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China has implemented forest policies and expanded protected areas to halt deforestation and protect giant
panda habitats. These policies simultaneously encouraged local communities to raise livestock that then freely
range in forests. This grazing had unintended consequences. As an alternative livelihood, it has become the most
prevalent human disturbance across the panda's range. How do free-ranging livestock impact giant panda habitats and what are the implications for future conservation and policy on a larger scale? We use Wanglang
National Nature Reserve as a case study. It has seen a nine-fold livestock increase during past 15 years. We
combined bamboo survey plots, GPS collar tracking, long-term monitoring, and species distribution modelling
incorporating species interaction to understand the impacts across spatial and temporal scales. Our results
showed that livestock, especially horses, lead to a signiﬁcant reduction of bamboo biomass and regeneration.
The most intensively used areas by livestock are in the valleys, which are also the areas that pandas prefer.
Adding livestock presence to predictive models of the giant panda's distribution yielded a higher accuracy and
suggested livestock reduce panda habitat by 34%. Pandas were driven out of the areas intensively used by
livestock. We recommend the nature reserve carefully implement a livestock ban and prioritise removing horses
because they cause the greater harm. To give up livestock, local communities prefer long-term subsidies or jobs
to a one-time payment. Thus, we recommend the government provide payments for ecosystem services that
create jobs in forest stewardship or tourism while reducing the number of domestic animals.

1. Introduction
Habitat loss and fragmentation from deforestation, agriculture expansion, road construction, and other disturbances have divided the
wild population of giant pandas (Ailuropoda melanoleuca) into 33 isolated populations in six mountain ranges in China (State Forestry
Administration, 2015). Climate change will further fragment their distribution (Fan et al., 2014; Shen et al., 2015; Songer et al., 2012;
Tuanmu et al., 2013). With the Natural Forest Conservation Project
(NFCP) and Grain to Green Program (GTGP), the deforestation that was
once the biggest threat to pandas has drastically reduced (Liu et al.,
2008). These two programmes are among the largest payment for
ecosystem services and forest conservation policies in the world
(Schomers and Matzdorf, 2013; Xu et al., 2006; Bennett, 2008). NFCP
protects and restores the forest via a ban on logging. It provides payment for economic losses from restrictions and funding for reforestation
and management (Schomers and Matzdorf, 2013). GTGP aims to return
croplands on steep slopes to forest or grassland to reduce soil erosion
and restore forest with in-kind grain and cash payments (Xu et al.,
⁎

2006). Moreover, China has devoted unparalleled resources to conserve
pandas including establishing 67 nature reserves that now cover >
54% of the panda's range (State Forestry Administration, 2015). These
actions also protect a substantial fraction of China's other endemic
vertebrates (Li and Pimm, 2016).
A previously unrecognised threat is now emerging — livestock
grazing. It has become the most prevalent human disturbance
throughout the panda's distribution (Hull et al., 2014; State Forestry
Administration, 2015). More than one-third of the transects during the
fourth national survey of giant panda showed evidence of livestock
grazing (State Forestry Administration, 2015). How livestock grazing
inﬂuences the survival of giant pandas has become an urgent and critical question.
Previous studies show an overlap in the spatial distribution of
pandas and livestock (Kang et al., 2011; Ran et al., 2002a; Ran et al.,
2002b; Wang et al., 2015; Zhou et al., 2016) and grazing of bamboos
(Hull et al., 2014). They fail to answer whether livestock grazing is a
signiﬁcant threat. The diﬀerences in distribution between species could
be a result of their interspecies interaction, or just from diﬀerent habitat

Corresponding author at: Environmental Research Centre, Duke Kunshan University, Kunshan, Jiangsu 215316, China.
E-mail addresses: binbin.li@dukekunshan.edu.cn (B.V. Li), shengli@pku.edu.cn (S. Li).

http://dx.doi.org/10.1016/j.biocon.2017.09.019
Received 26 April 2017; Received in revised form 25 August 2017; Accepted 8 September 2017
Available online 30 September 2017
0006-3207/ © 2017 Elsevier Ltd. All rights reserved.

Biological Conservation 216 (2017) 18–25

B.V. Li et al.

2. Materials and methods

preferences. A way to diﬀerentiate these two possible causes requires
the study of long-term changes. Up to date, only one study (Zhang et al.,
2017) has used such data. There is no quantitative estimate of how
much area of panda habitat is degraded or lost due to livestock.
Species distribution models are widely used in conservation planning and species management (Guisan and Thuiller, 2005), and more
recently in projecting the impacts of climate change and other human
disturbance on the distribution of biodiversity (Araujo et al., 2008;
Pearson and Dawson, 2003). Most studies only consider the relationships between a species and its abiotic environment and ignore interspeciﬁc interactions (Elith and Leathwick, 2009; Wisz et al., 2013).
With the emerging threats from livestock, it is critical to examine
whether incorporation of the livestock data could better predict the
suitable habitats for pandas. If so, we can use such data for targeting
areas with conﬂicts over habitat use and so improve conservation
planning.
We examined livestock grazing using the case of Wanglang National
Nature Reserve (referred to as Wanglang hereafter), which was established in 1965 to protect pandas. There has been no logging, agriculture, or human residence ever since. Local people living outside the
reserve began to raise free-ranging livestock there and their numbers
have increased nine-fold since 2004 (Fig. 2 in Supplementary materials). This case study quantiﬁes their impacts.
We ask four questions. First, what are the immediate and long-term
impacts of livestock grazing on bamboos that constitute 99% of a
panda's diet (Schaller, 1985)? Second, has the increasing number of
livestock changed the distribution of giant pandas? Third, how does the
incorporation of livestock inﬂuence the accuracy of predicting giant
panda habitat? Finally, how does the total area of giant panda habitat
change after the increase in livestock and where are the most dramatic
changes?

2.1. Data collection
Wanglang is in the northern Min Mountains (Fig. 1), covers 323 km2
and has elevations from 2300 to 4980 m. It is part of the South-Central
China biodiversity hotspot (Myers et al., 2000). Around half of the area
is under 3200 m, which is the upper limit for bamboos, and is potential
panda habitat. Baima township is the only human residence outside
Wanglang. It has four villages and a total population of 1686. Twelve
households from the neighbouring village have livestock (horse and
cattle) inside Wanglang.
2.1.1. Sign surveys
We collected data from 2013 to 2014 from 20 m by 20 m plots with
systematic sampling, placing 124 plots in summer and another 188
plots in winter. They were at least 300 m apart to avoid spatial correlation. (The radius of the panda home range is 300 m (Hu et al., 1985).)
In each plot, we recorded presence (as shown by scats, tracks, and other
signs), absence, and relative abundance using scats of pandas, cattle, or
horses. We also took vegetation measurements. Two measurements
assessed the impacts of grazing from cattle and horses in a plot: the
percentage of bamboo cover that was grazed in a plot and the percentage of bamboo leaves on a culm grazed by livestock. The feeding
signs from livestock can be easily distinguished from other wildlife as
they are less selective of individual culms. Moreover, the grazing eﬀects
of wildlife are relatively low (Hull et al., 2014). Using ArcMap 10.2, we
derived estimates of factors that may inﬂuence the habitat usage (Liu
et al., 1999) including tree cover (Sexton et al., 2013), slope, elevation,
aspect, distance to river, distance to paved road and trails.
2.1.2. Bamboo plots
We examined the impacts on bamboos from livestock grazing between heavily grazed sites (> 50% of the bamboos being grazed) and
livestock-free areas nearby, separated by natural barriers such as a

Fig. 1. Study area - Wanglang National Nature Reserve. It is in the northern region of Sichuan Province, in the Min Mountains.
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river. The untouched patches served as controls. Normally, the diameter and height of the shoots are similar to adult culms after the ﬁrst
growing season (Wei et al., 2013). We took ﬁeld measurements on the
ﬁrst-year bamboo shoots at the end of the shooting season, which
completes their period of rapid growth to full height (Wang et al.,
1987). We measured 100 clumps of bamboos at intensively grazed and
ungrazed sites respectively. For each clump, we placed a 1 m × 1 m
plot on the centroid, counted the number of culms and shoots and
measured the height and base diameter for ﬁve culms and ﬁve shoots.

Table 1
Final variables used in the model and description.

2.1.3. Monitoring data
Routine wildlife monitoring data from 1997 till 2014 recorded all
direct sightings and their signs along 24 ﬁxed transects in panda habitats conducted by reserve staﬀ (See supplementary for details). This
dataset only involves presences versus absences.

Variable name

Description

Elevation
Slope
dis_road
dis_pave
dis_river
Tree cover
Landcover
TPI

Elevation derived from 30 m DEM
Slope derived from 30 m DEM
Distance to trail, calculated from GIS
Distance to paved road, calculated from GIS
Distance to river, calculated from GIS
Average tree cover in 600 m diameter, calculated from GIS
Landcover type: grassland, shrubs or forest
Topographic position index, calculated from 30 m DEM (Weiss,
2001). Range from −2 to 2, − 2 stands for valley bottom, − 1
lower slope, 0 for ﬂat area, 1 for upper slope, 2 for ridge.

understanding of the species-environment correlation, we added the
quadratic terms for certain abiotic factors to the initial full model. Then
we used minimum AIC criteria to ﬁnd the best model (Yamaoka et al.,
1978). The Area under the ROC curve (AUC) and 10-fold crossvalidation (Boyce et al., 2002) were used to evaluate the models.

2.1.4. GPS tracking
We placed 21 GPS collars (Anit-GSMcollor810, Tianjin Blueoceanix
Technology Co., LTD) on the dominant animals (Sato, 1982) for 11
herds of cattle and 10 herds of horses. These provided a position ﬁx
every 2 h from Aug 2015 to Dec 2016. Before deployment, we tested
their precision. This showed 10 m ± 9 m in open areas and
21 m ± 17 m under canopy. The overall acquisition rate for ﬁxes was
71.4%.

2.2.2.3. Change of habitat use of giant pandas in the livestock distribution
area. We considered 1997–2004 as the “pre-livestock” period, as then
few livestock were within the reserve, and 2009–2014 as the “postlivestock” period, when there was more than a nine-fold increase of
livestock according to our interviews with the local stakeholders (Fig. 2
in the Supplementary materials). We calculated the number of panda
observations from the monitoring data falling into the current livestock
distribution for each period. We divided the livestock distribution by
species — cattle or horses — and by intensity. To avoid the bias in
survey eﬀorts in diﬀerent periods, we used the number of detections for
all other species in the monitoring data in the same period as a measure
of survey intensity (Phillips et al., 2009).

2.2. Data analysis
2.2.1. Impacts of livestock grazing on bamboos
We compared the height and diameter for mature culms and shoots
between grazed area and ungrazed area, using the bamboo plot data.
We calculated the shooting rate as the ratio between the number of
shoots and number of culms. From the sign surveys, we compared the
grazing impacts from diﬀerent types of livestock, horse only, cattle
only, and both types.
2.2.2. Impacts of livestock grazing on panda habitat usage over time
2.2.2.1. Species distribution modelling. We modelled the current
distribution of livestock (cattle and horse in summer and winter
respectively), the current distribution of pandas, and the historic
distribution of pandas before the livestock were introduced using
Generalised Linear Model (GLM). We did data exploration of the
presence and absence of the three target species (cattle, horses,
pandas) with explanatory variables including elevation, slope,
topographic position, tree cover, distance to a paved road, distance to
trail and distance to a river. We measured GIS-derived data at diﬀerent
scales — averaged from cells within 30 m, 60 m, 90 m, 300 m, or 600 m
diameters. The same environmental factor at diﬀerent scales may have
varying inﬂuences on habitat selection (Mashintonio et al., 2014).
Furthermore, the high correlations between these and other variables
can inﬂate the variance of regression parameters and lead to the
incorrect identiﬁcation of relevant predictors (Dormann et al., 2012).
We used Random Forest to select the environmental factors at the most
relevant geographic scale while controlling for correlation between
predictors (Strobl et al., 2008). Variables with higher values of mean
decrease of accuracy were selected for their relatively higher
importance (Cutler et al., 2007). We further excluded the variables
with a correlation coeﬃcient | r| > 0.7 (Dormann et al., 2012). Table 1
shows the ﬁnal list of variables that are all at 30 m resolution. We
produced binary maps using the cutoﬀ values of which maximised the
sum of sensitivity and speciﬁcity (Sing et al., 2005) for both livestock
and panda distribution models.

2.2.3. Importance of adding species interaction into panda distribution
models
2.2.3.1. Post-livestock panda distribution and importance of adding species
interaction. For giant pandas, the pre-test showed that season was
among the least important variables. Thus, we pooled sign survey
data from summer and winter and built the GLM model with only
abiotic factors. Then, we added the presence, absence, and relative
abundance information on cattle and horses from the sign survey into
the model. We chose the model with the minimum AIC as the ﬁnal
model and calculated AUC, accuracy from 10-fold cross-validation, and
pseudo R2 to compare with the model with only abiotic factors. These
measurements could explain whether incorporating livestock
distribution improves the accuracy and explanatory power of where
pandas might be.

2.2.4. Quantify the giant panda habitat change
We compared the distribution of pandas before and after the introduction of large numbers of livestock to identify the lost habitats and
new expansions. We built a pre-livestock panda distribution model with
monitoring data from 1997 to 2004. To be comparable to the post-livestock model, we thinned the panda presences using a 300 m
threshold. Then, we randomly chose “absences” from the background.
This was set to be within the elevation range lower than 3200 m (the
upper limit for bamboos) and 300 m away from all the presences. We
used the same set of variables except for livestock interaction. We used
GPS collar data to further examine the correlation between panda habitat change and the presence of livestock. We screened the GPS collar
data to exclude duplicates, abnormal data points and imprecise data
(Frair et al., 2010). We calculated the percentage of GPS tracking data
in habitats lost and gained by panda.

2.2.2.2. Livestock distribution models. We ﬁrst built a Generalised Linear
Model (GLM) in the software R 3.3.1 for cattle and horse in winter and
summer respectively using the presence and absence data from the sign
surveys. According to the data exploration process and the
20
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Fig. 2. Impacts on bamboos. (A) Shows the percentage of the plot being grazed by livestock and (B) shows the percentage of leaves on a stem being grazed. Data were classiﬁed into four
categories for both measurements, 0–24%, 25–49%, 50–74% and 75–100%. The bar in each paragraph represents the percentage of plots falling into each of the four categories. For
example, about 20% of the plots with both cattle and horses had < 24% of their area grazed. (C) Height and diameter (D) of bamboos with and without grazing. The lines on the box
correspond to the 3rd quartile and 1st quartile and white bars are the mean. Whiskers drawn to the furthest point within 1.5 × IQR (3rd quartile minus 1st quartile) from the box.

3. Results

and especially horses heavily use the areas near the paved road in the
valleys. Cattle tended to move down to the valley only in winter. Fig. 3
reveals that most of the heavily used, year-round horse habitats and the
winter cattle range were also panda habitats. Horses prefer areas with
higher tree cover and use forests similarly to other vegetation types,
while cattle have a clear preference for grasslands and shrublands, and
ridges rather than valleys in the smaller watersheds. Steep slopes and
dependence on the areas close to trails in winter were more of the
limiting factors for horse distribution.
Because the river valleys are the most heavily used areas by livestock within potential panda habitats, we created a 300 m buﬀer for the
major rivers and 100 m buﬀer for secondary rivers. These valley areas
within the buﬀer accounted for 69% of the year-round habitats for
horse and 36% for cattle in potential panda habitat. When counting all
habitat types, > 62% of the valley areas were horse habitats and 57%
were cattle habitats.
Pandas show a great reduction in the use of heavily impacted areas
by livestock after we controlled for the survey bias. Table 2 shows a
striking 63% reduction in the number of pandas seen in the valleys —
297 before compared to 111 after the introduction of large numbers of
livestock. (In contrast, the reduction in signs of other species fell from
880 to just 782, i.e. 11%, showing that this decrease cannot be due
principally to changing sampling eﬀort (χ2 = 52.6, 1 df p < 0.01).
When only considering cattle habitats in valleys, the drop is 71%, signiﬁcantly higher compared to 11% for other species (χ2 = 50.1, 1 df,
p < 0.01). The similar reduction in use of horse habitats 65% reduction compared to 9% for other species (χ2 = 36.6, 1 df, p < 0.01).
In valleys, 25% of all species observations were pandas in the “pre-

3.1. Impacts on bamboos
Livestock heavily grazed bamboos and harmed their growth and
regeneration. In the sign survey, horses grazed more intensively than
cattle (Fig.2A–B) and used more of a plot area. Where present, most of
the bamboos had > 25–50% of their leaves grazed. Bamboos were
consumed more intensively when both horses and cattle were present.
The bamboo plots showed that grazing caused the mature culms to
be 28% shorter than those not grazed, and shoots 62% shorter and 52%
thinner in diameter than normal. With grazing, the bamboo shooting
rate was signiﬁcantly lower than the ones without it (4.2% vs. 18.9%, ttest, p < 0.0001). Some 42% of our plots with livestock grazing had no
shoots at all compared to only 3% without livestock. Meanwhile, the
livestock grazing signiﬁcantly reduced the average diameter of shoots
(t-test, p < 0.0001) and the height of the shoots (t-test, p < 0.0001)
(Fig. 2C). In addition, livestock grazing reduces the height of mature
culms (t-test, p < 0.0001) and the number of culms per clump (t-test,
p = 0.0338) (Fig. 2D). We found an average of 22.3% dead culms in the
heavily grazed areas while 1% in un-grazed areas.
3.2. Impacts of livestock grazing on panda habitat usage over time
3.2.1. Livestock distribution
Cattle and horses used habitats diﬀerently, and they changed from
summer to winter. Thus, we built two diﬀerent models for each season
for each species (see Supplementary materials). In both seasons, cattle
21
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Fig. 3. Cattle (left) and horse (right) distribution in summer and winter. The grey area in the map shows areas lower than 3200 m — the elevation constraint for bamboos.

livestock” period, while only 12% were in “post-livestock” period, a
50% reduction of panda observations (Table 2). Outside the valley,
there was a higher percentage of observations of pandas within livestock habitats. About 69% of increased use of horse habitats were
within summer horse habitats, which were mostly on ridges and 49% of
the increased use of cattle habitats were within the year-round habitats,
which were also on ridges.

Table 3
Panda distribution model with livestock interaction.

3.3. Importance of adding species interaction to the panda distribution
model
The best model for predicting panda presence without considering
livestock contained elevation, slope, distance to a river and to a paved
road, and tree cover. Pandas were predicted to be in higher tree cover
area, middle elevation, gentler slope, farther from paved roads and they
preferred valleys and ridges. Including the species interaction, horse,
cattle, or both, improved the model performance (Table 3). The absence
and presence of cattle and horse better predicted the absence and
presence of pandas than the abundance of each species. The explained
variance increased from 42.8% to 50.0%, AUC increased from 0.916 to
0.938 and accuracy from 90.7% to 91.6% for 10-fold cross-validation

Modela

AIC

TPI + distance to paved road + slope + distance to river + elevation
+ tree cover
~+Number of cattle
~+Number of horse
~+Cattle_10
~+Horse_10
~+Number of horse + number of cattle
~+Number of cattle + horse_10
~+Number of horse + cattle_10
~+Cattle_10 + horse_10

187.2

a

188.3
180.0
179.5
179.4
180.6
180.0
174.0
172.5

_10 indicates the presence/absence data.

after species interaction incorporated into the model.
3.4. Changes between current and previous panda habitats
Fig. 4 shows the diﬀerences in the habitats for “pre-livestock” and
“post-livestock” periods (see Supplementary for the model details). The

Table 2
Comparison between two periods of panda occurrences.
Valley

Panda
Panda
Other
Other

Pre-livestock
Post-livestock
Pre-livestock
Post-livestock

Outside valley

Sub-total

Cattle habitat

Horse habitat

Sub-total

Cattle habitat

Horse habitat

Total

111
297
782
880

55
191
531
599

59
167
620
678

353
362
421
569

194
175
269
347

138
85
165
242

464
659
1203
1449
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Fig. 4. Comparison between panda habitats before and after livestock number has increased, overlaid with GPS collar data from cattle (left) and horses (right). The red region indicates
the lost panda habitat after large number of livestock was introduced. The blue regions indicate the new expansion and pink indicates the unchanged habitat. (For interpretation of the
references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)

reduced area of giant panda habitat was about 33.0 km2, which was
mostly in low elevation and valley areas. The total area of the new
expansion was about 7.5 km2, which resulted in an estimate of 34% of
its original habitats being heavily degraded or even lost. These areas
were located closer to paved road than the expansion (804.9 ± 4.7 m
vs. 1995.8 ± 14.7 m; mean ± SE), closer to the river (209.0 ± 1.0
vs. 485.0 ± 3.1 m), closer to trails (267.9 ± 1.5 m vs.
771.2 ± 5.9 m), were at lower elevations (2815.6 ± 0.9 m vs.
3056.9 ± 0.8 m), gentler slopes (19.2 ± 0.1 degrees vs. 25.3 ± 0.1
degrees), and had lower tree cover (61.1 ± 0.0% vs. 57.5 ± 0.1%).
The GPS tracking data showed that 46% of horse locations were in
panda habitats (Fig. 4). Within these points, 87% were in the lost habitat areas, and 8.3% were in the unchanged panda habitats. For cattle,
56% of the recorded locations were in panda habitats, 80% of which
were in lost panda habitats, and 16.3% were in unchanged panda habitats.

et al., 2013), reduce available habitats, and result in a more fragmented
landscape.
Pandas prefer gentle slopes and were once widespread in the lower
valley areas throughout their distribution (Liu et al., 1999; Schaller,
1985). Elsewhere in panda habitat, human disturbance such as logging
and agriculture have driven pandas to higher elevation and steeper
slopes (Hull et al., 2014). In Wanglang, we found similar trends because
of livestock grazing. The lost panda habitat overlaps mostly with the
year-round habitats of livestock. Thus, the intensity and frequency of
livestock grazing have a direct impact on panda habitat use. We have
found no signiﬁcant diﬀerences in number of panda observations when
comparing watersheds with low livestock densities with high densities.
We speculated that within a watershed, most pandas may be driven up
to higher elevation instead of being driven out completely. So, the total
number of observations in diﬀerent livestock density areas may not
show a diﬀerence. The expansion of panda habitat is at higher elevations and on the edge of the bamboo distribution. These areas cannot
replace the lower habitats that establish habitat connectivity and provide the elevational range for seasonal migration. This elevational
movement is crucial to compensate for their low digestive eﬃciency
(Schaller, 1985). This seasonal migration tracks the phenology development in bamboos, such as availability of new shoots or tracks
bamboo species that provide greater nutrition (Schaller, 1985; Wang
et al., 2010). Livestock may also harm panda breeding. For one known
breeding site in Wanglang (Liu et al., 2005) where we predicted habitat
loss, there were fewer observations of pandas and scent marks during
the breeding season in the last few years than in the past (personal
communication with park manager Jiang Shiwei).
Our results show the needs and importance of incorporating species
interactions into endangered species distribution models. Species distribution modelling is widely used in conservation planning and management (Guisan and Thuiller, 2005). Most studies only consider the
relationship between a species and its abiotic environment excluding

4. Discussion
4.1. Free-ranging livestock and pandas in forests
Degraded bamboos, changes in habitat use for pandas after the introduction of livestock, and the overlap of livestock range and lost
panda habitats, are all observations that reinforce our hypothesis that
livestock grazing harms giant pandas.
Previously, researchers assumed that giant pandas had no major
competitors (Hull et al., 2014; Schaller, 1985; Wang et al., 2015; Zhang
et al., 2006). With the introduction and rapid increase in livestock that
is no longer true. Livestock grazing caused considerable damage of
bamboos and did so quickly. The degradation of bamboos reduces regeneration and leads to the death of bamboo forest that has been observed along the major valleys in Wanglang. The impacts from livestock
could further exacerbate the impacts from climate change (Tuanmu
23
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the available pastures per animal for livestock. With limited resources
and more severe weather events, local communities face a risky future.
Moreover, there is less available labour as young people seek more
proﬁtable jobs elsewhere. That said, local people treat their livestock as
important assets which they can turn into cash when needed for constructing houses, buying trucks, furnishing, unexpected events or passing assets to the next generation. With the increasing demand for meat,
this traditional, low-cost way of raising livestock will not die oﬀ by
itself.
A conservative intervention in Wanglang and surrounding panda
habitats might be to transform free-ranging livestock to feedlot operations, which could reduce the impacts on forest and the high death rate
of livestock. The more progressive intervention is to ban livestock with
a payment for ecosystem service project. If a ban of all the livestock at
the same time is not feasible, we suggest removing horses as the ﬁrst
step, followed by removing cattle as horses are more detrimental to
forests than cattle. These changes would require the collaboration of
diﬀerent government departments to eﬀectively implement the policy,
establish corresponding monitoring plan and law enforcement to ensure
the long-term success of habitat conservation for pandas. Otherwise, a
ban speciﬁcally for horses or cattle may cause the increase in other
types of livestock to compensate for the loss, as has occurred in Wolong
National Nature Reserve (Zhang et al., 2017). Our discussions with the
local community suggest that payments can come in one of two ways 1)
job opportunities in forest stewardship or tourism sector, 2) annual
subsidy. Both ways can use conditionality (cash or salary-based on
whether a household keeps its no livestock promise) to ensure the longterm success.
China has announced the establishment of a giant panda national
park, which covers all three provinces where wild pandas reside. The
total area is 27,134 km2, covering existing protected areas as well as
some areas to connect the fragmented panda habitats (GOCCCPC and
GOSCPRC, 2017). As the livestock density is even higher outside existing protected areas, solving the free-ranging livestock problem becomes crucial for the new era of panda conservation. With the rapid
development of ecotourism in panda habitats, the avoidance of valley
areas by pandas where most tourists stay and the loss of habitats will
surely damage the economic interests of the local communities in the
long run. Thus, apart from pursuing increasing forest cover, we encourage the local governments to implement related policies to control
livestock, provide economic incentives and carry out monitoring and
law enforcement to ensure the long-term success of panda conservation
and socio-economic development.

species interactions (Elith and Leathwick, 2009; Wisz et al., 2013). The
livestock-panda interaction provided additional explanatory power and
improved the model performance. The best model is constituted with
the presence and absence of both types of livestock instead of the
number of livestock. Thus, giant pandas may show lower tolerance of
the livestock disturbance than we expected. The existence of livestock
activities could be enough to change the preference of habitat use for
pandas no matter what the intensity is. The addition of species interaction into the panda distribution model also corrected the correlation
between the presence of pandas and other environmental factors.
Without adding livestock information, the post-livestock model showed
that pandas prefer valleys and ridge tops, which is true only if livestock
are absent. However, by including livestock, it showed that pandas
prefer upper slopes to ridge tops. This ﬁts our ﬁeld observation that
livestock occupy valleys and intensively use ridges to travel. Thus,
pandas are pushed to upper slopes. The GPS tracking data further validated these ideas: livestock occupy the resources and drive pandas
from their suitable habitats. As livestock are prevalent throughout the
panda's range, livestock may also shape the distribution at regional
scales (Araujo et al., 2008; Leathwick and Austin, 2001), which needs
further research.
4.2. Policy changes and pandas
The Natural Forest Conservation Project and Grain to Green
Program have been eﬀective in reducing soil erosion and increasing
forest cover in panda habitats. The success in reducing logging and
agriculture may have led to more livestock, however, which then
compromised the goals of protected areas and panda conservation.
Throughout the panda habitats, livestock has increased substantially
with the encouragement from the government especially after NFCP
and GTG to develop alternative livelihood, the assistance of the payment from GTG for returning the cropland to forests in this region, and
the labour freed up from logging and agriculture (Uchida et al., 2007).
An unpublished report from the Pingwu County Statistics (Jiang Shiwei,
personal communication) suggested that the logging ban caused an
85% loss of income in Baima Township, which drove shifts in local
livelihoods. Moreover, the unclear signal of removing livestock with
compensation from the Pingwu government also incurred a sudden
increase of livestock inside Wanglang. In our case, an Integrated Conservation and Development Project in the adjacent community to
Wanglang may have further encouraged rearing livestock, part of which
was to develop horse riding for eco-tourism. There was no assessment of
its likely long-term impacts. Some local households have changed the
main purpose of raising horses from tourism to meat production,
quickly enlarged the population and sold as beef to other cities. Later,
relocation because of hydropower development, a massive earthquake
in Sichuan and road construction cut oﬀ the income from tourism,
which further accelerated the growth of livestock for alternative income. The weak regulation and law enforcement over livestock grazing
inside state forests leave room for local communities to exploit forests
in other ways. Especially for the communities relocated due to dam
construction, the use of forest for livestock has become a major source
of income. Nine out of 12 households who have livestock inside Wanglang have relocated to this neighbouring residence area. Moreover, the
local government did not send a clear signal whether they planned to
remove the livestock inside the Wanglang with compensation. This may
encourage local people to get more livestock for potential compensation. Free-ranging livestock are not unique to Wanglang and its
neighbouring panda habitats, but common throughout China's forests
(Melick et al., 2007).
The future of this activity is unclear. The annual death rate of livestock was high (14.4% ± 18.6% from the 204 households we have
interviewed) because of overstocking in recent years and severe winter
storms. With the logging ban and ﬁre control, shrubs have taken up
some of the open areas in lower elevation. This change further reduces
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