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Transhumant Alpine Pastoralism in

Northeastern Qinghai Province:

An Evaluation of Livestock Population Response
During China’s Agrarian Economic Reform

Richard P. Cincotta, Zhang Yangqing, and Zhou Xingmin

Thisarticle is reporting the results of a 2-year study in the Menyuan pastoral system, a mesic alpine ecosystem
(>600mm rainfall; ca. 3200 maltitude) in northeastern Qinghai Province, People’s Republic of China. Research
was conducted among households of transhumant pastoralists who herd sheep and yak along the slopes and
adjacent valleys of the Qilian Mountains. An analysis of data from household interviews indicated that
harvest has been the most important influence on livestock population dynamics since decollectivization of
the herd in 1984. Whereas winter mortality and low survival rate of lambs bom in the early spring have been
problems, such sources of density-independent mortality have not been large enough to influence the trend
of population growth. Infact, mortality from these sourceshas decreased since 1984. According to pastoralists,
vegetative cover on fenced winter pastures has improved, but increases in summer herd sizes since
decollectivization (sheep: 3.9% /year, yak: 2.4%/year) continue to negatively affect rangeland soil and veg-

etation quality on common summer grazing land.

Over the past decade, agricultural systems
in the People’s Republic of China have un-
dergone an economic and administrative
transformation that is reshaping the social
and environmental fabric of rural life. After
nearly three decades of fully collectivized
ownership of agricultural capital, the rights
to land and livestock have been transferred
to producers through contractual systems
of “household responsibility”.! This shift
toward decentralization (often referred to
as decollectivization) was triggered by the
permissive economicatmosphere created by
the Central Committee of the Chinese Com-
munist Party during the early and mid-1980s
(Zweig, 1989). Whileruralincomesinmany
regions have doubled or tripled since eco-
nomicreform (Howard, 1988, Zweig, 1989),
itis still unclear what longer-term environ-
mental impacts will emerge “after the dust
settles”.

For the past two years, a team of Chinese
and US scientists have conducted popula-
tion studies on the Menyuan Horse Farm,
Qinghai Province, an agricultural and pas-
toral production uniton the Tibetan Plateau

that has implemented pastoral household
responsibility. The goals of research, within
the framework of the US Man and the Bio-
sphere Program, havebeen to determine some
of the local plant, livestock, and human
responses to the Farm’s recent economic
restructuring. This collaborative effort was
directed from the Haibei Alpine Meadow
Ecosystem Research Station (HRS), a Chi-
nese Academy of Sciences facility located at
the center of the Farm.

The objective of this paper is to examine
three hypotheses relating to plant-livestock
population dynamics in Menyuan. These
hypotheses derive from:

1. expectations of system behavior as
described by simple deterministic math-
ematical models of density-dependent in-
teractions within plant-herbivore systems;
and

2. two possible sources of population
control that act from outside the boundaries
assumed by those plant-herbivore models:
(a) density-dependent interactions with
higher trophic levels (predation); and (b)
density-independent influences (climate).
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To facilitate the discussion of forage plant-
livestock interactions, we will use a graphic
conceptualization of a density-dependent
plant-herbivore system (Figure 1) whichwe
have based upon equations? described by
May (1974:103). Hypotheses relating to pre-
dation and climate will each be considered
as separate extensions to that basic con-
ceptual model (Figure 2).

Consistent with this conceptualization,
we hypothesize that livestock population
dynamics in Menyuan are dominated by:
(Factor 1) density-dependent interactions
comprising control or “harvest” by higher
trophic levels, i.e. carnivorous predators or
humans (either directly or through the
market); (Factor 2) density-independent
population control comprised of mortality
associated directly with climate; or (Factor
3) density-dependent interactions with
lower trophic levels, i.e. plant-herbivore
interactions. Of course, domination by any
one of these factors is not an exhaustive set
of possibilities: realistically, the dynamics
of most plant and livestock populations in
pastoral ecosystems, over a long period of
time, arelikely todemonstratecombinations
of these three factors, rather than any one
alone. However, structuring the problemin
this way provides abasisfor evaluating each
of these interactions in the Menyuan eco-
system, for ultimately categorizing the
system, and for comparing it to other pas-
toral systems.

Livestock population data were drawn
from multiple-visit household surveys
conducted in 15 informant households out
of 25 belonging to Team 3 of the Menyuan
Horse Farm. Pastoralists were asked to re-
count the details (by sex-maturity classes)
of yak and sheep demography each year
between autumn 1984 and summer 1991.
Although almost all Menyuan pastoralists
were literate, it was found that household
herd bookkeeping was not common prac-
tice: written records of sheep production
were kept in only one of the interviewed
families. However, contracted herd sizes
were public record. In order to quantify the
annual cycle of weight loss and gain, sheep

in two households were classified by age-
sex classes (initial sample: n=6 for each age-
sex class), ear-tagged, and weighed sea-
sonally. In addition, household size since
decollectivization was determined.
Household members were included in the
count if they were supported for more than
6 months of the year by pastoral income;
members who worked outside the house-
hold, or had married into other self-sup-
porting family units were not counted. In
addition, interviews pertinent to rangeland
livestock production were conducted
among the Farm’s management.

The Menyuan System

The Ecosystem

Whereas the majority of Qinghai Province’s
terrain is covered by arid and semi-arid
grassland and shrubland receivingless than
250 mmof annual rainfall, Menyuan County
benefits from an average of 623 mm/ year of
fairly predictable precipitation (coefficient
of variation: 22%). Over 50% of the pre-
cipitation is concentrated in the growing
season (Xia, 1988), from mid-May to mid-
August, during which timefrostis generally
absent for only 2-3 weeks.

Natural vegetation of Menyuan County
has been classified into several vegetation
types that are characteristic of mesic
(moderatesoil moisture), alpine (above tree-
line) ecosystems along the western edge of
the Tibetan Plateau (Cai et al., 1989). On
Menyuan grazing lands, vegetation is dis-
tributed among;: (1) various sedge meadow
types on valley bottoms, along gentle hill-
sides, and on steep mountain slopes; (2)
swamp sedge meadow types in inundated
sites along streams, in bogs, and near lakes;
and (3) several shrub types in both valley
bottoms and on hillsides. Alpine sedge
meadow and swamp sedge meadow types
are covered almost entirely by perennial
herbaceous flora (grasses, sedges, and forbs).
Shrub types are dominated by low (< 1min
height) woody flora, with [potentially] a
thick herbaceous cover between shrubs.
These vegetation types produce between
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Figure 1. The paths of population and information flows in the deterministic mathematical
model of density dependent plant-herbivore dynamics.

In this example, changes in the state variables (herbivores and plants} are driven by information flows
(feedbacks), the magnitude of which depend upon the respective density of these populations. Control
over the upper limit of vegetation density is exercised through the parameter K, the environmental
carrying capacity for vegetation. In this model, the flow of energy and nutrients between trophic levels,
from primary producers (plants) to primary consumers (herbivores), is implied rather than explicit.
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Figure 2. Three hypotheses concerning forage plant-livestock population dynamics: one derived
from the model of density dependent plant-herbivore dynamics (Factor 3), and two extraneous
sources of influence (factors 1 and 2).

In this conceptualization, the possibility exists for the suppressionof livestock population growth by
(Factor 1) predators and humans, and (Factor 2) climatic events. In the absence of those factors, the basic
dynamical behaviour of the plant-herbivore model must be assumed: livestock will ultimately reach
sufficient high densities to interact with forage vegetation.
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about 180 and 440 g/m? annually. Al-
though soil moisture does not appear to
reach levels low enough to be a limiting
factor in yearly rangeland forage produc-
tion, year to year variation in the tempera-
ture regime may be a source of differential
forage yield (Zhang Y.Q., unpublished
data).

Among the more abundant forage species
are numerous grasses, including species of
wildrye, fescue, and bluegrass (Elymus
nutans, Festuca ovina and Poa pratensis,
respectively), sedges from the genera
Kobresia and Carex, and ashrub cinquefoil,
Potentilla fruticosa (referred to in Chinese
publications as Dasiphora fruticosa). Be-
cause a high percentage (>80%) of alpine
plant biomass is in roots, and low tem-
peratures retard decomposition, the clay-
loam soils of Menyuan tend tobestable (sod-
bound) and highly organic.

Long-term research using grazing
exclosures at HRS has demonstrated that
(asisoften the case in mesic grasslands)local
plant communities are highly resilient:
unless significant topsoil is removed, dis-
turbed plant communities dominated by
forbs can be restored to a moderate per-
centage of more productive, self-perpetu-
ating, but less grazing-tolerant forage spe-
cies (such as Elymus nutans) by excluding
or limiting grazing (Zhou and Zhao, 1988).
However, such a change in some currently
degraded ranges in Menyuan is likely ta
require at least 4 years of exclusion.

Notably, the behavior of these mesic al-
pine meadow plant communities, whereby
they experienceashifttoward generally less
palatable, less productive species when
heavily grazed, and then gradually recover
the taller grass component as grazing is
reduced or withdrawn, places them in a
category of Clementsian plant successional
complexes. This categorization (Figure 3)
refers to the explanatory power of
Clementsiansuccessional theory (Clements
and Shelford, 1939) in these communities, a
theory which proposes that plant succession
progresses along an orderly “linear con-
tinuum” of stages (seres) toward an end-

point (the climax community). In
Clementsian theory, grazingisadisturbance
which shifts vegetation backward to an
“earlier” stage along the continuum (retro-
grade succession). Thus, evaluation of
grazing impacts in Clementsian communi-
ties, such as the Menyuan alpine sedge
meadows, tends to be straightforward: after
determining the stage at which vegetation
presently resides, this is then compared to
the composition of the [potential] climax
community. Examples of climax commu-
nities are generally identified by isolating
vegetation from non-climatic disturbances
over a “reasonably” long period of time.3
Similar comparative evaluations in non-
Clementsian complexes (see Westoby etal.,
1989),4 which are present in many arid and
semi-arid systems, are not generally valid.

Patterns of Pastoralism

In Menyuan County, extensive livestock
production is the principal land use from
about 3000 to 4200 m altitude. On the Farm,
three pastoral production teams® (about 15—
25 pastoral households in each) utilize about
26,000 ha for grazing. Pastoralists are either
of Tibetan or Hui ethnic minorities. Each
economic “household unit” (as referred to
in this paper) generally consists of amarried
couple (to whom a production contract has
been issued by the Farm management),
unmarried female siblings, male siblings
and their families (spouses and siblings),
plus various dependent elderly relatives.
Households usually consist of about 9
members and operate with herds of about
400 sheep, 125 yak, and 1-8 horses.

Sheep are the primary commercial spe-
cies, yielding wool and meat. Wool is shorn
from all age classes of sheep, while mostly
females and wethers (males castrated dur-
ing their first year) are slaughtered for meat.
Menyuan ewes bear young at age 2 years,
and thereafter annually until they are culled
ataround the completion of their fifth year.
Wethers are sold or slaughtered generally
in the autumn or winter at the completion
of their fourth year. The 1991 summer sheep
herds were composed of: lambs (25% ),
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Figure 3. Examples of an idealized Clementsian plant successional complex, and a non-
Clementsian complex.

Clearly, evaluating the impact of distrubances is a simpler matter when dealing with the linear sequence
of communities in a Clementsian complex than it is among the irregular pathways of a non-Clementsian
complex.
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yearling females (7% ), yearling wethers (7%),
>2 year-old females (35%), >2 year-old
wethers (26%). Breeding males are supplied
to pastoralists by the Farm management
during the autumn

Yak contribute significantly to household
subsistence, yielding milk, meat, and yak
hair. Among both Tibetan and Hui
pastoralists in Menyuan, yak milk is con-
sumed pure, in milk-tea (Tibetan tea), or
processed into yoghurt, butter, and cheese.
Surplus productionis sold to various outlets
(discussed below). Yak femalesinMenyuan
first calve (and thus begin lactation) at age
4-5years,and many fail to calve with yearly
consistency. Yak are generally culled be-
tween ages 7 and 10 years. With the current
sex and age distribution of the herd, and
present fertility statistics, only about20% of
the yak herd will consist of lactating females
during any year. Milk production is ca. 4-6
liters/day, and lactations last 180-200 days

(seeJainand Yadava, 1985;Kalia, 1974). Yak
oxen(males castrated at age 2 years) are used
as pack animals and are occasionally trained
for riding, although horses are the riding
animal preferred. The 1991 summer yak
herds were composed of: calves (17%), 1-4
year-old females (20%), 1-4 year-old males
and yak oxen (22% ), >5 yr-old males (1-2
%), >5 year-old females (27%), >5 year-old
yak oxen (13%).

Farm managers describe the present pat-
tern of movement of herded livestock as
consistent with the “former local traditional
pattern” of pastoralists in the Datong Valley,
which they refer to as a seasonal movement
between two areas: winter grazing in the
lower parts of the Datong Valley, and
summer grazing on the nearby slopes and
high valleys of the Qilian Mountains.S In
actuality, the present pattern of
transhumance on the Farm is somewhat
more complex, varying between the pro-
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duction teams (to whom specific dates of
ingress and egress to areas were assigned
during collectivized management), and
often between households within teams. In
general, households in each team shift their
herds to assigned seasonal pasture within
the Farm'’s boundary at least 3 times during
the year: roughly summer, autumn, and
winter rotations. Whereas summer and
winter grazing still occur in the geographical
areas associated with the “traditional pat-
tern”, two areas midway between were re-
served for autumn grazing during collective
management. In addition, individual
households perceiving summer forage
shortages (described below), often chose to
move (trespass)ontoother areas outside the
Farm'’s boundary.

Summer grazing land is principally
covered by an alpine shrub meadow type
(Potentilla fruticosa shrub meadow) with
roughly 20% by other vegetation types, in-
cluding: alpine sedge meadows, slope sedge
meadows and other minor shrub meadow
types. The two adjacent autumn grazing
areas, one at the base of the foothills, and
the other surrounding a small lake, are
covered by alpine sedge meadow (Kobresia
humilis alpine meadow) and swamp
meadow types (Kobresia tibetica swamp
meadow), respectively. According to
pastoralists, summer grazing land is sub-
jected to some utilization by pastoralists
from other production units as their herds
pass through the area in the late spring,
before the Farm’s work teams have legal
ingress to the areas. We also observed
summer trespassing on the Farm’s autumn
grazing land by outsiders’ units, most sig-
nificantly on swamp meadow pastures.

During the winter, the entire household
lives in a single-story brick house adjacent
to their fenced winter pasture and 1-2 ha of
cultivated hay fields. During this time,
livestock are grazed in the day and kept
within tall, mud-walled corrals (often higher
than 3 m) at night. During periods of spring
snowfall sufficient to cover forage plants,
oat hay (Avena sativa) which was previ-
ously cultivated and harvested from their

household hay fields, is fed to sheep and
horses (pastoralists indicated that yak are
generally able to fend for themselves in the
snow). In May, hay fields are plowed and
planted, most often by hired farm labor and
their tractors. In June, a majority of the
household shifts to the common property
summer grazing area with both yak and
sheep herds. Often the most senior house-
hold members remain behind in the house,
sometimes accompanied by small children.

In the summer grazing area, the eldest
residents (generally the eldest son and his
family) live in large yak-hair tents, whereas
junior members and their families oftenlive
in smaller, lighter, canvas tents. While yak
are grazed all summer on this common
property grazingarea, one or two household
members often accompany their house-
hold’s sheep herd on asummer trip outside
the Farm boundary. At this time, lighter
canvas tents are used. All tents are moved
again when household members proceed
to autumn grazing areas in September, and
again when they return to winter pasturein
November. Children of school age attend
grammar school through high school at the
Farm Headquarters, where they board for
most of the year.

Seasonal Fluctuations in Animal
Condition

In Menyuan, livestock undergo an annual
cycle of loss and gain in body weight (for
sheep see Figure 4; no means for weighing
yak were available) similar to weight fluc-
tuations of wild herbivores in seasonal en-
vironments. We observed thatduring winter
and spring sheep lost the following per-
centage of their observed maximum body
weight: wethers 0-1 years (1317%), 1-2 years
(2615%), 2-3 years (31+2%), and females 0—
1years (16+4%), 1-2 years (234+2%),2-3 years
(39+3%),3-4 years (36:2%). The magnitude
of these weight losses probably have a de-
pressing effect on femalesheepfertility,and
may account for delayed reproductive
maturity in this species (Menyuan sheep
generally bear firstatage 2 years, whilemost
domesticsheep breeds normally bear at age
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Figure 4. Mean live weights (error bars represent 1 SE) for age classes of female sheep and
wethers (castrated male sheep) sampled from two households in Team 3 (initial sample was N=6;
due to subsequent mortality during this longitudinal study, N=4, 5, or 6).

Arrows represent approximate dates of shearing and culling observed during 1990 and 1991.
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1 year when in good nutritional status).
Furthermore, annual weight losses limit
finishing weights for wethers, whicharesold
asmeatanimals. PresentQinghai Provincial
Governmentagricultural policy encourages
the implementation of herd management
programs in rural communes that increase
production efficiency by: (1) reducing cy-
clic winter losses of previously achieved
animal weightgains; (2) decreasing livestock
winter mortality; (3) promoting the mar-
keting of lambs, and the sale and slaughter
of wethers at an early age. Whereas an ef-

ficiently conducted supplemental winter
feeding program would appear to offer an
obvious method for fulfilling these objec-
tives, it is a far from simple solution.
Presently, household oat hay cultivation
isencouraged through the Farm’s seed price
subsidies to pastoralists. However, these
subsidies are extended only to a limited
amount of seed: enough to provide emer-
gency winter feed to the contracted number
of sheep when standing forage is covered
by spring snows. The reason that subsidies
are not presently extended to a larger
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amount of seed is because Farm managers
suspect that, with access to common sum-
mer grazing land, an unlimited availability
of cheap supplement will only prompt
livestock producers to overwinter large
numbers of poorly conditioned livestock
rather than to improve livestock condition
in a smaller herd. Thus, additional supplies
of subsidized hay are likely to release
pastoralists from one of the few incentives
to exercise natural resource conservation: a
reliance on limited, privately managed
winter pastures.

Evolution of the Management
System
The Menyuan Horse Farm was originally
organized asa rural brigade during The Great
Leap Forward (ca. 1958), a period of agrarian
collectivization throughout China. Within
the brigade, agricultural producers were
organized into six production teams: three
agricultural, and three pastoral. Members
of each team elected their own leadership,
who then assumed responsibility for ac-
counting, livestock management, and as-
signing labor. In 1970, during the Great
Proletarian Cultural Revolution, the collec-
tive accounting” was centralized at the bri-
gade level. Finally, during the recent de-
centralization, Menyuan team leaderships
ceded most of their remaining decision-
making power to either the households, or
to the brigade (which became the “Farm
Management”). Whereas many agricultural
units have totally dismantled the collective
machinery?® a feature of economic liberali-
zation on the Menyuan Horse Farm is the
retention of brigade-level managementand
service functions (including administration
of the local population policy).
Implementation of the presenthousehold
responsibility system,? whereby all of the
collective’s sheep and yak were discharged
under contract to pastoralist households,
occurred in Menyuan during the autumn of
1984. Each household’sinitial contractherd
size was calculated from a formula based
upon the number of household members
and the total accumulated work-points, after

10

which all of the work team’s yak and Ti-
betan sheep were distributed among its
households.

During 1984, the winter grazing area was
also subdivided and distributed among
contracted households in each pastoral
production team. Beforedecollectivization,
ecologistsat HRS recommended to the Farm
management an optimal stocking level of
3.29adult Tibetan sheep/ha/ grazing season
(Zhou et al., 1986).10 This figure was based
upondata collected fromreplicated grazing
trials on the Station designed to correspond
to a seasonal rotation between two pastures:
alpineshrub meadow summer pastures and
alpine sedge meadow winter pastures.
However, the Farm Management selected a
slightly higher initial recommended stocking
level of 3.6 adult Tibetan sheep/ha/ grazing
season, which served as the basis for dis-
tributing blocks of the winter grazing area
for household utilization and management
among contractors. The Farm Management
then created equivalents to this recom-
mended level for other livestock (e.g.,
Xinjiang cross-bred sheep, yak, and horses)
insheep units.!! However, the summerand
autumn grazing areas, which lie nearer to
the slopes of the Qilian Mountains, have
been retained as grazing commons.!Z In
distributing winter pasture, the Farm Man-
agement expected that livestock numbers
in each household would soon reach a
“natural maximum”, being constrained by
the limited availability of private winter
forage. Thus, the Farm set no policy to di-
rectly limit livestock numbers within any
household, oronany grazingarea (only time
of access is controlled).

Inreturn for control of livestock and win-
ter pasture, heads of households signed
production contracts promising to annually
return a fixed amount of wool and meat
(referred to as duty payments) to the Farm
Management. Wool duty payments wereset
at 0.85 kg/sheep for the Tibetan breed!?
which is an estimated 70% of the expected
wool harvest from the original contractherd
size. For this amount pastoralists have re-
ceived abelow-market price (recently, about



4.5 yuan/kg). Production beyond these re-
quirements can be sold locally, or marketed
through the Farm Management at prices
about double the duty price.l4 The latter
often occurs because of the present scarcity
of entrepreneurs in the wool trade, and the
unreliability of transport to market.

During the first 4-year contract period
extending from 1985 to 1989, household
contracts required that6% of bothsheepand
yak in the contract herd number were de-
livered slaughtered to the Farm each au-
tumn, for which pastoralists received a price
at about 5060 yuan/adult sheep, and 200-
250 yuan/adultyak (dependingonsizeand
the annual Farm price scale). Generally,
pastoralists use this obligatory removal to
cull the oldest sheep and yak females in the
herd. Both wool and meat duty payments
were similarly calculated for the second 4-
year contract period (in progress), however
contract herd size was based upon each
household’s livestock holdings in autumn
1989. Private trade in meat and animal
carcass by-products (e.g., hides, bones,
horns) appears to be more firmly established
than the private wool trade, and occurs
primarily in the autumn.!5

However, contractsarenotnearly as fixed
as it would appear; modifications have oc-
curred during these periods, most of which
amount to additional duty payments for the
producer. The duty meat requirement was
increased to 10% in 1991, and in 1990 a duty
butter requirement was initiated at 2 kg/
contracted female yak. Inaddition, the Farm
Management has, from time to time, issued
various requests for larger required pay-
ments by individual producers (and occa-
sionally, work teams and individual pro-
ducers have made donations to the Farm).
In return, participating producers have re-
ceived nominal payments and obtained
delays from increases in contract herd
numbers (for example, in the case of lamb
duty payments, explained below). Beyond
contractual duty payments, households also
pay 3.24 yuan/sheep unit in annual cash
fees (composed of several land use and
management fees) based upon the contract
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herd number, which applies only to sheep
and yak (1 contract yak = 5 sheep units). In
the final tally, nearly all of the remittance
for duty requirements goes to pay for these
annual cash fees. While the charge seems
high, it should be remembered that it is
levied on the contract herd size at the be-
ginning of the 4 year period, not the actual
adultherd size during subsequent years, nor
the lamb or calf crop. Production from these
other sources can go to the household.

Profits made by the Farm Management
from resale of contracted livestock products
are used to maintain Farm services, and
invest in management and improvements.
Services which the Farm Management
maintains include veterinarians and vet-
erinary technicians, carpenters, electricians,
transport vehicles, meat storage lockers
available to pastoralist families, a credit
union, clinic, and primary and secondary
schools. In addition, the Farm Management
buys and distributes improved-breed male
sheep, and subsidizes the local production
of oat seed, which pastoralists sow in their
hay fields. Although responsibility for breed
horses was originally given to families in
one of the teams, horses were later restored
to collectivized management because of the
poor performance demonstrated under
household management.

Results

Livestock Population Growth

Our presentsample of Team 3 indicates that
both summer and winter herd sizes have
increased since decollectivization (Figure5).
However, theannual growthrate (AGR) has
been greater in the summer than winter
herds (Table 1), especially among sheep. In
1985, during the first summer after herd
redistribution, Team 3 households pos-
sessed 49.1 sheep per capita, and 13.8 yak
per capita.1éSince decollectivization (6 years),
the summer sheep herd has increased in
numbers by over 25.2%, while the increase
in the yak summer herd hasbeen only 14.9%.
These population increases in the summer
herd represent not only greater disposable

n
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Figure 5. Summer and winter herd sizes for sheep and yak in Team 3
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Table 1. Population estimates for Team 3 (25 pastoral families) of the Menyuan Horse Farm

No. of No. of Annual Growth
Species Population individuals individuals Growth (%) Rate +1SD
(1984-85) (1990-91) (%/yr)
l Human summer 206 228 107
Sheg winter 8,100 9459 168
summer 10,100 12,641 252
per capita 91 554 128
(summer)
Tk winter 2431 2678 102
summer 2847 3272 149
e 128 144 43
{summer)

12



wealth, but a “heavier load” on available
forage in both common summer and au-
tumn grazing areas. While some slowing of
sheep summer AGR to 2.5% occurred from
1989-91, summer yak AGR was 4.7% for the
same period.

Increases in winter populations since
distribution of livestock under the first
contract have been substantially less (sheep
16.8%, yak 10.2%). In fact, the pattern of
sheep winter herd AGR, at 1.4% from 1988
90, shows some (however uncertain) ap-
pearance of stability. However, for yak,
winter herd AGR was 4.6% during the same
3-year period after having fallen during
winter 1987 at an AGR of -4.7%.

This difference between summer and
winter population growth suggests that
reproductive output has increased among
livestock, and that there has been a simul-
taneous increase in annual removal of
livestock prior to returning to winter pas-
tures. In the following sections, we will
evaluate each of the three hypotheses for
population dynamics in Menyuan by ex-
amining the sources of these changes in
livestock reproductive outputand removal.

Estimated human population increase
during the same period!? was 10.7% (AGR =
1.741.1), which cancelled much of the per
capita gains in summer herd growth, espe-
cially in the yak herd. While no household
herds havefailed in Team 3, the differences
between household per capita herd sizes
(HPCHS) has broadened since 1985; an
outcome which was not unexpected in
pastoral household responsibility systems
(Goldstein and Beall, 1991). The standard
deviation (SD) of HPCHS during summer
1985 was 111.4 sheep (Min.=36.2;
Max.=69.3), and 4.2 yak (Min.=11.7;
Max.=20.3). Large differences which were
observed immediately following the first
winter of private herd management can be
credited toinitial inequalities in distribution
(from differences in work-points), changes
in family size (births, deaths, marriages),and
variation in pastoral strategies: following
herd distribution, several producers quickly
sold part of their herd for ready cash, and
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theninvested in house construction, horses,
and fencing; others kept their livestock. In
summer 1991, the distribution in HPCHS
had widened to where a SD of £33.3 was
observed forsheep (Min.=29.8; Max.=110.0)
and +12.6 for yak (Min.=6.0; Max.=45.3).

Discussion

Factor 1: Higher Level Control
Predation and off-take (“productive” re-
moval of livestock originating from human
decision-making, e.g. subsistence slaughter
and as gifts, payments, barter, or sales) are
potentially important agents of livestock
population control. However, unlike other
regionsof the Tibetan Plateau where wolves
are present (see Goldstein etal., 1990), there
were no reports of predation on livestock in
the Menyuan ecosystem. Thus, off-take is
potentially the most important trophic
control on herd size. In fact, off-take in-
creased during the years following
decollectivization from 13.7% of the sheep
herd and 9.8% of the yak herd in 1985, to
24.3% and 12.3% for sheep and yak, respec-
tively, in 1990 (Figure 6).

Besides annual contractual off-take (dis-
cussed above), the Farm Management has
been active in developing other voluntary
and directed programs for removing live-
stock. These programs are motivated by a
Qinghai provindial planfor increasing range
livestock efficiency which encourages
managers and pastoralists to sell lambs
(described in Xia, 1988; also suggested in
models by Dong et al., 1984, 1987) in order
to eliminate what is considered unproduc-
tive forage consumption due to winter
weight loss. As sheep reproductive success
has increased, the Farm Management has
instituted two programs to remove young
animals: (1) supplanting contractual herd
increases with compulsary “duty” deliveries
of live lambs; and (2) a lamb marketing
scheme.

In the former program, begun in 1987,
the Farm requires additional duty payments
in live lambs at the end of the winter (price
per head to pastoralists, 12 yuan). These
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Figure 6. Components of off-take (productive withdrawals of livestock) in sheep and yak herds in

Team 3 since decollectivization

Numbers above stacked bars represent total annual off-take as percentage of herd size
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payments are made in lieu of increases in
the contract sheep herd size. Lambs obtained
by the Farm Management are then fattened
on fenced, reserved summer range by Farm
staff, and sold in the autumn as yearlings.
Lamb payments are generally levied on
larger herds at approximately 3% of their
original herd number (9-11 lambs). In the
lamb marketing scheme, begunin 1988, the
management followslamb pricesin thecity,
and when the market is good, it notifies
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pastoralistsof the priceand number of lambs
needed for the sale, and organizes the
transportation to market. The program has
been increasingly successful, moving an
estimated 403 sheep from Team 3 in 1990.

Although no formal program of removal
has been developed for yak, the Farm
Management openly discourages further
proliferation of the yak herd. As of 1991, the
Farm Management has: (a) curtailed its as-
sistance in milk marketing, so that future



pastoral milk sales will have to be carried
out independently by producers; (b) initi-
ated duty butter requirements. Despitesuch
disincentives, it may prove extremely diffi-
cult to obtain voluntarily reductions in
Menyuan yak husbandry. The momentum
of pastoral population growth, in the ab-
sence of outlets for permanent human mi-
gration, will probably maintain the need for
a significant subsistence harvest.1®

Factor 2: Density Independence
Density-independent controls suggest
limitations on the growth of the herbivore
population fromoutside the food-chain,and
from outside the realm of those communi-
cable diseases which affect high density
populations. Possibilities include mortality
and suppression of reproductive potential
associated withadverse climatic conditions,
civil strife, and other catastrophes. These
factors affect the individual herbivore di-
rectly, and have little or nothing to do with
the number of herbivores per unit of forage
vegetation. Where density-independent
mortality occurs with sufficient frequency
and magnitude, itis possible for populations
which have the intrinsic potential to inter-
act vigorously, to have little impact on each
other (to be de-coupled; Wiens, 1984). This
tendency will cause the two-population
herbivore-plantmodel,described infootnote
2, to fail to approach its equilibrium point.
The dynamic behavior of such populations
has thus been labeled non-equilibrial dy-
namics. Recent investigations suggest that
density-independent interactions may be
the most important factors in herbivore
population dynamics in drought-prone
pastoral ecosystems (Ellis and Swift, 1988;
Ellis et al., 1991). In high altitude pastoral
ecosystems, prolonged severe winters and
unusually intense spring snows are known
tooccur peﬂodically,higgeringcatastrophic
livestock mortality and low reproductivity
(Shahrani, 1979, Goldstein et al., 1990).
Interview data suggest that there is little
evidence that mortality from these causes
presently has a great effect upon livestock
population growth. Pastoralists recalled that
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during collectivized management there
were years when individual herders were
known to have lost up to 20% of their herd
to winter mortality. Suchmortality occurred
typically during periods of extended severe
cold followed by heavy spring snowfall,
when livestock were weakened, deprived
of forage, and exposed to wind and mois-
ture. This occurred in spite of veterinary
services similar to those which have been
available after decollectivization; little can
be done dlinically to save a large number of
livestock simultaneously inflicted by the
compounded effects of forage deprivation
and exposure.

Despite this suggestion of heavy density-
independent mortality prior to
decollectivization, evidence of significant
losses of a similar nature since 1984 (re-
corded in our interviews) was lacking. In-
terviewed pastoralists agreed that severe
winter conditions occur every 5 to 6 years,
and thatthelast eventof this nature occurred
in 1987. However, during that year, despite
severely cold spring weather and an unu-
sually long period of snowfall, the highest
mortality in our sample was among yak,
where only 5.6% of the Team 3 yak herd
died or was lost. In fact, there has been a
general trend toward reduced livestock
mortality since the introduction of house-
hold responsibility (Figure 7). During the
first full year of decollectivization (1985),
livestock mortality and lostanimalsinTeam
3 (which does not include statistics for new-
born lambs; we include this source of
mortality under “reproductivity”) ac-
counted for 4.0% of all sheep (4.9% of the
winter herd, within which nearly all mor-
tality occurred) and 1.8% of all yak (winter
herd: 2.0%). Losses dropped to 2.6% of all
sheep (winter herd: 3.5%) and 1.3% (winter
herd: 1.5%), respectively, by 1990.

Interviewed pastoralists credit theirown
fencingand managementof winter pastures,
cultivation of hay supplies for emergency
winter feeding, increased personal care,and
the construction of protective corrals as the
sources of increased reproductive outputin
sheep. Both female sheep fertility and lamb
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Figure 7. Non-productive mortality and losses (unrecovered animals) among livestock in
Team 3 of the Menyuan Horse Farm since decollectivization
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survival increased substantially from 1985
to 1991 (Figure 8). There is some indication
that the values of these reproductive pa-
rameters have (atleast temporarily) reached
an upper limit. However, lamb survival is
likely toincreaseagainiflivestock producers
adoptasimple technologicalinnovation: the
“warm room” (Zhou X. M., unpublished
data). These enclosures are heated either by
dung fires under the floor, or by trapped
solar radiation under a clear plastic roof.
Although two warm rooms are presently in
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use by Team 3, pastoralists are not yet con-
vinced that building and maintaining these
structures onto their winter corral is eco-
nomically justifiable.

Itis important to note that, as one would
expect, household investments in capital
since 1984 have been concentrated in pri-
vately managed winter areas. Thus, tech-
nology hasbeen focused on the problems of
climaticeffectsonlivestock population. This
contrasts greatly with problems of drought-
induced mortality in extensive livestock
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Figure 8. Female sheep fertility and lamb survival in Team 3 since decollectivization
A substantial overall increase in reproductive output in the sheep herd has occured since 1985, however
these data indicate that both reproductive parameters may have (at least temporarily) reached an upper

limit.
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systemsinremote, arid ecosystems. In these
environments, organizing and maintaining
emergency supply systems to overcome
shortfalls in water and forage, which only
occur periodically, is a much more difficult
proposition than creating continuous serv-
ices such as veterinary care (Jain, 1989). In
addressing the management of drought-
prone pastoral systems where density-in-
dependentmortality is prevalent, Sandford
(1983:11) criticizes the “mainstream view”
of pastoralism in which animal health
technologies are blamed for promoting high
livestock densitiesand land degradation. He
argues convincingly that veterinary services
have little impact on population dynamics
influenced by climate. In contrast, we note
thatinMenyuan (and no doubtother alpine
pastoral ecosystems) the most readily
adopted technologies, which are both af-
fordable and operable on ahousehold level,
directly address climatic stresses on live-
stock.

1991

Factor 3: Density-Dependent
Plant-Herbivore Interactions

Given thelack of a suppressive influence on
population growth fromsources of density-
independent mortality, density-dependent
interactions between forage and livestock
(grazing impacts) are likely to occur if
livestock are allowed toattain high densities.
Again, using the two-population plant-her-
bivore model as an analogy, in the absence
of catastrophic reductions in the herbivore
population, plant population size is highly
affected by its interaction with the increas-
ing herbivores. In the absence of an extra-
neous forage supply or replacement her-
bivores (immigrants) in this model, both
population sizes tend to move toward
abundance values that are associated with
an equilibrium point (Figure 9). Although
this type of dynamic behavior has been
termed “equilibrial dynamics”, it is im-
portanttonote that systems in this category
need not currently be at equilibrium; they
are characterized only by a high level of
feedback between trophic levels.
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Figure 9. Theoretical phase diagrams for plant and herbivore populations showing an idealized
pattern of equilibrial dynamics where interacting populations are steadily advancing toward an

equilibrium point (A).

In the non-equilibrial system, interactions had begun to send populations toward the vicinity of A, but
were halted by a catastrophic decline in the herbivore population at t,.
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Intuitively, management in equilibrial sys-
tems should focus on mediating plant-
herbivore interactions: determining appro-
priate stocking levels, and regulating the
timing of grazing. An appropriate question
is: given the finite supply of range forage
allotted, its density, its seasonal nutritional
quality, and the seasonal sensitivity to graz-
ing of its constituent plant species, is there
at present sufficient regulation of herd size
and management of the timing and fre-
quency of grazing to secure an economically
and environmentally sustainable grazing
ecosystem? However, this question can only
be approached through long-term research
that is coupled with flexible management,
ecosystem monitoring of the results of
management, and monitoring of theimpacts
of climate and management x climate in-
teractions, which is no simple task.

The dynamic behavior of simple plant-
herbivore models (May, 1974; Noy-Meir,
1975) suggests that as livestock populations
increase, interactions with forage species
should ultimately cause decreases in
available forage plant populations, which
will, in turn, ultimately reduce livestock
population size.¥Inalivestock system, one
would expect reductions in forage plant
populations to affect animal condition and
reproductive success before animals actu-
ally starve to death. Since winter climateand
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snowfall can affect these same variables, it
can sometimes be difficult in high altitude
pastoral systems to sort out density-de-
pendent from density-independent effects.
There is also the possibility in this system
(and in other equilibrial systems; D.L.
Coppock, pers. commun.) that the weak-
ening of livestock condition due to reduced
summer forage supplies, a density-de-
pendent effect, will make livestock popula-
tions highly sensitive to climatic factors.
The plant species composition in
Clementsian plant successional complexes
in Menyuan provides a less equivocal in-
dication of on-going density-dependent
interactions (grazing impacts). Whereas it
hasbeen demonstrated thatalpinemeadow
rangelands in Menyuan can be readily re-
stored to >65% cover in palatable perennial
grasses through cessation of grazing (Zhou
and Zhao, 1988; Zhou and Zhang, 1986;
Zhou et al., 1987), this component in alpine
meadow vegetationin thesummer common
grazing land has been reduced to <10% and
replaced mostly by a variable array of less
palatable, sprawling forbs. In some alpine
shrub meadows in well-managed winter
pastures, perennial grasses make up >50%
of the plant cover (Zhang, forthcoming),
while on the summer commons perennial
grasses are rare (<5% cover) in the spaces
between heavily defoliated shrubs. On the



summer grazing land, there is also consid-
erable visible slippage of soils on drier
southerly aspects of foothills which appear
to be associated with heavily compacted
livestock trails. In addition, there are indi-
cations that populations of zokors
(Myospalax baileyi; a rodent similar in
habits to the pocket gopher) that are often
responsible for soil and vegetation distur-
bances in alpine plant communities, have a
higher survival rate in heavily grazed sites
(Zhou X. M., pers. commun.).

In response to the lack of mid-summer
forage on summer grazing land, between 4
to 8 household sheep herds (out of 25 in
Team 3) leave the commons each summer.
These herds are taken across the Farm
boundary for 3-4 weeks to graze a high-slope
pasture within a neighboring production
unit.2% Interviewed pastoralists recalled that
they found it imperative to make this jour-
ney when a long winter had delayed sum-
mer forage growth, but they were also cer-
tain that such trips were becoming more
necessary with the increased density of
livestock on the summer commons. This
expansion outside the area of usual use due
toshortfalls in summer forage supply, which
(atleastin part) have their source in grazing
impacts, suggests thatexpansion of thearea
is not only a feature of pastoral systems
demonstrating non-equilibrial dynamics
(Ellis and Swift, 1988; see Wiens, 1984) but
also a feature of systems that are more dy-
namically equilibrialin behavior.Inaddition
to Menyuan pastoral movement beyond
legal boundaries, unfenced pasture on the
Menyuan Horse Farm is frequently grazed
by pastoralists from several neighboring
units before the Farm’s pastoralists have
legal ingress to these grazing areas, sug-
gesting that those units may, as well, expe-
rienceseasonal shortages of palatable, good
quality forage.

Deterioration of vegetation and increased
soil loss on the summer common grazing
lands has not gone unnoticed: partitioning
(without fencing) of the upper valley and
foothills between summer and autumn
pasture, and fixed dates of movement be-
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tween pastures, were administered during
collectivized management to ameliorate
these conditions. In addition, the two pro-
grams for removing lambs (discussed
above) weredesigned to help regain control
of sheep herd size, and retard the rate of
rangeland deterioration on commons.

Alternative Conceptualizations

of Livestock Population Dynamics
Theplant-herbivore model belongs toaclass
of simplistic population models (predator-
prey equations) whose utility derives from
the fact that they are amenable to analysis,
rather than realistically representing a
complex production system that includes
feedbacks in spatial and socioeconomic
domains (Cincotta et al., 1991). Clearly, the
model was notdesigned to account for plant-
soil dynamics (as already suggested), the
importance of economic development, or
the questions of land tenure; all of which
have implications on plant-livestock dy-
namics in Menyuan.

Herd “privatization”, household man-
agement of winter pastures, and the ability
of each household to invest its labor and
savings in managed capital have acted as
catalysts for rapid environmental and social
change. In the years following the dissolu-
tion of the collective herd, family savings
have been invested in fencing allocated
winter pastures, a task which is still not fully
completed. During interviews, pastoralists
and managers stated that where fencing has
been completed, there has been an increase
in the quantity of standing winter forage
supplies. Without protection, this forage is
vulnerable to herds from other production
units who traverse the area during summer.
Other immediate responses to economic
reforms include further capital investment
on and around privatized winter pasture
included cash and labor investments in
building family houses?! on winter grazing
land, winter corrals and livestock shelters,
and fencing and farming 1-2 ha fields for
oat hay production. To varying degrees,
pastoralists have also invested in shoufu,
which are small diesel-powered utility ve-
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hicles22 and household appliances (most
houses are supplied with electricity).

Problems of common property use may
be affecting animal nutrition. Pastoralists
complain that there is now insufficient
summer forage for the additional livestock
that they have raised on their fenced winter
pastures since economic reforms were ap-
plied on the Farm. We speculate that the
reluctance to more directly limit stocking
rates on commons may be related to man-
agement’s fears of creating economic dis-
incentives during a period of prosperity and
change, or of creating a pastoral labor sur-
plus. Thelatterisanimportantconsideration
in view of the fact that few alternative em-
ployment opportunities presently exist in
the local rural countryside, and PRC
population policies restrict permanent mi-
gration from rural to urban areas.

While there is monitoring and fines lev-
ied against the Farm’s pastoralists who en-
ter their own grazing areas before the proper
date, there are apparently no legal reper-
cussions exercised against trespassers. In
fact, there appears to be a reciprocal toler-
ance of trespassing among local production
units, and a history of utilization of pastures
outside the Farm that predates the recent
agrarian reform. When interviewed, Farm
managers suggested that, at present, limit-
ing livestock on common grazing areas
would require enormous costs in fencing
and a continuous program of policing,
neither of which might be successful, fea-
sible, or beneficial to relations with
neighboring production units. Interviewed
pastoralists stated that they thought that
excessive trespassing on autumn pastures
by other pastoralist groups was a problem.
However, Team 3 members did not seem to
be adamant that livestock owners should
be keptstrictly within the boundaries of their
unit; perhaps because they, as well, have
needed toseek seasonal forage beyond their
unit’s boundaries. Two families stated that,
even during the years of collectivized
management, they had used that area out-
side the Farm which they presently continue
to graze nearly every summer. When asked

about whether there had been disputes con-
cerning trespassing between pastoral
households within and outside the Farm,
allinterviewed households stated thatnone
had occurred.

Summary

From our study of livestock population
growth, we have determined that off-take
(productive removal of animals from
grazing lands) appears as the most impor-
tant factor in the dynamics of the livestock
population. Livestock mortality and sup-
pression of reproductive potential from
adverse climatic conditions, specifically
winter cold and spring snow storms which
reportedly occur every 5-6 years, are
management considerations in this alpine
ecosystem. However, our data suggest that
this form of density-independent control is
at present insufficiently expressed to sig-
nificantly impinge upon livestock growth
trends. Density-dependentinteractions with
forage vegetation also appear to be an im-
portant consideration, but we found no
evidence that it is directly responsible for
livestock mortality. However, there is sub-
stantial evidence of grazing impacts on
vegetation in common grazing areas on the
Menyuan Horse Farm. Additionally, re-
ductions in forage availability appear to be
responsible for a few of the Farm's
pastoralists travelling beyond the Farm
boundaries in the late summer, to trespass
on grazing land administered by another
production unit. We have also speculated
that reduction in forage availability may
depresslivestock condition,and in the future
might make livestock more susceptible to
years of extreme winter climate.

It is important to realize that economic
reforms have, as was their goal, created an
environmentfor capitalization of household
production and an incentive for closer
management. Technologicalimprovements
that have entered this production system
after household responsibility was assumed,
almost entirely focus around activities on
the privately-managed winter grazing area.



They concentrate on providing shelter, care,
and an improved winter forage supply for
animals. Thus, these technologies (e.g,
fencing of winter pastures, hay farming,
protective corrals) are specifically directed
toward reducing the level of density-inde-
pendent losses, and our data suggest that
they havebeensuccessful. However, alarger
reproductive success of the herd has in-
creased the forage demand on common
grazing land. Although there is a rotational
system for these commons, there is also
trespassing from other units on some of this
land when it is not being utilized by
Menyuan pastoralists. Reductions in the
more productive components of the forage
vegetation and visual evidence of soil im-
pacts on common grazing lands, indicate
that in spite of China’s reputation for firm
political control over the means of produc-
tion, the management of plantand livestock
population dynamics cannot be disentan-
gled from basic socioeconomic concerns (a
situation that tends to be found in other,
less controlled economies).

Conclusion

Based upon our research, we have charac-
terized plant-herbivore population dy-
namics in Menyuan as equilibrial because:
(a) year to year composition and quantity of
forage species are affected (in a less pro-
ductive direction) by the density of her-
bivoresonalarge portion of therangelands
(Factor 3); and (b) the most significant in-
fluence on livestock population growth
arises from the demands of pastoralists, and
that of the political economy in which they
operate (Factor 1). While future possibilities
for high climate-induced mortality (Factor
2) cannot be entirely discounted, it is more
probable that, without changes in the man-
agement of summer grazing land, livestock
may become increasingly susceptible to
harsh winters (compound effect of Factors
2 and 3). The latter possibility is best ex-
plained by plant-herbivore models that
consider measures of animal condition (such
as percentage body fat). Other features that
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help characterize the Menyuan pastoral
ecosystem are: (1) successional behavior
among local vegetation is strongly
Clementsian (resilient); (2) livestock rotate
seasonally between privately used, and
common grazing lands; and (3) aspects of
landand livestock managementare divided
amongboth households and amanagement
unit.

While we found that questions posed by
the equilibrial/non-equilibrial dynamics
framework are extremely useful in investi-
gating a pastoral system, it must be re-
membered that it draws only upon simple
ecological models for its basic concepts.
Pastoral systems are human systems dis-
playing complex economic and social dy-
namics as well. Although Wiens (1984)
suggested that it would be possible to
characterize the dynamics of natural plant-
herbivore systems on anaxis from fully non-
equilibrial systems (dominated by density-
independent controls) to fully equilibrial
system (dominated by density-dependent
interactions), the application of this “fully
ecological” approach to a human-managed
system may fall short in characterizing
forage-livestock systems that are attached
to markets, imported forage, and govern-
ment services. The framework has, impor-
tantly, underlined a fundamental question
which shouldbe addressed by each manager
and scientist who evaluates an extensive
livestock system .: given the frequency and
magnitude of climate-induced livestock
mortality, can these pastoralists overgraze?
In Menyuan, it appears that they can.

Notes

1 There are many local forms of rural household
responsibility systems (sce Zweig, 1989; Leeming,
1985). For information on the implementation of
contractual systems in pastoral production, see
Howard (1988), Goldsteinetal. (1990), Goldsteinand
Beall (1989, 1991), and Clarke (1987).

2 The following system of difference equations has
been adapted from a simple plant-herbivore-carni-
vore model with an assumed stationary population
of plants (represented by K, the carrying capacity of
herbivores; in May, 1974:103). For the discussion in
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this paper, we have converted these into a plant-
herbivore (and nutrient) model, thus reassigning the
two state variables to lower trophic levels. In this
new conceptualization, K represents the stationary
level of soil fertility. This allows both plant and
herbivore populations to increase or decrease
through interaction, as suggested by Ellis and Swift
(1988) in their graphical conceptualization of non-
equilibrium dynamics in South Turkana. Thus, we
will assume that the following equations represent
density-dependent interactions at their simplest:
occurring between forage species and herbivores.
Pis1 = P+ pP((l = Pt-'['/ K)- THtPt (1
Hys1 = He + aPHe - BHy )

where the state variables P and H represent the
population of forage plants and the population of
herbivores, respectively. For equation (1), p is the
natural growth rate of the plant population and Kis
the upper limitof plants; yis thedeath rateexpressed
in plant mortality per herbivore present; and Tisa
time delay in the response of P. For equation (2), ais
thegrowthrateof the herbivore population per plant
consumed; B is the natural mortality rate of herbiv-
ores. When H>0, P>0, and Kitss, the model displays
a single equilibrium point. The origin of this class of
two equation system, in differential equation form,
canbe traced to the Lotka-Volterra equations (Lotka,
1925; Volterra, 1926; cf. May, 1974), models that are
the foundation of population biology.
3 This fundamental comparison is the basis of range
condition and trend evaluations (Dyksterhuis, 1949;
Humphrey, 1945), the techniquestandardized by the
US Soil Conservation Service,and utilized in various
forms by other US and Canadian land management
agencies.
4Tn many arid and semi-arid ecosystems, plant suc-
cession exhibits disjointed non-Clementsian dynam-
ics, referred to as “non-equilibrium” dynamics by
Westoby et al. (1989). In the latter case, undisturbed
vegetation is not driven toward only a single
compositional “domain of attraction”, i.e.theclimax
type, and disturbance may create an altogether new
set of possible stages. These plant successional dy-
namics should not be confused with the “non-
equilibrial” plant-herbivore dynamics described by
Wiens (1984) and applied to pastoral ecosystems by
Ellis and Swift (1988), which are the basis for our
hypothesis (Factor 2) addressing density-inde-
pendent (climatic) control of livestock populations.
To avoid further confusion between the two con-
cepts, we have chosen to use the terms Clementsian
and non-Clementsian complexes to characterize
plant successionaldynamics,and equilibrialand non-
equilibrial plant-herbivore systems to characterize
forage-livestock population dynamics.
5 Sheehy (1987) provides details of team-level pas-
toral organization in an Inner Mongolian collective.

Actually, the pastoralists of Production Team 3
which are the focus of this study, were brought into

the Menyuan area from Soji (an adjacent collective
directly west of Menyuan) in 1976.

Accounting functions included assessing produc-
tion,awarding work-points, and distributingincome.
For details, see Zweig (1989), Leeming (1985). Dur-
ing this period the brigade of the Menyuan Horse
Farm awarded work-points based on a system of
birth, death, and production indices.

8 Howard (1988:56) suggests that some household
responsibility systems (e.g. all-inclusive contract
systems) almost completely abolished the means of
funding former brigade-level and commune-level
functions. As a result, the condition of common
services, especially irrigation, quickly declined.

particular system employed by the Menyuan
Horse Farm is called (in Chinese) bao? ben® jin!,
“B'I;ti\tecting capital”.

us, these researchers suggest an optimal stock-
ing level for the pastoral section of the Farm as 1.65
sheep/ha/year. Clearly, grazing trials conducted at
Haibei Research Station do not correspond precisely
with the system of rotation. However, grazing trials
rarely, if ever, adequately replicate actual field
conditions. At best, such trials provide an initial
estimate of an optimum stocking level which must
then be adjusted by managers according to obser-
vations of livestock and plantresponse, and changes
in yearly rainfall.
11 For stocking purposes, Tibetan sheep represent 1
sheep unit; improved wool breeds represent 2 units;
yak are 5 units; improved breed horses are assessed
at 35 units, and local breed horses are 50 units.
12 The system of private winter and common sum-
mer pastures, presently operating in Menyuan, is
very similar to the pre-Revolution land tenure pat-
tern of a Qinghai tribal group (Zung T'sa) described
bx Carrasso (1959).
13 Farm management is in the process of improving
production parameters of local Tibetan sheep
through cross-breeding with Xinjiang fine wool
sheep. Management hopes to extract duty wool re-
?uinements of 2.5 kg /sheep for these crosses.

4 Prices for wool are awarded according to a
complex schedule which accounts for wool grades,
and contractual requirements. To fulfill the contract
duty amount (0.85 kg/contracted sheep), producers
have received roughly 4.52 yuan /kg for the first 0.5
kg/sheep, and 9.80 yuan/kg for the next 035 kg/
sheep. The latter price also applies to all wool mar-
keted through the Farm beyond thiscontractual duty

Tice.

?5 We have insufficient data to characterize private
and Farm transactions in live animals, meat, and
animal by-products, which require a separate in-
depth study.

16 The herd size issued to households in autumn
1984 averaged 43.8 sheep per capita and 12.7 yak per
capita. These figures fall between the number of
livestock distributed to households in populations
in the Tibetan Autonomous Region (TAR) reported



by Goldstein and Beall (1991:117) and Clarke
(1987:11).
1 Programs of family planning incentives {actually
disincentives for childbirth beyond a fixed com-
munity limit, which are already enforced for Han
families in Menyuan) were applied by the Farm
Management to local ethnic minorities involved in
pastoralism (Tibetan and Hui) during 1990 (2 chil-
dren/family)and 19911 child /family). For a review
of recent PRC population policy, see Greenhalgh
(1986); for the TAR, see Goldstein and Beall (1990).
18 Milkingand milk-product production (butter and
cheese) is easily the most labor intensive of pastoral
enterprises in Menyuan. Pastoralists estimated that
a woman could milk about 20-24 yak in morning
and evening milkings if she were helped by a herder
to secure them. Because all children are kept in school
for most of the year (except summer vacation), their
labor is generally not available.
19 This continuous interaction between plant and
herbivore populationsis reminiscentof thedynamics
illustrated in “equilibrium models” of populations,
such as the predator-prey equations (Lotka, 1925).
This behavioroccursasboth predator (the herbivore)
and prey (the forage spedies) move toward an equi-
librium point.
20 At least one family regularly makes this trip (a 1-
day journey) outside the Farm boundaries. Others
visit this area less frequently, notably when they
perceive a critical need to utilize an alternative for-
age source, and have sufficient labor to both care for
the yak herd (which remains on the summer com-
mons) and conduct affairs at the winter grazing area
(e.g., fencing, farming, trading).

1"Before decollectivization, Menyuan pastoralists
lived exclusively in tents on winter, summer, and
autumn sites. Beginning in 1984, pastoralists were
able to hire construction workers and skilled
tradesmen who were associated with the Farm
Management Unit (under the direction of brigade
cadres) to build houses adjacent to privatized winter
pastures. Loans were madeavailableby management
to finance house construction.
22 These are three-wheeled vehicles controlled by
handle bars (and, very recently, furnished with
steering wheels and cabs), known in Chinese as
shoufu .
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