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a b s t r a c t

Rangeland degradation on the QinghaieTibetan Plateau is a growing concern, often attributed to climate
change and overgrazing. A minority of researchers have suggested instead that degradation may be
caused by changes in land management, particularly enclosures and the contracting of long-term ran-
geland use rights to households. However, these claims have been hampered by a lack of empirical
evidence. This field experiment is the first to compare rangeland conditions over time in the case of
different management regimes on the QinghaieTibetan Plateau, specifically single-household versus
multi-household management. A survey of vegetation properties in Maqu County, Gansu province in
2009, and repeated in 2011, examined the differences between single- and multi-household manage-
ment in terms of vegetation biomass, cover, and species richness. In 2009, the biomass of the sedge group
under multi-household management was significantly higher than that under single-household man-
agement. In 2011, biomass, vegetation cover, and species richness were all significantly higher under
multi-household management than single-household management. These data suggest the flaws of the
tragedy of the commons assumptions underlying single-household management.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Rangeland degradation has become an issue of considerable
concern for the Chinese government since the economic reforms of
1978 and particularly since the late 1990s, following dust and
sandstorms over Beijing, major flooding of the Yangtze River, and
the increased incidence of the Yellow River running dry, all of
which have been attributed to upstream degradation (Harris, 2010;
Ho, 2000a; Yeh, 2009). Claims that 90% of Chinese rangelands are
degraded are pervasive and generally accepted in China, despite a
lack of credible data and contradictions among and within official
reports on degradation (Harris, 2010; YontenNyima, 2012). In
addition to technical measures such as aerial sowing, removal of
livestock, forage cultivation, and the eradication of small mammals
such as pikas, the Chinese government has focused on attempting
to halt rangeland degradation through the implementation of
policies to privatize use rights to pasture.
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These policies have been based on the assumption of the
“Tragedy of the Commons” (Hardin, 1968) e the belief that only
privatized land-use rights can provide an adequate incentive for
households to manage their livestock without causing rangeland
degradation, by making herders responsible for matching herd
sizes to rangeland resources and for investing in improvements for
sustainablemanagement (Harris, 2010; Ho, 2000a; Yan et al., 2005).
Rangeland use rights contracts were first implemented in the 1980s
with China’s 1985 Grassland Law, which stipulated that grazing
land could be contracted out both to collectives and to individual
households (Ho, 2000b; YontenNyima, 2012). This possibility was
reiterated in the Land Administration Laws of 1986,1998, and 2004,
as well as the amended Grassland Law of 2002. However, the Rural
Land Contract Law of 2002 and Property Law of 2007 stated that
land, including grazing land, should be contracted to individual
households (YontenNyima, 2012). Laws and policies have thus been
inconsistent with respect to the basic unit of rangeland use rights
allocation as well as whether pasture should be used individually or
collectively after implementation of land-use rights contracts.

There has been a strong tendency for local and regional gov-
ernments to interpret the policies as a mandate to limit land-use
rights to the scale of individual households. This began in the

Delta:1_-
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:Caojj06@163.com
mailto:Guozdu@lzu.edu.cn
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.jaridenv.2013.05.002&domain=pdf
www.sciencedirect.com/science/journal/01401963
http://www.elsevier.com/locate/jaridenv
http://dx.doi.org/10.1016/j.jaridenv.2013.05.002
http://dx.doi.org/10.1016/j.jaridenv.2013.05.002
http://dx.doi.org/10.1016/j.jaridenv.2013.05.002


J. Cao et al. / Journal of Arid Environments 97 (2013) 3e84
1980s in Inner Mongolia and gradually spread to Xinjiang and the
eastern and then western parts of the QinghaieTibetan Plateau
(QTP) in the 1990s and into the 2000s. This has led to many
documented problems, including household inequality, as rich
households that can afford to buy barbed wire fences started
enclosing more land than allocated, thus increasing grazing pres-
sure on unfenced land; inequitable access to water and increased
labor and economic burdens; and an increase in rangeland conflicts
(Cao et al., 2011a; Williams, 1996, 2002; Wu and Richard, 1999; Yan
and Wu, 2005; Yan et al., 2005; Yeh, 2003).

Though policy-makers and most scientists assume that over-
grazing and climate change are the key drivers of degradation on
the QTP, some researchers have pointed out that the Tragedy of the
Commons assumption-based rangeland contract system and its
enclosures may be more important drivers of rangeland degrada-
tion (e.g. Banks, 2001, 2003; Miller, 2000; Sheehy et al., 2006;
Taylor, 2006; Yang, 2010; Yan et al., 2005; Yan and Wu, 2005).
However, the lack of empirical ecological evidence has limited the
acceptance of this argument. This study is the first to test this
argument through a field experiment that compares rangeland
conditions over time in the case of different management regimes
in Maqu. By comparing rangeland vegetation quality between
single household and multiple household-managed pastures, the
study tests the assumption that privatization and individualization
of resources leads to environmentally and socially superior out-
comes. In doing so, it contributes to the broad literature on the
“tragedy of the commons” and rangeland management (Crépin and
Lindahl, 2009; Feeny et al., 1990; McKay and Acheson, 1987;
Ostrom, 1990; Peters, 1997; St. Martin, 2001).

2. Materials and methods

2.1. Study area

Maqu County, Gansu province (101�e102 �E, 33�e34�N) is
located on the boundary of Sichuan and Qinghai provinces, in the
eastern QinghaieTibetan plateau (Fig. 1). The altitude ranges from
2900 to 4000 m with an annual rainfall of 450e780 mm. The
annual average temperature is 1.8 �C, with a low of �10.7 �C in
January and a high of 11.7 �C in July. The maximum air temperature
during the growing season can reach 29 �C, and there are on
average 270 frost days annually. The rangeland area covers about
Fig. 1. The location of Maqu on
87 � 104 ha, and 59% is classified as alpine meadow, dominated by
sedges such as Kobresia capillifolia and Scirpus pumilus; grasses such
as Festuca ovina, Poa poophagorum and Elymus nutans; poisonous
weeds such as Ligularia virgaurea, Stellera chamaejasme, Anemone
rivularis, Trollius farreri Stapf and Anemone obtusiloba; and legumes
such as Astragalus polycladus and Gueldenstaedtia Verna.

Historically, herders of Maqu engaged in transhumant pasto-
ralism of yak and Tibetan sheep based on collective rangeland
rights, an apparently environmentally sustainable land use (Cao
et al., 2011b; Yan et al., 2005). In 1996, a policy of enclosure and
land-use contract grazing was implemented in Maqu County and
the local government decided that winter pasture use rights should
be contracted to single households (SH), while summer pasture
rights could be contracted to units of up to three households
(multiple households: MH). Average household size is 4.7 herders
in Maqu, and each herder received roughly 15 ha when use rights
were contracted. Based on this, we can infer the size of rangeland of
the two different household types. In both cases, enclosures were
used. For MH grazing, an enclosed area of rangeland proportional to
the number of people in the families is jointly managed with no
internal boundaries between pastures, while for SH, a smaller
rangeland area is fenced off and managed by one household.
However, the MH system was in practice implemented on winter
pasture in some cases as well, including units larger than 3
households. Local officials were flexible in allowing herders to
choose the management regime they preferred.

There are 7406 households inMaqu County, for a total of roughly
35,000 herders. In 2008, a survey of 4752 of those households was
conducted to examine management and scope of multi-household
units (Cao, 2010). Of those surveyed, 82% managed their winter
pastures in multi-household units. Among these households, about
50% did so in units of 3 households, 30%managed in units of around
10 households, and 20% managed in even larger-scale units. On
summer pasture, 86% (4103 households) engaged in MH manage-
ment with around 15 households or more. Generally, those who
managed their winter pastures in MH units also did so in summer
pasture. On the other hand, some of those who managed their
winter pastures in SH units found they needed to organize into MH
units on the relatively remote summer pastures due to its limited
water sources and for the greater security possible with multiple
households, important in the more sparsely populated landscape.
Our previous research found that those who managed their
QinghaieTibetan plateau.
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pastures, both winter and summer, in SH units were households
that made few contacts with others, and were conveniently located
to be able to rent their pastures to outsiders without others inter-
vening. By contrast, those who managed in MH units were less
conveniently located for renting to outsiders, and had more com-
munity networks. In the context of a long history of collective
pastoralism, they were also reluctant to switch to SH management
due to concerns about fairness in the equitable use of patchy ran-
geland and water sources (Cao et al., 2009; Yeh and Gaerrang,
2011).

Traditionally, pastures for each of the four seasons were distinct,
with frequent movement among and within them. However, with
the implementation of land-use contracts, the scope and space of
available rangeland has been reduced. Currently, most MH house-
holds only have summer and winter pastures, and often move
livestock in June from winter to summer pasture, and return to
winter pasture in August. They spend another month at summer
pasture in September and then return to winter pasture in October,
spending a total of about 9 months per year at winter pasture (Cao
et al., 2011b). Some SH households have only one pasture for year-
round use. In addition to the differences in the cost of production,
social capital and grazing patterns between MH and SH (see Cao
et al., 2011b for more details), access to water sources also being
different. Water sources in Maqu are diverse, with some coming
from the Yellow River, and others from seasonal rivers or
Fig. 2. Diverse water sour
groundwater (Fig. 2). Generally, MH units have access to several
sources of water, while SH units tend to have one or even none. In
the latter case, households must buy water from others for live-
stock, or travel long distances to water sources.

2.2. Methods

Thirty SH and thirty MH areas of winter pasture, all alpine
meadow, within an area of 36 km2 were selected for study. All of
the units sampled had been under either SH or MH management
since the implementation of land-use contracts in 1996. The MH
and SH units had the same type of livestock e all yaks e as well as
the same stocking rate. According to the Animal Husbandry Bureau
of Maqu County, this stocking rate is two sheep equivalent units per
hectare (Animal Husbandry Bureau of Maqu County, 2005). None of
the units chosen for the study rented their land to or were renting
land from other units. Among the 30MH households, 20 were units
of 3e15 households and 10 had more than 15 households, with the
largest having 30 households.

A randomly selected 50 m � 50 m plot was used for quadrat
sampling in each area. Rangeland quality was characterized using
common indicators of degradation: total biomass (g), vegetation
functional group biomass (g), vegetation cover (%), and plant spe-
cies richness (Reed et al., 2007). All samples were taken on winter
pasture during a week of dry weather from 4 to 9 July in 2009 and
ces in Maqu County.



Table 2
Biomass of the four functional groups (g).

2009 2011

SH MH SH MH

Sedge 8.27 � 0.81 11.84 � 1.03* 15.23 � 0.98 22.12 � 1.48***
Grass 2.71 � 0.56 3.08 � 0.53- 4.37 � 0.89 4.09 � 0.97-
Poisonous weed 12.49 � 0.87 16.42 � 1.77- 13.07 � 1.60 15.35 � 1.48**
Legume 0.67 � 0.16 1.09 � 0.37- 0.48 � 0.10 1.49 � 0.42*

Note: “-”,“*”, “**”, “***” means not significant, and significant at p < 0.05, p < 0.01,
and p < 0.001 respectively.
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again from 19 to 24 July in 2011 (Yang, 2012), after the herders had
moved to summer pasture in both cases. Within each plot three
quadrats (50 cm � 50 cm) were laid out at random locations and
orientations and data recorded for plant functional groups
including sedge, grass, poisonous weed and legume biomass. Cover
was estimated using the BrauneBlanquet scale (Westhoff and Van
Der Maarel, 1978). Fresh samples were oven dried at 80 �C to a
constant weight (48 h) and each biomass typewas expressed by dry
weight. Biomass was recorded as zero if weight of the functional
groupwas<0.01 g. The species richness was expressed as the mean
species count for each plot. The number of households grazing each
MH site was also recorded. The data were analyzed using SPSS 15.0,
and p < 0.05 was used as the critical threshold for significance to
determine differences in the parameters.
3. Results

There was no significant difference in total biomass, coverage,
and plant species richness between SH and MH in 2009, but by
2011 significant differences had emerged (Table 1). Only the sedge
group had significantly greater biomass in MH than in SH in 2009
(Table 2), while by 2011 MH had significantly greater biomass in all
functional groups except grass. The overall species richness
declined in both SH and MH from 2009 to 2011.
4. Discussion

There were differences in biomass between 2009 and 2011
(Table 1), but it should be noted that these could have been due to
the 2011 sampling being 15 days later in the year than in 2009. July
is the peak of the summer growing season in Maqu County (Cao,
2010). In alpine habitat, the growing season is short so the
biomass changes quickly.

Precipitation in Maqu was similar in 2009 and 2011, at about
600 mm, which is adequate for the needs of plant growth (Wang
et al., 2008). Assuming that the higher biomass of both SH and
MH units in 2011 relative to 2009 was due to the differences in
sampling time, we would expect that if there were no degradation,
the cover and species richness would also be higher in 2011.
However, this is not the case. Instead, the results show that cover
and species richness of both MH and SH units decreased between
2009 and 2011; the species richness decrease was significant
(p < 0.01) for both SH and MH units, while the decrease in cover
was not significant.

The cause of decrease in species richness in SH units was most
likely the ongoing effects of the transition from collective rangeland
management to SHmanagement, the imposition of fencing, and the
resulting reduction in flexibility and mobility compared with his-
torical management (Fernandez-Gimenez, 2002; Yan et al., 2005;
Yeh and Gaerrang, 2011), which leads to intensified trampling (Ao
et al., 2008; Klein et al., 2011; Li and Zhang, 2009; YontenNyima,
2012). According to Yang (2010) the damage caused by trampling
is twice that of grazing. Furthermore, trampling damage often
Table 1
Biomass, coverage and species richness of SH and MH.

2009 2011

SH MH SH MH

Biomass (g) 24.16 � 3.30 32.44 � 5.12- 34.47 � 2.26 42.34 � 2.38**
Cover (%) 89.2 � 0.09 92.5 � 0.13- 87 � 0.01 91 � 0.01*
Species richness 21.0 � 0.70 22.3 � 0.65- 15.0 � 0.58 18.35 � 0.53***

Note: “-”,“*”, “**”, “***” means not significant, and significant at p < 0.05, p < 0.01,
and p < 0.001 respectively.
interacts with other degrading factors, such as soil disturbance
activities of small herbivores, exposure to wind scouring, low
regeneration capacity of alpine turf communities, and the decline
in vegetative reproductive capacity of some rhizomatous alpine turf
species, which ultimately causes loss of the alpine turf and de-
creases the quality of rangeland. Given the increase in trampling
due to the smaller, limited grazing area, the soil quality under SH
managed plots was probably decreasing, in an ongoing process
since the imposition of SH units in 1996, leading to decreased ca-
pacity for plant regeneration and seed propagation, and thus spe-
cies richness decline (Briske et al., 2008; Liu et al., 2003). This view
is supported by Cao et al. (2011a), who found that SH management
caused a decrease in plant diversity by focusing continuous and
higher grazing pressure on smaller areas of rangeland. A loss of
grass species reduces the functional diversity of the grass layer and
decreases the resilience of the system in terms of its ability to keep
functioning ecologically in the face of external shocks (Carpenter
and Turner, 2000; Carpenter et al., 2001).

The species richness decline between 2009 and 2011 on MH-
managed areas can be explained as the result of the scale of the
MH plots not being large enough to offer enough mobility to offset
the effects of grazing pressure. Plant species richness was positively
related to the scale of households in MH in both 2009 (r ¼ 0.51,
p < 0.001) and 2011 (r ¼ 0.49, p < 0.01) (Cao et al., 2011a; Yang,
2012). Most MH units had 3 to 10 households, suggesting that
this scale of MH households is too small to support plant diversity
and should be enlarged in number of households and thus grazing
area.

Our study found that species richness of both MH units and SH
units declined significantly between 2009 and 2011, but due to the
lack of previous data, we do not know when this significant dif-
ference was first established. That is to say, we know that between
1996, when these smaller-scale units were first established, and
2011, species richness was reduced on both SH-managed units and
MH-managed units, but we cannot say whether these differences
became significant only in 2009, or earlier.

The fact that the difference in species richness between SH and
MH was insignificant in 2009 but became significant in 2011 re-
quires further study. We speculate here that although the range-
land quality of both MH and SH declined, the SH-managed
rangelandwasmore easily degraded because its trampling pressure
is generally heavier than that of MH. In addition to the fact that the
smaller spatial scale of SHmanagement leads to more concentrated
areas of trampling as discussed above, the lack of water sources for
SH households also contributes to the concentration of grazing and
trampling. By contrast, MH units have more opportunities to move
during community growth and development, shortening the
grazing duration on certain areas of rangeland, leading to less
grazing as well as trampling pressure on rangeland than SH. In
addition, financial expenditures also differed between MH and SH
units. Generally, SH units need to spend more money on fencing
material and other infrastructure than MH households (Cao et al.,
2011b). In Maqu County, 90% of herders’ income comes from the
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sale of livestock and livestock products such as milk (Cao, 2010).
With increased expenditures, forage needs also increase, and thus
cause trampling to be further intensified. In sum, owing to the
limited spatial scale of grazing areas and greater financial pres-
sures, the rangelands with SH units are subject to more trampling
than MH units. The former, direct cause of trampling is the main
trigger of rangeland degradation, while the latter indirect pressure
further exacerbates degradation.

From Tables 1 and 2, we can see that the rangeland quality of
MH is better than that of SH in both 2009 and 2011, and the
discrepancy of rangeland quality between MH and SH became
larger in 2011. In 2009, though only the difference of the biomass of
the sedge group between MH and SH is significant, this strongly
suggests that the rangeland quality of MH is better than SH because
alpine meadow are dominated by sedge species on the QTP (Niu
et al., 2010). In 2011, by contrast, the differences between the
biomass, cover and species richness between MH and SH were all
significant. This appears to indicate that MH will be better than SH
in terms of protecting rangeland, but may not be as good as tradi-
tional transhumant grazing because livestock cannot graze over a
large enough area in the current configuration of MH units.

There are no completely traditional grazing systems still in place
on the QTP, and thus this cannot be determined by empirical
observation. However, interview data support this idea. Cao et al.
(2011b) found that 60% of herders interviewed in Maqu preferred
traditional transhumant grazing on a large scale because of better
and more flexible access to water and grass, allowing livestock
access to greater varieties of feed, and to greater mobility through
migration in all four seasons. Generally, by grazing over a larger
area, livestock can use abundant low-quality food with little
disturbance, and spatially heterogeneous urine and dung deposi-
tion across the landscape then aids in plant recruitment. The live-
stock may also be efficient seed dispersers by transporting soil and
undamaged seeds over larger distances. Spatially-heterogeneous
urine deposition could also increase regeneration sites and soil
heterogeneity (Olff and Ritchie, 1998).

The results of an earlier study indicate that 8e15 household
units would be suitable for cooperative management of grazing and
could be socially acceptable with suitable policy support in the
current social and political context (Cao, 2010). Despite both the
herders’ stated preferences for larger-area MH grazing and the re-
sults of the field observations reported here that strongly indicate
MH is more suitable for grazing management than SH in terms of
species richness and biomass, the actual trend across Maqu in the
absence of policy support for larger MH groups has been one of
large MH groups breaking into smaller groups, including a trend
toward SH management.

There are two main reasons for the trend toward smaller MH
and SH management in Maqu County. Like some areas of the QTP,
such as Naqu County (Wu and Richard, 1999; YontenNyima, 2012),
there is also a system in place in Maqu County for households with
more livestock to compensate those with fewer when pastures are
managed in common byMH. However, conflicts have emerged over
refusals or delays in paying compensation, and in the course of our
survey in 2009 we encountered several larger MH groups that had
divided into smaller ones as a result of non-receipt of compensation
money (Cao, 2010). In addition to perceived inequality within MH
groupings, if pastoralist households decide to settle in towns, which
is an increasingly common phenomenon across the QTP (Yeh and
Gaerrang, 2011), the household first separates from the MH group
into SH management to facilitate the rental of grazing rights. This
has also led directly to a decrease in the size of MH groups, and
according to those interviewed during the field study, rangelands
that are rented tend not to be grazed according to theoretical
rangeland carrying capacity (perhaps because the herder no longer
has a personal investment in the land), and overgrazing leading to
trampling damage becomes more common. The disconnection
between the holder of land use rights, the herder, and the land thus
leads to rangeland degradation.
5. Conclusions

Providing results of the first field experiment on the QTP that
compares rangeland conditions over time under different man-
agement regimes, this ecological study demonstrated that MH-
management was superior to SH-management in terms of key in-
dicators of rangeland quality, particularly plant biodiversity, cover,
and biomass. This finding suggests that Chinese policies leading
either directly or indirectly to individual household enclosures and
management of rangeland on the QTP should be carefully recon-
sidered. More generally, the evidence from this study strongly
suggests, in line with studies of other pastoral areas around the
world, that basing policy on the “tragedy of the commons”
assumption that undermines common property management is
detrimental (Behnke and Scoones, 1992; Little, 2003; McCabe,
1990; Peters, 1997; Turner, 1993; Williams, 1996). Instead, com-
mon ownership and management can be environmentally benefi-
cial, particularly in the context of pastoralism, which has been
traditionally characterized by mobility and flexibility.

The study provides evidence that management regimes play an
important role in determining rangeland condition on the QTP, and
that deteriorating conditions cannot be attributed to climate
change alone. Moreover “overgrazing” cannot be understood sim-
ply in terms of individual herders’ irrationality, nor can it be
thought of only in terms of numbers of livestock, but must also
consider the distribution of livestock on the landscape and how this
is conditioned by policies of enclosure and land tenure. If policy
can’t tolerate a return to traditional nomadic pastoralism over large
spatial scales (Harris, 2010), the rangeland policy of Chinese gov-
ernment should consider MH with a larger number of households
per group. Finally, given other structural pressures that are
encouraging the breakup of MH households to SH management,
even when herders recognize and clearly articulate the benefit of
the former, this will require careful planning and further research
that takes into account a whole suite of socio-cultural, political-
economic, and ecological factors.
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