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Abstract: Giant pandas (Ailuropoda melanoleuca) use
chemical cues to determine identity, gender, and sex-
ual receptivity of conspecifics. We hypothesized that
volatile chemical profiles of free-ranging giant pan-
das are detectable in air. Therefore, we aimed to iden-
tify volatile compounds produced by free-ranging gi-
ant pandas residing in the Wolong Nature Reserve
(Sichuan, China) through field air analysis/solid phase
microextraction/gas chromatography–mass spectrometry
(FAA/SPME/GCMS). From 28 June to 12 July 2017, 3
SPME fibers were secured to trees that appeared to have
previous marking activity. Trail cameras confirmed that a
single giant panda performed scent-marking behavior at
one sampling location. The abundance of 7 compounds
were elevated in samples collected from the tree vis-
ited by the giant panda compared with controls. Three of
these compounds (Ethane, 1,1-dinitro-; Octane, 4-ethyl-;
2(1H)-Pyridinethione, 3-ethoxy-6-methyl-) were unique
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to the giant panda visit. Novel methods to detect giant
pandas would benefit conservation efforts. We suggest
our method also may be used to study chemical commu-
nication in other bear species.
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The giant panda (Ailuropoda melanoleuca) is a mono-
estrous, solitary species (Schaller et al. 1985) that has
become secluded and isolated on the high ridge tops of
China surrounded by historical logging and farming sites,
leaving little probability for genetic mixing (Wildt et al.
2006). This species relies on specific volatile compounds
to communicate information related to sex and age (Yuan
et al. 2004, Liu et al. 2013), individuality (Hagey and
Macdonald 2003, Zhang et al. 2008), and reproduction
(Dehnhard et al. 2005, Liu et al. 2013). Furthermore,
olfactory communication plays an important role in the
communication of estrus status, advertising fertility, ini-
tiating sexual motivation (Swaisgood et al. 2002, 2000),
and identifying reproductive maturity (White et al. 2003,
Tian et al. 2007). Male giant pandas are thought to track
potential mates via chemical cues in anogenital gland se-
cretions and urine to identify females at peak sexual re-
ceptivity (Schaller et al. 1985).

Although giant pandas were recently downlisted to
vulnerable status due to an overall increase in popula-
tion size (Swaisgood et al. 2016), the population still
remains small (1,864 individuals). Range contraction
from anthropogenic landscape transformation and habi-
tat loss has led to moderate levels of inbreeding in this
species (Hu et al. 2017) and genetic differences of iso-
lated groups across populations (Zhu et al. 2011). There-
fore, we suggest that novel methodology to better un-
derstand the chemical cues giant pandas use for com-
munication may contribute to future conservation and
management plans aimed at facilitating movement across
populations.

Such novel techniques to detect free-ranging giant
pandas include the use of solid phase microextraction
(SPME) fibers to collect volatile compounds produced
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by individuals. Developed in 1990, SPME was initially
used for detecting pollutants in water samples (Zhang
and Pawliszyn 1993), but has expanded to the collec-
tion of volatiles using field air analysis (FAA)/SPME.
Combined with gas chromatography/mass spectrometry
(GCMS), this technique has recently been used to identify
plant emissions (Raveane et al. 2013), insect pheromones
(Brown et al. 2006), and volatile compounds from giant
pandas in captivity (Wilson et al. 2018).

The aim of this study was to detect free-ranging gi-
ant pandas by collecting volatile biogenic compounds
in the environment. The FAA/SPME/GCMS technique
was developed with captive giant pandas in our previ-
ous study (Wilson et al. 2018). Here, we describe how
this technique was used to collect volatile compounds
at trees visited by masked palm civet (Paguma larvata),
Asian badger (Meles leucurus), and giant panda. To our
knowledge, this is the first study to use this technique to
identify volatile compounds produced by free-ranging gi-
ant pandas. The FAA/SPME method provides an innova-
tive 360° collection of information from the environment,
thus ensuring detection of present individuals that may
be missed by trail cameras. With low population num-
bers of giant pandas in the wild spread across fragmented
habitats, a novel technique to improve detection of giant
pandas may provide a new method for tracking giant pan-
das and identifying individuals by their unique volatile
profile.

Study area
We conducted FAA/SPME in the Wolong Giant Panda

Nature Reserve in Sichuan, China, from 28 June to 12
July 2017. The study area was specifically located in the
Hetaoping area of the reserve, which is approximately 40
km2 in size with elevations ranging from 1,800 to 3,100 m
(Hull et al. 2016). Sampling occurred during the wet sea-
son (May–Sep) with daytime temperatures ranging from
22° to 29°C and a mixture of sunny and overcast days.
Mixed deciduous and coniferous forests and subalpine
coniferous forests that include tree species such as Chi-
nese walnut (Juglans mandshurica), bristlecone hemlock
(Nothotsuga longibracteata), mono maple (Acer pictum
mono), and spruce (Picea asperata) make up the major-
ity of the vegetative community. The understory consists
of various bamboo species, including arrow (Pseudosasa
japonica), umbrella (Fargesia robusta), and Yushan
(Yushania bravipaniculata) bamboo (Hull et al. 2016).
In addition to other large mammals, including sambar
(Rusa unicolor), serow (Capricornis milneedwardsii),
and tufted deer (Elaphodus cephalophus; Schaller et al.

1985), genetic testing of DNA from wild giant pandas in
the Wolong Nature Reserve indicates that there are ap-
proximately 22 giant pandas in this area (Huang et al.
2015).

Methods
Sampling site selection

Field guides identified recent signs of giant pandas as
<1-week-old feces, scratch marks on trees, and signs of
urination and secretion deposition on trees. Using these
criteria, we selected as sampling locations 10 trees located
on hilltops ranging from 2,600 to 2,900 m in elevation
in the Hetaoping area of the reserve (Fig. 1). We chose
as sampling locations trees that showed direct signs of
marking and/or had <1-week-old feces at the base of the
tree or within 10 m of the tree.

Field air analysis/solid phase microextrac-
tion/gas chromatography–mass spectrometry
sampling procedure

We extracted environmental volatile compounds us-
ing a SPME fiber with a carboxen/polydimethylsiloxane
(CAR/PDMS) coating with an 85-µm film thickness
(Supelco, Bellefonte, Pennsylvania, USA; Wilson et al.
2018). We secured 3 SPME fibers to each tree with garden
wire approximately 1 m above ground. We placed plastic
bowls over the SPME fiber to prevent potential rain dam-
age. Fibers were exposed to the environment for 48 hours
and were replaced for 2 sampling periods; therefore, each
tree was sampled for 96 hours total with 2 sets of 3 fibers.
We placed trail cameras at each sampling site to con-
firm the presence of giant pandas and other species. After
removal, we secured SPME fibers in labeled, individual
glass tubes with caps and immediately placed them into
cool storage. We stored all fibers at 4°C prior to transfer
to the United States. We transported fibers to Mississippi
State University (USA) in a cooler with ice packs and car-
ried them on a commercial flight (approx. 22 hr of travel
time) to prevent potential degradation or damage of the
odors during shipment. Upon arrival, we stored fibers at
4°C until analysis.

Identification of volatile compounds
We analyzed the extracted volatile components ad-

sorbed onto the fiber by using an Agilent 7890B gas chro-
matograph (GC; Agilent Technologies, Santa Clara, Cal-
ifornia, USA) coupled with an Agilent 5977A mass spec-
trometer detector modified from Dehnhard et al. (2005).
We analyzed control samples from each sampling area
(no animal activity recorded by trail camera) and samples
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Fig. 1. Ten trees in the Hetaoping area of the Wolong Giant Panda Nature Reserve (Sichuan, China) used to
sample volatile compounds produced by free-ranging giant pandas (Ailuropoda melanoleuca) from 28 June
to 12 July 2017. Samples were collected using field air analysis/solid phase microextraction and volatile com-
pounds identified by gas chromatography–mass spectrometry.

containing animal activity for volatile compounds. We
integrated chromatographic peaks and tentatively identi-
fied them using Agilent MassHunter Qualitative Analysis
(for GC–MS) Workstation Software (Agilent Technolo-
gies) in conjunction with the Wiley Registry 10th Edi-
tion/NIST 2012 Mass Spectral Library (Wiley, Hoboken,
New Jersey, USA).

Statistical analysis
To test the hypothesis that free-ranging giant pandas

have unique volatile chemical profiles detectable in air,
we compared the intensity values of the identified com-
pounds collected from each condition containing animal

activity with the intensity values of control samples us-
ing Agilent Mass Profiler Professional Software (Agi-
lent Technologies). We considered SPME fibers secured
at each sampling site as replicates. We defined condi-
tions as the identification of the animal that was captured
on the trail camera visiting the tree site (Asian badger,
masked palm civet, giant panda, and control). Two sam-
ples from one control tree contained a greater number of
compounds than ±2 standard deviations from the mean
number of compounds across all samples, and we there-
fore considered them outliers and removed them from
data analysis. Compounds used for statistical analysis
occurred in �1 sample and 100% of the samples in any

Ursus 29(2):75–81 (2019)



78 SHORT COMMUNICATIONS

Fig. 2. Trail camera image of a giant panda
(Ailuropoda melanoleuca) performing scent-marking
behavior on a sampling tree in Wolong Giant Panda
Nature Reserve, Sichuan, China. Volatile compounds
deposited by the gland secretion were collected by 3
solid phase microextraction fibers exposed beneath
the plastic bowls.

1 of the 4 conditions. We normalized the intensity values
of these compounds by log2 of the raw abundance val-
ues. We used a one-way analysis of variance to determine
significant elevations in the normalized log2 abundance
values of compounds in each condition compared with
the control at a significance level of 0.05.

Results
Over 6 sampling days, trail cameras confirmed a visit

from a masked palm civet on 7 July at sampling location
number 1, a giant panda on 8 July at sampling location
number 9, and an Asian badger on 9 July at sampling loca-
tion number 1. The trail camera captured the giant panda
actively performing scent-marking behavior on the tree
surface below the secured SPME fibers for 30 seconds
(Fig. 2). None of the other species were recorded per-
forming scent-marking behavior nor did they visit the
same tree as the giant panda.

Within the 43 SPME samples collected, 35 were
from control sampling sites (8 sampling trees) and the
remaining 3 animal activity conditions contained 2
SPME samples each (2 sampling trees). The number of
compounds detected varied across the conditions; SPME
fibers collected from the Asian badger visit contained
an average of 165 ± 52 (mean ± standard deviation)
compounds, the civet 117 ± 30 compounds, the giant
panda 144 ± 22 compounds, and the control 177 ± 68
compounds. Of 2,620 compounds that were identified in
�1 sample, 66 of these compounds were present in 100%
of samples in any 1 of 4 conditions. The normalized abun-
dances of 18 compounds were significantly (P < 0.05)

different by >2-fold changes for each animal condition
compared with the control (Table 1). Seven compounds
(Bicyclo[9.3.1]pentadeca-3,7-dien-12-ol, 4,8,12,15,15-
pentamethyl-, [1R-(1R*,3E,7E,11R*,12R*)]-; Ethane,
1,1-dinitro-; 3-Octen-1-ol; 1s,4R,7R,11R-1,3,4,7-
Tetramethyltricyclo[5.3.1.0(4,11)]undec-2-en-8-one;
Octane, 4-ethyl-; 2(1H)-Pyridinethione, 3-ethoxy-6-
methyl-; Azetidine, 2,2,3,3-tetramethyl-) were elevated
in samples collected from the tree visited by the gi-
ant panda compared with the control. Three of these
compounds (Ethane, 1,1-dinitro-; Octane, 4-ethyl-;
2(1H)-Pyridinethione, 3-ethoxy-6-methyl-) were unique
to the giant panda samples—they were found in 100%
of the samples collected from the giant panda visit, but
not across all control sites or in the presence of the Asian
badger or masked palm civet.

Discussion
This study suggests that FAA/SPME/GCMS can be

used to detect free-ranging giant pandas as determined by
an increase in the abundance of 7 compounds in samples
collected from a giant panda visit compared with the con-
trol, 3 of which were unique to the giant panda samples.
Four compounds (Hexanal, 3-methyl-; 3-Octen-1-ol; Oc-
tane, 4-ethyl-; and 2-Decanone) are structurally similar to
compounds found in giant panda scent marks (Hagey and
MacDonald 2003). Furthermore, similar aldehydes and
alkanes to Hexanal, 3-methyl-, Ethane, 1,1-dinitro-, and
Octane, 4-ethyl- were detected in the enclosure air of gi-
ant pandas housed in captivity (Wilson et al. 2018). The
abundance of 3-Octen-1-ol was elevated after visits by
both the masked palm civet and the giant panda. Similar-
ities in volatile compounds produced by civets and giant
pandas have been found in previous studies (Dehnhard
et al. 2005).

The current study aimed to provide a proof of concept
to lay the groundwork for future studies to investigate
the potential application of FAA/SPME/GCMS for the
conservation and management of giant pandas. Several
aspects of this technique may be improved upon as future
studies explore the use of FAA/SPME/GCMS to detect
volatile compounds produced by different species. This
technique requires further development with a greater
number of individuals, sampling during different sea-
sons, and sampling in different locations. For example,
conducting FAA/SPME/GCMS during the spring breed-
ing season may increase sample size as well as influence
the duration of time that the SPME fiber is exposed to
the environment because the giant pandas increase their
movements during this time. The current methodology
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Table 1. Differentially expressed compounds with a >2-fold change in abundance when visited by each of the
3 species (Asian badger [Meles leucurus], masked palm civet [Paguma larvata], and giant panda [Ailuropoda
melanoleuca]) from 28 June to 12 July 2017, as compared with the control (no animal activity), in Wolong Giant
Panda Nature Reserve, Sichuan, China.

Asian badger Masked palm civet Giant panda

Compound name FCa Db FC D FC D

Bicyclo[9.3.1]pentadeca-3,7-dien-12-ol,
4,8,12,15,15-pentamethyl-,
[1R-(1R*,3E,7E,11R*,12R*)]-

−56.60 down −56.60 down 1.14E+05 up

Hexanal, 3-methyl- −2.57 down 3.83E+06 up −2.57 down
Ethane, 1,1-dinitro-* −2.64 down −2.64 down 6.41E+06 up
Oxazolidine, 4,4-dimethyl- −3.08 down 3.41E+07 up −3.08 down
3-Octen-1-ol −2.55 down 1.23E+07 up 1,065.94 up
2H-Tetrazole-5-carboxylic acid, 2-phenyl- 2.79E+07 up −4.83 down −4.83 down
4-Isopropyl-7,11-dimethyl-3,7,11-cyclotetradecatrienone −2.51 down −2.51 down −2.51 down
1s,4R,7R,11R-1,3,4,7-

Tetramethyltricyclo[5.3.1.0(4,11)]undec-2-en-8-one
−9.08 down −9.08 down 5.69E+05 up

Oxirane, 2-methyl-3-propyl-, trans- −6.92 down −6.92 down −6.92 down
Octane, 4-ethyl-* −1.64 down −1.64 down 4.00E+06 up
Cyclohexanepropanenitrile, 2-oxo- 1.75E+08 up −1.74 down −1.74 down
(+)-(R)-5-Ethyltetrahydrofuran-2-one 2.73E+07 up −1.00 down −1.00 down
2-Decanone 2.51E+06 up −4.21 down −4.21 down
2(1H)-Pyridinethione, 3-ethoxy-6-methyl-* −1.00 down −1.00 down 1.17E+08 up
Azetidine, 2,2,3,3-tetramethyl- −5.13 down 3.97E+07 up 2,465.17 up
N-(3,5-Dinitrophenyl)-2,2-dimethylpropionamide −1.00 down 8.65E+06 up −1.00 down
2-Ethylhexyl ester of butanoic acid −2.97 down 2.51E+07 up −2.97 down
Trans-1,2-dimethyl-1-octene −1.57 down 9.18E+06 up −1.57 down

aFC: fold change.
bD: direction of fold change.
*Unique to giant panda sample.

suggests exposing the SPME fiber to the environment for
48 hours, which may be enough time for >1 individual to
visit the same tree. However, this technique may be able
to differentiate between individuals that scent mark on the
same tree; previous studies have reported that anogenital
gland secretions of giant pandas contain an “odor fin-
gerprint” (Zhang et al. 2008), which may be detected by
FAA/SPME/GCMS as the technique is further developed.
Furthermore, unique compounds have been identified in
the anogenital secretions (Yuan et al. 2004, Zhang et al.
2008, Liu et al. 2013) as compared with urine (Dehnhard
et al. 2005, Liu et al. 2013) collected from giant pan-
das (Hagey and Macdonald 2003), suggesting that the
volatile compounds collected from a scent mark versus
urine and/or urine-soaked fur would differ as well. Addi-
tionally, the need for camera traps to distinguish species
may become less necessary as the unique volatile pro-
file of different species that occupy a given area may be
determined.

It is difficult to determine the number of giant pandas
currently in the wild because this species is extremely
elusive and occupies a complex habitat. Additionally, the

inability to accurately identify individuals has been a lim-
iting factor in previous population surveys because direct
counts, collection of indirect signs, and camera images
are unable to distinguish individual identity. To remedy
this, current census methods for the giant panda popula-
tion employ microsatellite analysis of fecal DNA to esti-
mate population size (Zhan et al. 2006, Zhu et al. 2011);
however, this requires intensive sampling of feces. With
further development of both the FAA/SPME/GCMS tech-
nique and population modeling, this method may be use-
ful to determine the presence of individual giant pandas
in a given area from unique volatile profiles. Further-
more, although trail cameras may be less expensive and
require less intensive data analysis as a monitoring tool
for giant pandas; FAA/SPME/GCMS has the potential
to provide information to management about movements
connecting isolated populations of giant pandas through
the identification of chemical cues. Hence, this technique
not only allows for tracking and identification of individ-
uals, but it can also be used to determine reproductive
status, investigate attractants for population census and
bear relocation, and assess ecological variables affecting
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wild populations. Additionally, we suggest this technique
could be developed for other bear species and used for
biodiversity surveys and conservation of several species
whose habitats occupy the same landscape or vegetation
community.
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