid-
July, indicating a rut from late December to early February. Two young
in the Lhasa zoo were born during the first half of June. Bailey (1911)
reported a captive birth in Gyantze on 8 August, which he considered
exceptionally late. High altitudes and seasonal patterns of precipitation
delay the nutritious spring growth that is so important to females during
late pregnancy and lactation. The differences in parturition dates, which
vary by at least a month, can probably be ascribed to the availability of
high-quality forage.

Weather and level of nutrition can have a marked effect on reproductive
success in any one year, as many ungulate studies have shown. Reproduc-
tive success in blue sheep, as expressed by the ratio of young to 100 adult
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females, varied greatly from area to area. In Nepal, the ratio ranged from
40:100 at Shey to 83:100 at Dhorpatan, and on the plateau it was a low
78:100 in the Aru Basin to a high 75:100 in Zadoi (table 5.1). Females
have as a rule only single young. On the rare occasion when a second
young trailed a female, it may have been a temporary association. Young
may also aggregate into creches: once I observed a herd of 3 females with
10 young and another time 5 females with 21 young. In areas with good
habitat, as at Dhorpatan, a small percentage of yearling females conceive
and give birth at the age of 2 years (Wegge 1979; Wilson 1981). Range
conditions probably explain some of the variability in the ratios of young
to females. Populations on good habitat tend to be vigorous, producing
many young, whereas those on poor habitat are often stagnant (see Geist
1971). The Shey blue sheep were crowded for the winter into a small over-
grazed range (8.8-10.0/km"). There, although protected by religious sen-
timent, they seemed to reproduce poorly but lived a long time, judging
by the many old males. The Aru Basin also had few young for unknown
reasons. Perhaps the small sample was biased or perhaps heavy snows that
year during the birth season affected survival.

Fecundity in a blue sheep population probably remains fairly constant
from year to year, as it does in ungulates whose food supply is quite pre-
dictable (see Schaller 1977b), and the difference between the number of
young and yearlings provides a rough estimate of mortality. The ratio of
vearlings (male and female) to adult females ranged from 26:100 to 40:
100 in most instances. An exception was in Nepal, where a large count
revealed a ratio of 80:100 (table 5.1). The decline between young and the
vearling class in the Qinghai populations was 42-58%, at Shey 27%, and
at Noorma Co 28%. Young, which need to invest much energy in body
growth, no doubt enter the stressful winter with low fat reserves, making
them susceptible to malnutrition, disease, and predation. At Dhorpatan in
Nepal about 50% of the blue sheep died between birth and 2 years of age,
most during winter (Wegge 1979).

Adults have a relatively long life as determined from the growth rings
of horns of males found in the field on the plateau (fig. 4.4); most animals
had been killed by hunters. Yearlings are not fully represented in the sam-
ple because their small horns (<15 cm) are easily overlooked. Over 80%
of the males died between 4 and 11 years of age. The sample comprised
10% young males (1-4 years), 73% prime males (4-10 years), and 17%
past-prime males (11-15 years), a longevity pattern similar to that found
in Taxkorgan except that past-prime animals were more abundant there
(Schaller et al. 1987). The death rate of females at Dhorpatan was esti-
mated at 22.5% per year (Wegge 1979). In contrast to blue sheep, argalis
seldom lived beyond the age of 9 years (fig. 4.4). At that age, the first molar
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Table 5.2 Sample blue sheep herds of mixed composition observed during summer
in Qinghai and Tibet

Adult  Yearling  Adult  Yearling

Location Date 33 343 ?9 ?9 Young  Toul
Zadoi 8-9/1986 2 — 4 | 2 9
5 2 6 3 4 20
4 1 9 1 8 23
10 1 8 1 5 25
17 1 8 1 6 33
Yushu 8/1984 2 3 21 8 5 39
Siling Co 9/1988 3 — 9 3 6 21
2 2 10 1 6 21
Noorma Co 9/1990 1 3 40 7 34 85
2 4 28 12 2 48

of argalis tended to be heavily worn, whereas that of blue sheep usually
did not reach this stage for another year or two. The contents of predator
droppings (chapter 11) revealed that snow leopard and wolves often preyed
on blue sheep. In Nepal, common leopards also ranged upward to 4000
m and killed this species (Wilson 1981).

In daytime, animals are most active in the early morning before 0930
and in the late afternoon after 1600 but they often have a feeding bout
around midday as well (Schaller 1977b; Wilson 1984). When foraging they
are easier to observe than when reclining, and they are less likely to detect
a stalking naturalist. Disturbed animals bunch up and dash out of sight or
toward a cliff.

In blue sheep, as in other caprids, the basic social unit and only stable
entity consists of a female and young and sometimes a yearling too. But the
animals are gregarious, associating in herds of up to 200 (Stockley 1928) and
even 400 (Schifer 1937a). In the Helan Shan the animals were usually in
herds of 5-50 but with up to 100 (Prejevalsky 1876). In the Dhorpatan area
the largest group comprised 44 individuals (Wegge 1979); at Shey, 61; in
the Taxkorgan Reserve, 54; in the Qomolangma Reserve, 35 (Lu, Jackson,
and Wang 1994); in the Aru Basin, 52; near Garco, 71; at Noorma Co, 85;
in the Anyemaqen Shan, 139; and in the Zadoi area, 165; and at Donggi Co
in Qinghai, 175 (Kaji et al. 1993); to give a few examples. However, herd
size depended on season, population size, habitat condition, hunting pres-
sure and disturbance, and other factors. A few solitary individuals aside, herds
consisted of three types: male herds, female herds with or without young
and yearlings, and mixed herds with subadults and adults of both sexes. Table
5.2 presents the composition of a sample of mixed herds.

Adult males may form herds with as many as 40 members (Schifer
1937a). Cai, Liu, and O’Gara (1989) noted a herd of 39 males in the Bur-
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Table 5.3 Percentage of adult male blue sheep in male herds and mixed herds during
summer in Qinghai and Tibet

% %
Total no. Total no. % 33 in 33 in
of anumals of adult 43 33 3 herds mixed herds

TiseT

Several

localities 535 121 226 76.0 240
QINGHAI
Qilian Shan 347 94 27.1 213 78.7
Anyemaqen Shan 942 25 2.7 0 100.0
Zadoi 947 342 36.1 19.0 81.0

han Budai Shan, and one herd in the Taxkorgan Reserve contained 52
males and 2 eleven-month-old young of unidentified sex. On the plateau
during summer we tallied one solitary male and 33 male herds with a mean
of 7.5 (2-26) members. Around Zadoi and the Qilian Shan—one habitat
lush and the other arid—about 20% of the males were in male herds and
the rest in mixed herds; the few males we saw in the Anyemaqen Shan
were all in mixed herds (table 5.3). Of 143 blue sheep classified near Garco
in late October 1993, there were 19 adult males, 9 yearling males, 83 adult
and yearling females, and 32 young; all males were associated with the
females. During winter at Dhorpatan before and during the rut, Wilson
(1984) found that 90% of the males were in mixed herds, 9% in male
herds, and 1% solitary, and Schaller (1977b) reported that at Shey 66%
were in mixed herds before the rut and 80% during the rut.

Female herds averaged 14.5 animals (# = 40) and mixed herds 23.2
animals (n = 57). These averages do not include many large herds, because
we could not classify every individual. We tallied a total of 5818 blue sheep
in 198 female and mixed herds during summer and autumn on the plateau,
for an average of 29.0 animals per herd. Two-thirds of the herds had 25
or fewer members, but only 27.5% of the individuals were in these groups
(fig. 5.5). Another 28.0% of the individuals were in herds with 26—-50 mem-
bers and the rest were in large herds. Kaji et al. (1993) tallied 85 herds in
Qinghai and Sichuan, with an average of 33.2 (range 2-175) members. In
the Manang area of Nepal, Oli and Rogers (1996) noted a mean herd size
of 15.6 but with significantly smaller herds in winter than at other seasons.

Conservation

Blue sheep populations are affected heavily by hunting, so much so that
many small ones have no doubt been exterminated. Subsistence hunting
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5.5. Herd sizes of blue sheep on the Tibetan Plateau. The data are based on 198 herds;
they exclude solitary males and male herds.

for this species was and still is widespread. Horns are often found around
tents and corrals. Near Zadoi, I came upon a tent with three men chiseling
Buddhist scriptures into stones that they would later place upon prayer
walls. A freshly shot female blue sheep was part of their larder. Blue sheep
are sometimes surrounded on an isolated cliff by a group of men and then
killed; I was shown one such site with seven fresh heads. Or, as a hunter
explained to Goldstein and Beall: “as soon as I spot blue sheep on a moun-
tain slope I turn loose my dogs. Their job is to corner one of the 72 among
the crags, and bark loudly to lead me to the spot. . . . Once I get there I
have plenty of time to set up my rifle and shoot” (1990). In western Nepal,
local people place poisoned bamboo spears along trails to kill blue sheep
and other wildlife (Jackson 1979a). In Nepal, foreign hunts for blue sheep
began near Dhorpatan in the Dhaulagiri Range in 1971 (Wilson 1981),
and the selection against large males has greatly affected the age structure
of some populations (Wegge 1979). Similar hunts were initiated in Qing-
hai in 1985 (see chapter 15). Starting in 1958 and continuing for two de-
cades, blue sheep were also killed commercially in Qinghai. About
100,000-200,000 kg of blue sheep meat were exported yearly to Europe,
principally to Germany. Local records from Dulan showed that 6641 blue
sheep were killed between 1981 and 1985 and 64,050 kg of meat were
purchased by the government from that area (Cai, Liu, and O'Gara 1989).
However, with blue sheep still widespread and locally abundant, the spe-
cies is ideally suited for a well-regulated management program that could
include a sustainable annual harvest in certain areas for subsistence and
commercial purposes.
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The men went out to shoot antelopes (Pantholops Hodgsoni and Procapra
picticauda), which were to be seen grazing here and there in the wide val-
ley. A herd of wild asses (Asinus kiang) were seen across the stream oppo-
site our camp, and on the other bank of the lake was a large herd of wild
yaks. The fabulous quantity of wild mammals to be found everywhere in
north-east Tibet can be accounted for by the almost complete absence of
their worst enemy—man.

Pyotr Kozloff (1908)

EVE SPECIES OF GAZELLE, including the saiga, occur in central
Asia. Of these the Tibetan gazelle is endemic to the Tibetan Plateau, a
small and graceful animal which is or was almost ubiquitous, the most
frequently seen wild ungulate in many areas of the alpine steppes and
meadows. Along the northern edge of the plateau, the range of the Tibetan
gazelle overlaps with that of the goitered gazelle and, in the northeastern
corner, with that of Przewalski’s gazelle. This chapter focuses on the Ti-
betan gazelle but also provides information on goitered gazelles for com-
parison.

Taxonomy

Two genera in central Asia are usually given the popular designation of
“gazelle.” One is Gazella, represented by the goitered gazelle, and the other
is Procapra, with two definite species: the Tibetan and Przewalski’s gazelles.
The Mongolian gazelle is often designated Procapra as well, but sometimes
it has been placed into its own genus, Prodorcas (Pocock 1918; Allen 1940),
as discussed in chapters 13 and 14. The skulls of Gazella can be distin-
guished from those of Procapra by the presence of a preorbital depression
and short and broad, rather than long and narrow, nasal bones (Groves
1967). The tails of Gazella are relatively long and thin, whereas those of
Procapra are stumpy, to name one conspicuous external difference. Saiga,
though in the past often classified with the chiru in the tribe Saigini of
the subfamily Caprinae, also belongs with the gazelles, subfamily Anti-
lopinae, as shown by recent morphological and molecular studies (see
chapter 13).

109
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6.1. A female and two adult male Tibetan gazelles wade through snow following the Oc-
tober 1985 storm. The large white rump patch and short tail of the species are evident.

There are no definite subspecies of Tibetan gazelles, P. picticaudata.
However, at least minor differences in the species exist within its range,
with, for example, the animals in southeastern Tibet near Mount Kailas
and in the Yiisiipalik Tag in Xinjiang seemingly larger than elsewhere.

Description

The Tibetan gazelle has a compact body and slender legs and stands about
60—65 cm high at the shoulder. Its coat is sandy brown to grayish brown,
grayer in summer than in winter. The fronts of the legs are light gray, and
the inside of the legs and the belly are white. The animal lacks conspicuous
facial markings and a lateral stripe. The rump patch is white, large, and
heart-shaped, and its hairs are erectile, often fanning out as the gazelle
flees. A band, light rust in color, borders the rump patch, which surrounds
the short (8—9 cm) black-tipped tail (fig. 6.1). Four adult females that died
following a blizzard weighed 13.2-15.0 kg, and three males weighed 14.1-
14.5 kg. Przewalski gave a weight of 16 kg (Prejevalsky 1876). Only males
have horns. These are slender and curve up, back, and then up again, and
they are ridged as far as the distal quarter; they diverge relatively little and
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6.2. Horn shape and length of adult males of the four gazelle species in China: A. Mongo-
lian gazelle; B. Tibetan gazelle; C. Przewalski’s gazelle; D. Goitered gazelle.

the tips often bend in slightly (fig. 6.2). Horn length of adults averaged
289 cm (26.0-32.2 cm; # = 21), and the distance between tips averaged
13.1 em (10.3-16.8 cm, n = 10).

Status and distribution

Tibetan gazelles are animals of open landscapes, of plains, hills, and even
mountains, where they may be found both in broad valleys and high on
ridges above timberline if the terrain is not precipitous. Their principal
habitat is alpine meadow and alpine steppe. They avoid much of the desert
steppe and other arid areas, which have few of the small forbs that are
their main forage.

Outside China, small gazelle populations occur in northern Sikkim
(Shah 1994) and Ladakh. Gazelles were once quite common in Ladakh,
but early this century Burrard found that “they are getting more scarce
every year” because of hunting (1925), and they are now close to extinction,
with perhaps fewer than 50 individuals (Fox, Nurbu, and Chundawat
1991a) in a few localities (fig. 5.4).

The eastern distributional limit of the species is in western Sichuan and
Gansu (fig. 6.3). “The Gowa, or Tibetan gazelle, is constantly met with in
grass country all over Eastern Tibet,” in an area that is now western Si-
chuan (Teichman 1922). There the species occurs “as far south as four
days below Batang and an undetermined distance south of Litang, and as
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6.3. The distribution of gazelles on the Tibetan Plateau and neighboring areas, based on
personal observations and some literature records.

far east as Sungpan” (Allen 1939). In the late 1980s, Kaji et al. (1993)
found the animals still fairly common in northwest Sichuan. In Gansu, we
observed gazelles only in the Qilian Shan, on a high plain in the Yanchiwan
Reserve.

The alpine meadows around the headwaters of the Yellow River in east-
ern Qinghai once represented the finest wildlife area in central Asia, as
conveyed by Kozloff’s (1908) quote at the beginning of this chapter and
by other travelers (Migot 1957; Prschewalski 1884). Gazelles were abun-
dant there until the 1950s. Today one can traverse these grasslands for
hours and seldom glimpse a gazelle. I came across a small aggregation just
east of Donggai Co, and the species persists around Gyaring Co (Kaji et
al. 1993). We tried to obtain a count of gazelles in two census blocks total-
ing 220 km* in the Anyemagen Shan by walking valleys and ridges and
scanning all slopes. The effort yielded 6 gazelles. Three census blocks to-
taling 545 km’ near Yushu and Zadoi produced 14 gazelles. In two valleys
of the Burhan Budai Shan—in the Hong Shu Chuan area and the Yeniu-
gou—Cai, Liu, and O’Gara (1989) estimated a gazelle density of 0.78
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animals/km?®. Harris (1993) calculated a density of 0.39/km* in the Yeniu-
gou. Gazelles were relatively sparse in the eastern part of the Chang Tang.
We transected a block of 2100 km* by car near Wudaoliang, counting all

azelles in a census-strip width of 600 m, and calculated 121 gazelles, for
a crude density of 0.06/km". Similarly, Feng (1991b) surveyed gazelles in
five areas totaling 1740 km* west of our site and derived a density of 0.08/
km®. In spite of low average densities, gazelles could readily be observed
in certain localities, such as in the valleys which bisect the region. For
example, on 3 November 1993 we tallied 31 gazelles in 22 km along the
Tuotuohe Valley just west of Tuotuohe. Gazelles persist even along the
Lhasa-Golmud highway: on 2 November 1993 we counted a total of 52
gazelles in about 30 km in a broad valley bordering the road as it winds
through the Tanggula Shan.

The plateau in Xinjiang is arid, not a favored habitat of Tibetan gazelles.
Ina survey within an area of 6000 km- we tallied just 4 gazelles. In the Arjin
Shan Reserve, intensive surveys in the western half (23,000 km-) yielded 9
gazelles (Achuff and Petocz 1988); in the eastern half a brief survey re-
ported 115 gazelles (Butler, Achuff, and Johnston 1986).

In Tibet, gazelles have a patchy distribution in the mountainous eastern
part (Feng, Cai, and Zheng 1986) and along the foothills of the Himalaya
(Bailey 1911; Waddell 1905; Jackson 1991; Piao and Liu 1994). During
October 1995 we traveled widely between the valley of the Lhasa River
south to the border of India and Bhutan. Gazelles were seldom encoun-
tered—only 23 were tallied—except on the steppes around Chigo Co
(28°40" N, 91°40" E), where 253 were observed, including a concentration
of 114 in a 1 km® area.

Gazelles are widespread in the Chang Tang, though now scarce on the
alpine meadows of the eastern part where human and livestock densities
are high. Farther west, on the Stipa steppes, Bower noted that “the Tibetan
gazelle (Gazella picticaudata) is even more widely distributed than the ante-
lope, but is nowhere so numerous as antelope are in certain places” (1894).
Most travelers did little more than mention them. For example, at Luma-
jangdong Co, “Pantholops antelopes were very numerous in flocks on the
floor of the latitudinal valley, and amongst them a few individuals of the
small Gazella antelopes were grazing” (Hedin [1922] 1991).

We attempted to count all gazelles in certain areas by crisscrossing ac-
cessible parts by car and by walking along ridges and valleys in search of
animals. The 1800 km’® Aru Basin had a crude density of 0.07 gazelles/
km? (table 6.1); the 300 km? Yalung Basin, 0.04/km?; and the 300 km*
census block near Garco, up to 0.12/km” (table 3.2). A minimum count
Ina 10,500 km* area between Shuanghu and Yibug Caka gave 404 gazelles,
or 0.04/km* (table 6.1). But gazelles are difficult to spot at a distance and
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Table 6.1 Minimum crude densities of plains ungulates observed in three census blocks,
based on attempted total counts by vehicle

Shuanghu-Yibug Caka* _
Aru Basin Toze Kangri

12/1991 10/1993 (7-8/1990) (6-7/1992)

Total area (km?) 17,500 10,500 1,800 8,000
Vegetation zone Stipa Stipa Stipa-Carex  Carex-Ceratoides
Number (number/km?)

Chiru 3,900 (0.22) 3,066 (0.29) 635 (0.36) Not censused

Tibetan gazelle 352 (0.02) 404 (0.04) 125 (0.07) 0

Kiang 1,224 (0.07) 1,229 (0.12) 212 (0.12) 20 (0.003)

Wild yak 13 2 681 (0.39) 73 (0.009)

*The two censuses covered the same central part, but the 1993 census did not include
some peripheral areas.

the actual density in that large area may have been at least twice that figure.
Piao and Liu (1994) observed 1823 gazelles in 11,281 km of driving
through various parts of Tibet and calculated an average density of 0.34/
km?, a figure which is not representative, because gazelles are often con-
centrated in basins or valleys. Since vehicles also favor such terrain, esti-
mates based on one transect through an area may skew results. On crossing
a basin southwest of Shuanghu in 1990, we counted 77 gazelles in 63 km
within 300 m on each side of the vehicle, a density of 2.0/km’. Driving
east from Siling Co toward Amdo near the southern reserve border, we
tallied 159 gazelles in 140 km, or 1.7/km*’. By contrast, we drove cross-
country west from near Dogai Coring to the Yako Basin and in 162 km
failed to see a gazelle. No gazelles were seen during a survey of an 8000
km* area of desert steppe in the Toze Kangri area north of the Aru Basin.

The extremely low density of gazelles in the northern quarter of the
reserve is of significance to conservation. It emphasizes that the species
can survive in appreciable numbers only on good pastures, and most of
these have been occupied by pastoralists. Gazelles are scarce on these
rangelands only because they have been and still are much hunted. Over
100 years ago, Przewalski wrote that the animal “is extremely wary, espe-
cially in those districts where it has learnt to fear man. . . . Its swiftness 1s
amazing; it bounds along like an india-rubber ball, and when startled seems
absolutely to fly” (Prejevalsky 1876). Such behavior has enabled gazelles
to survive. But they are still killed widely and casually for food. As Rawling
noted, “the flesh is delicious” (1905).

Gazelle numbers in the Chang Tang Reserve

The reserve was divided into a grid to determine gazelle numbers. For
each quadrat our approximate travel distance and gazelle density (animals/
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Table 6.2 Mean densities of Tibetan gazelles and kiangs in the three major vegetation
sones of the Chang Tang Reserve, based on vehicle transects

Vegetation zone

Stipa Stipa-Carex Carex-Ceratoides

No. of quadrats sampled
(see fig. 6.4) 57 41 i
Tibetan gazelle
No. of quadrats without

azelles 28 27 11
Mean density/km’ 0.26" 0.07
Kiang
No. of quadrats without
kiangs 26 17 7
Mean density/kin’ 0.39* 0.15 0.15

*Biased result; figures presumed too high (see chapters 6 and 10).
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6.4. Mean density (per kim®) of Tibetan gazelles in and adjoining the Chang Tang Re-
serve, based on vehicle transects. A quadrat in the grid is 625 km’, but only a fracdon of
each quadrat was transected. The densities reflect the patchy distribution of species. The
three blocks marked A, B, and C indicate areas in which total counts were attempted.

km?) were recorded, the latter determined by counts of animals within a
total transect width of 600 m. Some routes were driven more than once
but calculations were usually based on the first trip. Certain quadrats were
barely entered, whereas travel in others was extensive, and this affects the
calculations. The results indicate that gazelle distribution was patchy and
density seldom exceeded 1.0/km? (table 6.2, fig. 6.4). Density calculations
were based on the three vegetation zones (see fig. 2.7). The Stipa zone in
the southern half had the highest mean density (0.26/km?), the Stipa-Carex
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zone had an intermediate density (0.07/km-), and the Carex-Ceratoides
zone, or desert steppe, had the lowest (none/km-). The results for the
Stipa-Carex zone corresponded to a census in the similar habitat of the
Aru Basin, and in the Carex-Ceratoides zone neither transect nor census
revealed gazelles (table 6.2). The transect result of 0.26/km" in the Stipa
zone is much high<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>