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As both a flagship and umbrella species, the giant panda 
(Ailuropoda melanoleuca) is one of the most heavily invested 
species in conservation. Here, we report the wide distribu-
tion range retreat of the leopard (Panthera pardus, 81% loss), 
snow leopard (P. uncia, 38%), wolf (Canis lupus, 77%) and 
dhole (Cuon alpinus, 95%) from protected areas in the giant 
panda distribution range since the 1960s. The present find-
ings indicate the insufficiency of giant panda conservation 
for protecting these large carnivore species and suggest that 
future conservation efforts should target restoring ecosys-
tems with high trophic complexity to facilitate the recovery of 
large carnivore populations.

The giant panda (Ailuropoda melanoleuca) is possibly the world’s 
most recognized flagship species and has garnered substantial 
socio-political support for its conservation. It is also deemed an 
effective umbrella species whose distribution range largely overlaps 
with those of many other endemic terrestrial vertebrates in China1. 
Since the establishment of the first giant panda reserve in the early 
1960s, the Chinese government, with the support of the interna-
tional conservation community, has invested enormously in giant 
panda conservation2. As a direct result of these efforts, the status of 
giant pandas on the IUCN’s Red List changed from Endangered to 
Vulnerable in 2016 (ref. 2). This success provides hope for protec-
tion from the negative trends in biodiversity and ecosystem integ-
rity that are common worldwide3.

To examine how the success of giant panda conservation has 
impacted sympatric species, we examined the status and distribu-
tional changes of four extant large carnivores (leopard, Panthera 
pardus; snow leopard, P. uncia; wolf, Canis lupus; and dhole, Cuon 
alpinus) in 73 protected areas (PAs) across the giant panda distri-
bution range (Supplementary Data 1 and Extended Data Fig. 1). 
We determined the current presence/absence of the four species in 
each PA on the basis of extensive camera trap surveys conducted 
from 2008 to 2018. Each species’ historical status was determined 
from baseline survey reports of the studied PAs, with records of the 
four species dating back to the 1950s–1970s (Methods). Overall, 
our results revealed a wide retreat of the four carnivore species, and 
possibly the functional extinction of wolf and dhole within the giant 
panda distribution range. These findings warn against the heavy 
reliance on a single-species conservation policy for biodiversity 
conservation in the region.

Historically, three of our four focal species were common across 
the giant panda PAs (leopards occupied 93% of the PAs, wolves 58% 

and dholes 93%); the snow leopard was less common (14% of the 
PAs; 58 baseline survey reports). For the current status of these spe-
cies, we examined camera trap data from about 7,830 survey sta-
tions with a total survey effort of 1,690,000 camera-days across all 
PAs. However, this large effort resulted in only 4 detections of dhole, 
11 of wolf, 45 of leopard and 309 of snow leopard. An analysis of 
the historical records of each PA revealed that none of the four spe-
cies colonized a PA not historically occupied. Furthermore, sharp 
declines in the distribution ranges of all species were detected: leop-
ards disappeared from 34 of the 42 PAs that they historically inhab-
ited (representing an 81% loss), snow leopards from 3 of 8 PAs (38% 
loss), wolves from 20 of 26 PAs (77% loss) and dholes from 41 of 43 
PAs (95% loss). Besides several detections of wolves in the north-
western part of the giant panda distribution range, all other detec-
tions of the four species were in two regional PA networks (that 
is, an area of 2,378 km2 encompassing 11 reserves in the Qinling 
Mountains and an area of 5,658 km2 encompassing 7 reserves in 
the Qionglai Mountains; Supplementary Data 2). Wolong National 
Nature Reserve (2,000 km2) was the only reserve still hosting all  
four species.

The studied PAs extended from north to south across five moun-
tain ranges: Qinling, Minshan, Qionglai, Xiangling and Liangshan. 
The four species have been functionally extirpated from the two 
southern mountain ranges (that is, Xiangling and Liangshan), 
where they historically occurred (Figs. 1 and 2). Moreover, the spe-
cies detection rates in the three northern mountain ranges were 
extremely low (that is, leopard and dhole in Qionglai and wolf in 
Minshan and Qionglai), suggesting that they no longer fulfil their 
ecological roles as apex predators in those ranges (Supplementary 
Data 2). The detection rate of leopard in the Qinling Mountains was 
higher than that in the Qionglai Mountains, but much lower than 
those reported for viable populations outside the giant panda dis-
tribution range in China (Supplementary Data 2). The least decline 
in distribution was found for the snow leopard, although it had the 
smallest original distribution among the four carnivore species in 
the examined PAs. Their resilience could be due to the protection 
provided by the tolerant culture of Tibetan Buddhists4 and the low 
human density in their alpine ecosystem.

Overall, our results demonstrate a broad retreat of leopard, snow 
leopard, wolf and dhole populations from large parts of their his-
torical ranges where recent major conservation efforts have led to 
the restoration and substantial increase of giant panda populations. 
A fifth apex carnivore, the tiger (P. tigris), was already extirpated 
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from the region, with the last confirmed individual killed in Qinling 
in 1964 (ref. 5). According to interviews with the local villagers and 
PA staff, most of the declines of the four carnivore species occurred 
during the 1990s. Leopard and dhole remained common until the 
late 1980s to early 1990s6,7 before they experienced abrupt popu-
lation declines. Potential factors in the declines of these species 
include habitat loss by commercial logging, direct poaching of both 
the carnivores and their ungulate prey8, and possible infection and 
spread of contagious diseases via domestic animals9. Regardless of 
the causes of the declines, these carnivore populations have evi-
dently disappeared from many of their historical ranges.

A series of conservation policies initiated since the late 1980s, such 
as the Wildlife Protection Law (1989), the National Conservation 
Project for the Giant Panda and Its Habitat (1992) and the Natural 
Forest Protection Program (1998), helped restore the giant panda 
population but have not resulted in maintaining populations of large 
carnivores throughout most of the giant panda distribution range. 
These different outcomes might result from these species’ different 

habitat needs. Giant pandas occupy relatively small home ranges 
(5–13 km2)10 compared with the four carnivores examined here 
(with home ranges that may exceed 100 km2)8,11. The current mean 
patch size of the giant panda’s habitat12 across its distribution range 
is approximately 400 km2, which is close to the mean size of the PAs 
(425 km2; Supplementary Data 1). The exceptions are the two large 
PA networks in the Qinling and Qionglai Mountains, which con-
tain the few remaining individuals/populations of the four carni-
vores. Furthermore, large carnivores rely on abundant prey and are 
strongly affected by human–wildlife conflicts; both factors histori-
cally put them under more severe hunting pressure than the giant 
panda13. The mean detection rate of wild ungulates in the PAs of 
the two southern mountain ranges without large carnivores (that is, 
Liangshan and Xiangling; mean, 30.29; n = 4 PAs) was much lower 
than that in the three northern mountain ranges with large carni-
vores (mean, 129.80; n = 18 PAs). These different habitat require-
ments and threats have prevented the giant panda from being an 
effective umbrella species for the protection of large carnivores, sug-
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Fig. 1 | Status of the four large carnivore species across the Pas in the giant panda distribution range, china. a, Leopard (n = 58 PAs). b, Snow leopard 
(n = 47 PAs). c, Wolf (n = 54 PAs). d, Dhole (n = 56 PAs). Mountain ranges: QL, Qinling; MS, Minshan; QLS, Qionglai; XL, Xiangling; LS, Liangshan. 
Occurrence status: ‘present’ indicates that the species historically occupied the PA and was also detected in contemporary camera trap surveys; ‘absent’ 
indicates that the species was historically absent and not detected by cameras with sufficient sampling efforts; ‘lost’ indicates that the species historically 
occupied the PA but was not detected by cameras following sufficient sampling efforts; and ‘unknown’ indicates that the species historically occupied 
the PA, but the current status was unknown due to insufficient sampling efforts. The PAs that a species did not historically occupy and that did not have 
sufficient sampling efforts are not shown in the maps.
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gesting that specific planning is needed to conserve the large carni-
vore species. One possible conservation strategy for incorporating 
the large carnivores into the current conservation plan is to adopt a 
multispecies umbrella approach14,15, which includes large carnivore 
species, to broaden the width of the umbrella to better represent the 
conservation needs of co-occurring species.

The distribution range retreat of the four large carnivore spe-
cies in our study was consistent with the global decline in terrestrial 
mammals during the Anthropocene16. Terrestrial mammals have 
lost at least 30% of their geographical ranges17. Large carnivores are 
in a particularly extreme situation, with 40% of species (10 of 25 
species) experiencing range retractions that exceed 75% (ref. 13). 
Three of the large carnivore species examined here showed distribu-
tion range contractions >77% at the PA level since the 1960s. This 
percentage might be overestimated due to the detection limits of the 
camera traps. However, our extreme sampling efforts make us con-
fident that these large carnivores have become functionally extinct 
in the PAs where they were not detected. A sensitivity analysis with 
increasing thresholds for sampling effort up to 15,000 camera-days 
per PA showed the same results of wide distribution range retreat 
for all four large carnivores (Supplementary Data 3).

China has recently launched an ambitious program to establish 
a national park system that integrates current PAs to resolve the 
problem of fragmented management18. The Giant Panda National 
Park pilot site covers 27,134 km2 across the four northern mountain 
ranges included in the current study12 (Extended Data Fig. 2). This 
park provides a unique opportunity to coordinate strategies and 
polices at a regional scale that will reflect the scale needed to sus-
tain large carnivore populations. Although it is named after a single 
species, the fundamental aim of the Giant Panda National Park is 
to protect the integrity of natural ecosystems. On the basis of our 
results and the key role that large carnivores play in ecosystems19, 

we stress the importance of restoring large carnivore populations 
and suggest using intact predator guilds as an indicator of ecosys-
tem integrity.

The recovery of apex carnivores in the giant panda distribu-
tion range in China represents a long-term goal that might require 
decades for fulfilment. The first step is an integrated plan, empha-
sizing issues unique to each mountain range. Habitat restoration 
and enforcement against poaching are required in the southern 
mountains to re-establish a viable prey base. For the northern 
mountains, the priority is to increase the connectivity among habi-
tat patches to meet the habitat requirements of the large carnivores 
and to facilitate dispersal within and from outside the giant panda 
distribution range. Livestock numbers must be limited inside all 
reserves, with a preference for native ungulate species, to mitigate 
the human–wildlife conflicts that derive from livestock predation 
by large carnivores. Humans can coexist with large carnivores if 
interactions are well managed, as shown in other continents20–22. We 
are optimistic that large carnivores could return to the region, once 
targeted actions are taken to support the aims of the Giant Panda 
National Park. In concordance with the United Nations Decade 
on Ecosystem Restoration, 2021–2030, restoring large carnivore 
populations and trophic complexity in giant panda habitats23 will 
increase the resilience and sustainability of the ecosystems not only 
for giant pandas but also for other wild species.

Methods
Our study was conducted in 73 PAs within the giant panda distribution range, 
including 66 officially recognized giant panda nature reserves24 plus 2 additional 
reserves (that is, Laohegou and Miyaluo) and 5 PAs of other types (three managed 
forests (Kuanba, Huangyang and Huangtuliang) and two community-managed 
PAs (Xinyigou and Guanba); Supplementary Data 1). The selected PAs primarily 
span five mountain ranges (Qinling, Minshan, Qionglai, Xiangling and Liangshan) 
extending from central to southwestern China. We excluded the Gonggashan 
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Fig. 2 | Numbers of Pas where the four large carnivore species still exist and where they have disappeared across the five mountain ranges in the giant 
panda distribution range, china. Top left, leopard; top right, snow leopard; bottom left, wolf; bottom right, dhole. The black bars indicate PAs where the 
species still exist, and the grey bars indicate PAs where they have disappeared.
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reserve located in the Daxueshan Mountains because it currently harbours no giant 
pandas, although the recording of one panda during the Third National Giant 
Panda Survey resulted in its being officially recognized as a giant panda reserve24.

We compiled information regarding four large carnivores (leopard, snow 
leopard, wolf and dhole) and determined their current status (that is, presence/
absence) using camera trap surveys conducted in the PAs from 2008 to 2018. 
Camera trap surveys were employed in giant panda PAs in the earlier 2000s and 
have been widely used in these PAs since 2008 (refs. 25,26), and they are the primary 
source of solid occurrence data for large carnivores27. We combined camera trap 
data collected during the ten-year period to determine the current status of the 
study species given their low detection rates and the inconsistency of the times 
when the surveys were conducted among the different PAs.

We obtained the data from three sources: (1) camera trap surveys conducted 
by the authors (n = 18 PAs), (2) peer-reviewed articles searched online by using 
‘camera-trap AND giant panda’ in both Chinese and English to obtain data on 
camera trap surveys and species recorded in any of the studied PAs (n = 24 PAs; 
see Supplementary Data 4 for the full reference list), and (3) a questionnaire 
survey conducted to collect information on camera trap survey efforts and species 
detected in the studied PAs in 2018 (n = 64 PAs; see Supplementary Data 5 for the 
questionnaire content). The data obtained from multiple sources for each PA were 
combined, and the survey effort was determined as the maximum survey effort 
reported.

We obtained detailed information on camera trap surveys for 60 of the 73 PAs. 
In the remaining 13 PAs, camera trap surveys were not conducted (n = 5), or no 
data were available (n = 8). The sizes of the 60 PAs varied from 35 to 2,000 km2, 
with a mean size of 409 km2. The survey efforts within each PA varied from 
~1,500 to 305,140 camera-days (mean, ~28,000), and the number of camera trap 
stations varied from 2 to 836 (mean, ~131). The total survey effort was ~1,690,000 
camera-days conducted at ~7,830 survey stations. For comparison, this effort is 
equivalent to 5% of the global effort reported by Steenweg et al.28

We determined the presence of each study species when an image of the species 
was captured by the camera. We defined absence within a PA when the camera 
trap survey in the PA met the following criteria without detecting the species: (1) 
a survey effort of >5,000 camera-days, (2) a survey period of ≥3 years, and (3) 
survey coverage of the PA’s major vegetation types. The survey efforts of 52 PAs 
met these criteria, with a mean survey effort of about 32,245 camera-days per PA 
(Supplementary Data 1). When the study species was not detected by the cameras 
in any of the 52 PAs, we concluded that the species was functionally absent from 
the region. Because the detection of species by camera traps is imperfect, there is a 
probability >0 of not detecting the large carnivores in a PA when they were present 
even with our effort criteria. However, the threshold we set for the sampling effort 
in a PA (>5,000 camera-days) was much higher than that for conventional camera 
trap studies on large carnivores (for example, Table 1 in Carbone et al.29) as well as 
that for standard camera trap surveys30.

We grouped consecutive images taken by the cameras of the same species at 
the same location within 30 minutes as one detection of the species31. Detection 
rate was defined as the number of detections per 1,000 camera-days. We calculated 
the detection rate for each of the study species by PA and by PA network 
(Supplementary Data 2). We considered sympatric wild ungulate species (order 
Artiodactyla) as the major prey of the large carnivores and calculated detection 
rates for all wild ungulate species in each PA where detailed camera trap data were 
available (n = 22).

The historical status of the four large carnivores was determined on the basis of 
the baseline survey reports of the surveyed PAs (n = 58). The baseline survey report 
is officially required for a nature reserve in China after its establishment. It is the 
most comprehensive documentation of the reserve’s natural resources and is often 
written by a research institute commissioned by the PA. A list of species in different 
groups (for example, plants, mammals, birds, amphibians, reptiles and fishes) 
was compiled in the report on the basis of data collected in the PA (for example, 
through specimen collection, transect surveys and interviews with local villagers) 
and secondary data (for example, museum and literature records). The secondary 
data included in the baseline reports typically dated back to the 1950s–1970s (here 
termed the 1960s), when systematic wildlife investigations were conducted after the 
establishment of the People’s Republic of China32,33. When a large carnivore species 
was listed in such a report, we considered it to be historically present in a PA.

We compared the baseline survey report and the camera trap survey data to 
assess changes in the distribution ranges (indicated by the presence/absence of 
the species at the PA level) of the four species since the 1960s. Among the 52 PAs 
with sufficient survey efforts to determine the absence of the four large carnivore 
species, 47 also had baseline survey reports. For each PA, we defined the large 
carnivore species as ‘present’ when it was both historically and currently present; 
‘unknown’ when it was historically present, but we were unable to determine its 
current status due to insufficient sampling efforts; ‘absent’ when it was historically 
absent and not detected by cameras with sufficient sampling efforts; and ‘lost’ when 
it was historically present but not detected by cameras with sufficient sampling 
efforts (Fig. 1).

Reporting Summary. Further information on research design is available in the 
Nature Research Reporting Summary linked to this article.

Data availability
Detailed information on the survey effort and the occurrence of large carnivore 
species in the 73 studied PAs is available in Supplementary Data 1, which represents 
all the data needed to reproduce the analysis.
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Extended Data Fig. 1 | the studied protected areas in the giant panda range, china. Marked numbers referring to the protected area ID in Extended Data 
Table 1. Boundaries were not available for the three managed forests (Kuanba, Huangyang and Huangtuliang) and two community-managed protected 
areas (Xinyigou and Guanba).
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Reporting Summary
Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 
in reporting. For further information on Nature Research policies, see Authors & Referees and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection No software was used.

Data analysis No software was used.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers. 
We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A list of figures that have associated raw data 
- A description of any restrictions on data availability

Detailed information on survey effort and the occurrence of the four large carnivore species in each studied protected area is available in the Extended Data Table 
1.
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Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description We collected the information of camera-trap surveys (e.g., survey efforts and species detected) conducted during 2008 to 2018 in 73 
protected areas within the giant panda range to determine the current status (i.e., presence/absence) of the four large carnivore 
species (i.e., leopard Panthera pardus, snow leopard P. uncia wolf Canis lupus and dhole Cuon alpinus), and examined the 
distributional change of the four species at the protected area level since ca. 1960s.

Research sample We sampled protected areas within the giant panda range. We treated one protected area as one sampling unit because both 
historical information of the study species was compiled and camera-trap survey was organized within individual protected area.

Sampling strategy The 73 protected areas sampled included 66 officially recognized giant panda reserves, 2 additional reserves, and 5 protected areas 
of other type (3 managed forests and 2 community-managed PAs). The sample size is sufficient because we included all the reserves 
designated for the conservation of giant panda  (n=66) except for the Gongga reserve where currently no giant pandas occur as well 
as other protected areas with giant pandas (n=7).

Data collection The data of camera-trap surveys were collected from three sources: (1) camera-trap surveys conducted by the authors (n = 18 PAs, 
by S.L., D.W., W.J.M., and X.S), (2) peer-reviewed articles searched on line by using “camera-trap AND giant panda” in both Chinese 
and English that report the camera-trap survey and species recorded in any of the studied PAs (n=24 PAs, by S.L. and X. S), and (3) 
questionnaire survey conducted to collect information of camera-trap survey efforts and survey results (e.g., survey history and 
species detected) in each PA in 2018 (n=64 PAs) by S.L., X.G., and X.Z.

Timing and spatial scale We collected the camera-trap survey data in late 2018 and early 2019. We used results of the surveys conducted within any of the 73 
protected areas from 2008 to 2018 to examine the current status of the study species within the giant panda range.

Data exclusions We determined the “Presence” of each study species when an image of the species was captured by cameras so no present data 
were excluded. We defined “Absence” within a PA when the camera-trap survey in the PA met all the following criteria but did not 
detect the species: (1) a survey effort > 5,000 camera-days, (2) a survey period ≥3 years, and (3) the survey covers PA’s major 
vegetation types. This excluded some protected areas with insufficient survey efforts when determining the absence of the study 
species in the PAs. As the result, 52 PAs met these criteria with a mean survey effort of about 32,245 camera-days per PA. 

Reproducibility Our results were built on the information we collected following a standardized procedure, and we think it is reproducible.

Randomization  This is not relevant to our study because we did not include covariates for data analysis.

Blinding This is not relevant to our study because we did not do any experimental study.

Did the study involve field work? Yes No

Field work, collection and transport
Field conditions The camera traps were primarily set up along game trails in the forest and on the alpine meadow in the surveyed protected 

areas. These cameras worked 24 hrs per day to capture the images of wildlife passing by in front of them. We conducted the 
field survey in 18 PAs, and the rest were reported from literatures and/or questionnaire surveys. All the surveys followed similar 
protocols. For example, the survey duration at one station was usually > 30 days or about 90 days; a grid of 1 x 1 km cells was 
usually adopted for sampling design; and the cameras were located on animal trails with a minimum distance between cameras 
(e.g., 300 m) in adjacent cells. The authors (S.L., D.W., W.J.M and X.G.) have been working on camera-trapping in the panda 
reserves since 2002 and established the survey protocols and provided many camera-trap training courses for the reserve staffs 
since then.

Location The authors conducted camera-trap surveys with the support of reserve staff in 18 reserves, and the reserve staff collected data 
for the rest protected areas. Details of the study sites are given in Extended Data Table 1.

Access and import/export All field work were conducted by local staffs of the protected areas so no special permit was required for the surveys.

Disturbance Camera-trapping is considered a non-invasive approach in wildlife field surveys and causes little disturbance to the animals.

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology

Animals and other organisms

Human research participants

Clinical data

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging
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