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Abstract: Although the Chinese government and international organizations have spent

millions of dollars estimating the population size of giant pandas (Ailuropoda melanoleuca),

the outcomes of such surveys have been debated because the methods used had uncertain

ability to differentiate individuals. Our work in Wanglang Reserve was the first attempt at
using fecal microsatellite analysis to enumerate giant pandas (Zhan et al. 2006), and we

found the molecular enumeration for the reserve more than doubled that estimated in the

third National Survey. Recently, Garshelis et al. (2008) challenged our DNA estimate on the

grounds that our study lacked geographic closure and that genotyping errors confounded

our results. We challenge both assertions. First, we realize the violation of the assumption of

geographic closure is a common problem for noninvasive genetic capture–recapture studies;

therefore, we tried in our methodology to minimize geographic closure effects. We conclude

that immigration did not greatly affect our main conclusions because of a geographic barrier
circling the study area, the limited mobility of giant pandas, and the same sampling intensity

was applied to the whole study area. Second, internationally accepted standards were applied

to our molecular analysis and appropriate laboratory procedures were taken to produce

reliable genotypes. Although we did not report an estimate of genotyping error in our

previous work (Zhan et al. 2006), genotyping error rates have now been estimated, but are

still pending publication. Based on the Wanglang result, we raised the possibility that there

might be more giant pandas in the wild than previously thought. If our prediction is shown

to be correct, we do not believe the new estimate will serve to downgrade current endangered
status of the giant panda, because population numbers remain very low and panda habitats

are fragmented (even more so since the 2008 earthquake). For future conservation of giant

pandas, we suggest more attention should be paid to panda habitat conservation, including

habitat restoration at the landscape scale and scientific research on detailed population

processes.
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Accurate knowledge of the number of giant

pandas (Ailuropoda melanoleuca) and their distribu-

tion is critical for selecting effective conservation and

management strategies of natural populations, and

attracts great attention not only from scientists and

the public, but government and international con-

servation organizations. Much effort has been made

to enumerate wild populations of giant pandas,

including 3 national giant panda surveys, and

extensive human and financial resources have been
invested. However, it is difficult to accurately infer

the number of giant pandas in the wild; direct counts

are difficult because their habitat is topographically

complex and giant pandas are extremely wary.5weifw@ioz.ac.cn. Please cite as Zhan et al. 2009.
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In previous efforts to estimate giant panda

populations, a number of indirect methods have

been used, including a combination of sighting and

spoor counts, interviews with local people, and the

use of dogs and line transects (Hu et al. 1985, Feng

1991, Pan et al. 2001). Among these methods, the

most frequently used has been line transect analysis.

Between 1974 and 1977, the first National Survey in

China used line transect methods to enumerate all

giant pandas in China. Between 1985 and 1988, the

second National Survey adopted the same method

(to allow a direct comparison) but also used nest-site

densities for estimating panda population sizes.

During the third (most recent) National Survey of

2000–04, modified transect-lines were used to target

known and potential distribution areas. In this

survey, estimates were refined through measuring

fecal bamboo bite sizes for demographic inference,

combined with home range analysis (State Forestry

Administration 2006).

All earlier methods included some common

elements: investigators usually searched the distribu-

tion area, collected direct and, mainly, indirect signs,

identified panda individuals based on signs, and

finally counted the number. One limitation of using

these demanding methods has been the difficulty of

attributing sign to individual pandas (i.e., individual

identification), limiting the precision of estimates.

Previously, DNA fingerprinting has been applied

in an attempt to estimate the population size of giant

pandas (Fang et al. 1996). However, the complicated

experimental steps and large DNA demands of this

technique meant that the application of this method

for large-scale census in the field was limited.

Recently, however, microsatellite analysis of fecal

DNA has proven effective in estimating population

size of elusive animals, and successful studies have

been reported for bears (Kohn et al. 1999, Prugh et

al. 2005, Bellemain et al. 2005).

A large number of fecal samples can be obtained

from giant panda habitat with minimal disturbance

due to this species’ diet and high fecal deposition

rates (Hu et al. 1985), and we have established an

efficient protocol for extracting DNA from panda

feces (Zhang et al. 2006). We conducted a non-

invasive genetic survey of giant pandas in Wanglang

Nature Reserve, adopting 71 transect lines and a

‘zig-zag’ searching method for panda feces that

covered the landscape gully by gully and slope by

slope (Zhan et al. 2006). We found that non-invasive

microsatellite genotyping could be an efficient

method for individual identification of wild giant

pandas, and that the molecular census estimate for

the reserve was more than double that estimated in

the third National Survey.

After publication (Zhan et al. 2006), panda

ecologists agreed that non-invasive microsatellite

genotyping potentially presented an improved tool

for exploring demographic processes in the giant

panda and that our results suggested that the giant

panda might have a brighter future than recently

supposed if protection persists (Unger 2006, Rutti-

mann 2006, Zhao 2007, Guo 2007). Garshelis et al.

(2008) challenged our estimate due to a lack of

geographic closure in our study and genotyping

errors. We address both criticisms below.

Geographic closure
Violation of the assumption of geographic closure

is a common problem for noninvasive genetic

capture–recapture studies (Boulanger and McLellan

2001; also review of Lukacs and Burnham 2005). To

minimize this issue, when designing our analysis, we

focused on an area featuring as a high probability of

topographic closure as it was feasible to find; this is

the main reason we chose Wanglang and its region as

the study area. Our study areas were nearly circled

by the Jiuhuan Road (Fig. 1), where heavy traffic

and most importantly, unsuitable habitat and high

human density beside the highway made most parts

of the road impassable for pandas. Further, we

refute other criticisms of Garshelis et al. (2008) on

geographic closure as follows.

First, as we reported in Zhan et al. (2006), the

total number of pandas identified within the Jiuhuan

Road was 95. Based on GIS and ground survey data,

the habitat area for giant pandas within this area was

about 502 km2, including 197 km2 in Wanglang

(State Forestry Administration 2006), about 118

km2 in Wujiao, about 127 km2 in Huanglong, and

about 60 km2 in Baima Community. We found no

pandas in part of the Jiuzhaigou Reserve, and we

could only approximate occupied habitat in Wujiao,

Huanglong, and Baima since we lacked detailed

information on habitat within the Jiuhuan Road.

Considering the area (502 km2) and the number of

pandas (95) counted in our study area, the density of

the panda population within the Jiuhuan Road was

approximately 0.19 bears/km2, not 2–3 bears/km2, as

stated by Garshelis et al. (2008). We believe it is a

misinterpretation of our data to use only the core
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area of some animals to extrapolate the density of

the whole population.

In other range areas such as in Qinling Mountains,

the third National Survey estimated the panda density

of Foping Reserve to be 0.26 bears/km2 (State

Forestry Administration 2006). However, Pan et al.

(1988) found that the panda density could be as high

as 1.98 bears/km2 in an area of approximately 15 km2

within the QinlingMountains. Even immediately after

the flowering and die-off of bamboo, it has been

estimated that the panda habitat could support 0.6–

0.8 bears/km2 (Johnson et al. 1988). Moreover, the

panda density we estimate is relatively low compared

with populations of brown bears (Ursus arctos, e.g.,

from 0.191 bears/km2 for Alaska Peninsula, Black

Lake to 0.551 bears/km2 for Alaska Peninsula, Katmai

National Park) in North America (Miller et al. 1997).

Therefore, the bamboo forest in Wanglang Nature

Reserve is sufficient to support 66 giant pandas.

We explicitly dealt with the issue of ‘mating

congregations’ in Zhan et al. (2006). However, we

can re-emphasize here to make it clearer. It is in

practice extremely difficult for pandas to move

between Wanglang and Huanglong because of the

high mountains separating them, which are about

3,500–4,300 m high and consist of only bare rocks.We

found no panda sign in the region of Jiuzhaigou

Reserve adjacent to Wanglang. However, as stated in

the supplemental data of Zhan et al. 2006, because the

closed population assumptions are unrealistic for most

estimates using noninvasive genetic methods, we tried

to sample all the panda habitats within the Jiuhuan

Road with the same intensity (striped areas in Fig. 1),

and the total number of survey routes were 111. We

only found 5 migrants between Wujiao and Wang-

lang, and we excluded them in later analyses to

minimize the effect of immigration on the population

closure. We did not exclude the possibility of temporary

mating aggregations, but it has been reported that

movements were very limited in adult pandas within any

2-week interval (,1,400 m on average) according to

.10 years of telemetry data from the study by Pan et al.

(2001), in which some authors of the Garshelis et al.

(2008) critique were involved.

As to the home range of the giant panda, we

checked all the references in the critique (Schaller et

Fig. 1. GIS map of the study area, including Wanglang Reserve and surrounding areas, in China, which is
nearly separated from other giant panda habitats in Minshan Mountains by the Jiuhuan Road (JH) and
unsuitable associated habitat. We surveyed nearly all panda habitats (striped areas on the map) within the
Jiuhuan Road except for the area between Baima and Huanglong, where many people live. The number of
survey routes of each reserve is shown below its name.
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al. 1985, Schaller et al. 1989, Pan et al. 2001, Yong et

al. 2004) and found that the meaningful maximum

value was 28.9 km2 in Qinling, not the 60 km2

provided by the critique (60 km2 is the whole

movement range of a long-dispersed female juvenile,

which should not taken as true home range; Pan et

al. 2001). Hu et al. (1985) found that the maximum

home range in Wolong Nature Reserve, Sichuan,

was only 6.7 km2, and Pan et al. (2001) reported that

home ranges of .80% of pandas (n 5 56) were

,15 km2. Both distanced moved over a time or the

home ranges reported strongly indicate limited

mobility in the giant panda.

As for the sampling period, we collected panda

fecal samples in Wanglang from October–December

2003 and February–April 2004. We sampled Wujiao

in April, and Jiuzhaigou and Huanglong reserves in

August, 2004. Therefore it was not ‘‘nearly a year’’

of sampling in the Wanglang Nature Reserve.

Wild giant pandas often defecate along the perim-

eter of their resting sites (Schaller et al. 1985) or drop

feces as they walk. Thus our sampling strategy was to

pick up one scat per pile of droppings from an easily

recognized route for each individual within a 20 m

range. Considering the limited mobility and the

defecation habits of the giant panda, it was simply

unnecessary to sample large amounts of panda feces

(as suggested in the critique). Samples from 3.7 fecal

piles per genotyped individual is enough to accurately

estimate the population size of pandas in Wanglang,

because our data showed that the number of unique

genotypes identified was equal to the lower limit of the

population size simulated based on DNA-based

capture–recapture data in CAPWIRE (Miller et al.

2005). Another empirical study on the brown bear

indicated that ‘‘2.5–3 times the number of fecal

samples as the assumed number of bears’’ was

adequate sampling (Solberg et al. 2006). Additionally,

we sampled neighboring areas of Wanglang within the

Jiuhuan highway with the same sampling intensity,

gully by gully and slope by slope. Therefore, we believe

that our sample size outside Wanglang was adequate

to assess geographic closure.

Regarding the estimated 47 individuals in Wan-

glang from Garshelis et al. (2008), we have not seen

any official report of this estimate but make 4

comments. First, since we show that it is problematic

to use average bamboo stem length to differentiate

individuals, it does not seem sensible to estimate the

number of pandas in Wanglang using this method

again. Second, the figure of 47 in any case indicates

that there are many more giant pandas in Wanglang

than the previous estimate (27). Third, the survey

estimating 47 bears carried out by the correspon-

dents also depended on population closure because

they also used fecal samples to estimate population

size; this survey, to our knowledge, did not sample

the neighboring areas, which greatly violates the

assumption of geographic closure. Finally, because

the bite-size method was problematic in individual

identification (only efficient to differentiate age

groups of pandas; Schaller et al. 1985, Hu 1990), if

data from 2 years were combined and more feces

were used, more pandas could have been misidenti-

fied, leading to the evident increase in Fig. 3 of

Garshelis et al. (2008).

In summary, geographic closure violation is a

universal problem for estimating population size of

wild animals, and we should make every effort to

minimize its effect. In our paper, we expect that the

geographic closure violation should not affect our

main conclusions not only because the Jiuhuan Road

acts as a geographic barrier, but because the giant

panda is limited in mobility and because we sampled

the whole study area with the same intensity.

Genotyping error
We are very aware of the possibility of genotyping

errors during microsatellite amplification using fecal

DNA and realize it can bias population estimates

(see supplemental data, Zhan et al. 2006). Therefore,

in our study, several measures were taken to assure

reliable genotyping:

(1) We deliberately collected fresh feces.

(2) Unlike other bears, feces in giant pandas

consist only of bamboo stems and leaves

covered by a mucosal outer-layer. We peeled

off the outer layer for later use, which

enriches the sample for panda DNA.

(3) Mitochondrial species confirmation and

panda-specific sex-markers were used for

confirmation. (See supplemental data in

Zhan et al. 2006).

(4) Three additional loci were used for 10% of

the samples, and no extra unique genotypes

were produced.

(5) Most importantly, the internationally ac-

cepted multi-tube PCR protocol for micro-

satellite amplification (Taberlet et al. 1996)

was used to minimize genotyping errors.
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Although we did not report an estimate of

genotyping error in our previous work (Zhan

et al. 2006), we have since estimated the

genotyping error rates, which are pending

publication.

Another issue concerns the assertion of Garshelis

et al. (2008) that the presence of multiple heterozy-

gotes at the locus Ame-m19, which they stated as

having come to their attention as X-linked, was

proof of multiple genotyping errors in our data. This

assertion was obviously a concern for us, because we

produced 13 clear heterozygous genotypes (deter-

mined after 2–7 positive PCR repeats) at this locus

for individuals which our sex-linked marker indicat-

ed were males. Although David et al. (2006) stated

that Ame-m19 is X-linked, they conducted no formal

linkage test in their study to support this conclusion.

In our study, we sampled a truly wild population and

determined our genotypes according to strict multi-

tube criteria. Therefore, based on our data, we find it

unlikely that Ame-m19 is X-linked.

Population size and endangered status
of the giant panda

The population size of 2,500–3,000 that we

proposed assumes that ‘‘the Chinese government

now directly protects approximately 71% of wild

pandas through its current reserve system, which

when taken together with strictly enforced bans on

poaching and deforestation in giant panda habitat,

augurs well for giant panda conservation in the

medium term, provided such measures remain in

force’’ (Zhan et al. 2006:R452). Our estimation of

2,500–3,000 individuals was not a direct multiplier

(otherwise we would have used 66/27 x 1596 5

3901). We agree with Garshelis et al. (2008) that it

would be inappropriate to expect an identical

difference between population census and molecular

census throughout the range. Our point was that the

ecological constraints on censusing and the environ-

ment were not sufficiently different across the range

of this species to lead us to suppose that our results

would be aberrant. In addition, even according to

the third National Survey, the total number of

pandas in China would be about 2000, because the

survey methods did not include juveniles (,1.5 yr),

which could account for up to 23.7% of the total

population (Pan et al. 2001). The numbers we

proposed were therefore broad, based on the

Wanglang findings and, in comparison to a direct

multiplier, conservative. It is worth noting that the

most important result of our finding is the accuracy

of the methodology established which should be

applied for future panda surveys, and we noticed

that some researchers have already used a similar

method to identify panda individuals and study

genetic diversity of the giant panda (He et al. 2008).

Even though the population size of giant pandas

could be 2,500–3,000, this does not mean that the

panda’s conservation status is not extremely serious.

We do not believe that the government and

international community will lose interest in panda

protection as a consequence of our results. Indeed,

the increased chance of success may well spur further

activity, such as the recently announced panda

genome project. We also refute the assertion that

the new data will downgrade this flagship species

from its endangered status, mainly because the total

population numbers are still very low and the

habitats are fragmented.

On the contrary, after the publication of our

paper, the reaction of international community was

reasonable in that nearly all the main media sources

quoted our argument that ‘‘It doesn’t mean the

panda is out of the woods by any stretch of the

imagination but it gives us more time and makes a

difference.’’ It also emphasizes the positive feedback

of hard work led by the government, the NGOs and

the universities and scientists to protect and save that

charismatic species from extinction.

It was not our intention to compute either a

population trend or a correction factor by compar-

ing the DNA-based estimate with the estimate from

the National Survey, and we emphasized that the

different methods were the primary reason for the

gap between the surveys. Specific attention is

warranted for an accurate census of giant pandas

in Wanglang because this reserve has been used as a

model to study detailed population processes in this

species (Giant Panda Expedition of the Wanglang

Natural Reserve 1974, Pan et al. 2001, He et al.

2008). Most importantly, one of the main points in

our paper is that the bamboo stem fecal census

method is problematic in individual identification of

the giant panda in that we found that ‘‘giant pandas

often have overlapping home ranges and pandas of

different gender/age class combinations can produce

similar bite sizes…’’ and ‘‘….genotypes of samples

collected from the same location in our study came

from more than one individual and more than one
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sex on 35 and 18 occasions, respectively, casting

doubt on previous census data based on fecal bite-

size and home range analysis…’’ (Supplemental

Data of Zhan et al. 2006).

Conclusion
Although using noninvasive fecal DNA to census

giant pandas and study population processes is only

just starting, we feel it is a sensible approach, since

the method provides an accurate alternative where

classic macro-ecological methods have proven limit-
ed for understanding giant panda population de-

mography. Given all the above, we would contend

that most of the points in Garshelis et al.’s criticisms

seems to be derived from a misunderstanding of our

methods and conclusions. For the future conserva-

tion of the giant panda, it is better to use all

pertinent knowledge rather than be daunted by

technological or management difficulties. The fol-
lowing suggestions are based on our recent papers

and nearly 20 years’ experience studying the giant

panda.

(1) Include both non-invasive genetic and bam-
boo stem methods if starting a new National

Survey since, as we stated in our paper, ‘‘The

methods used in the 3rd Survey are therefore

probably more suitable for approximate

estimation over large-scale areas, but lack

the precision of an intensive molecular

approach’’ (Zhan et al. 2006: R452).

(2) Considering that ‘‘the population of the giant
panda is a little bit increasing’’ (State

Forestry Department 2006:248), at least

having potential for growth (Pan et al. 2001,

Guo et al. 2002), it is now time to discuss how

to restore panda habitat in a landscape

context: for example, reconnecting fragment-

ed populations, and applying updated tech-

nology such as molecular tools to study the
population processes of the giant panda (such

as dispersal of the giant panda) to provide

more accurate information for naturally

managing the population.
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