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Abstract.- Population estimation is important in conservation biology. Conservation projects are generally
implemented on the basis of population estimation of objective animals. The Chinese forest musk deer (Moschus
berezovskii) is an endangered mammal that dwells in the alpine forests. At present, it only exists in fragmented
habitats in southwest China. There are currently no population estimates of the wild population of Chinese forest musk
deer; therefore, we used distance sampling method and strip transect method to determine the relative population
density quantified by the indices of abundance of this species. The results showed that the indices of abundance of the
Chinese forest musk deer was 0.16 – 0.24 individuals/km2 evaluated by using the distance method; and 0.11 ± 0.21
individuals/km2 evaluated by using the strip transect method. Our results suggested the indices of abundance varies
according to the geographical variation, which may attribute to the economic imbalance between eastern part and
western in China. In addition, many human disturbances were present in the habitat of Chinese forest musk deer.
Extensive poaching was currently being practiced, as revealed by our field observation of 0.14 snares/km2. In addition,
the population trend in Mayuhe and Yele seemed to be decreasing. Consequently, we can postulate that the Chinese
forest musk deer had a small population density, and this finding could be attributed to the markedly high human
disturbances, particularly poaching, in the habitat of forest musk deer.
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INTRODUCTION

Population estimation is important in the
field of conservation biology and is used to evaluate
the outcomes of a conservation project (IUCN,
2013). Information regarding population status of
endangered species is considered essential for
developing further conservation strategies.
Distancing sampling is a popular method to
evaluate population density in recent years. It is
based on the detection probability of samples
detection to correct the sample value when we miss
some samples in the field work (Buckland et al.,
2001). The precision of distance sample method is
based on three essential assumptions: (i) all samples
on the line are detected; (ii) the detected samples are
assumed to be motionless before detection (iii)
measurements are exact (Buckland et al., 2001).
Many studies use distance sampling method to
evaluate population density, for instance, red jungle
fowl (Subhani et al., 2010), Bornean elephant
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(Alfred et al., 2010), Asian elephant (Kumara et al.,
2012), Przewalski’s gazelle (Li et al., 2012) and
some large herbivores (Jathanna et al, 2003).
Distance sampling method is demonstrated to be a
reliable technique to evaluate population density
(Bården and Fox, 2006; Wegge and Storaas, 2009).
The Chinese forest musk deer (Moschus
berezovskii), a medium-sized mammal, dwells in
alpine forests having an altitude ranging from 2,000
m to 3,800 m (Smith and Xie, 2008). At present, it
only exists in some small fragmented habitats in
southwest China due to human disturbances (Sheng
and Liu, 2007), and is listed as an endangered
animal in the International Union for Conservation
of Nature (IUCN) Red List of threatened species
(IUCN, 2013). It is also included in the Appendices
of Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) (UNEPWCMC, 2013a). There are five subspecies of
Chinese forest musk deer, M. b. berezovskii, M. b.
bjiangensis, M. b. caobangis, M. b. yunguiensis and
M. b. anhuiensis (Sheng and Liu, 2007). M. b.
berezovskii mainly distributed in the province of
Sichuan, Qinghai and Tibet; M. b. bjiangensis
mainly in the northwestern of Yunnan province; M.
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b. caobangis mainly in the south of Yunnan
province, Guangxi and Guangdong province (Wang
and Harris, 2008). The unnamed musk deer in the
province of Gansu, Ningxia, Shaanxi, Hubei and
Henan listed in IUCN redlist is named as another
subspecies of Chinese forest musk deer, the M. b.
anhuiensis (Sheng and Liu, 2007). The male can
produce musk (1 g is worth US $100–$160), and the
market demand for musk has been increasing
(UNEP-WCMC, 2013b). Frequent poaching to
acquire commercial profits threatens this
endangered animal (Rao et al., 2010; Sheng and Liu,
2007).
Chinese forest musk deer is disturbed
seriously by human activity usually from March to
September by digging herbs, grazing and gathering
shoots of some plants (Wei et al., 1995; Sheng and
Liu, 2007). Chinese forest musk deer defecate
randomly when they are under human disturbances
although they may have latrines in winter days
without human disturbance, and individuals with the
same gender would not share home range (Sheng
and Liu, 2007). In addition, at close proximity, an
observer can distinguish between male and female
feces by smell (musk smell in males; foul odor in
females; Sheng and Liu, 2007). In recent years, a
few reports have investigated the population density
of Chinese forest musk deer. Some studies vaguely
indicate that this species is near extinction without
providing precise data (Peng et al., 2008; Qi et al.,
2011). Therefore, by detecting pellet groups in
several hotspots, we used distance sampling method
and strip transect method to survey the relative
population density of Chinese forest musk deer. To
evaluate the relative population density absolutely,
we surveyed four subspecies of Chinese forest musk
deer (M. b. berezovskii, M. b. bjiangensis, M. b.
yunguiensis and M. b. anhuiensis). We did not
survey M. b. caobangis for the reason that literature
records no Chinese forest musk deer in the south of
Yunnan province (Kunming Institute of Zoology,
1999) which is the main distribution area of M. b.
caobangis in China.
MATERIALS AND METHODS
Study areas
We selected ten sites to estimate the relative

population density of the Chinese forest musk deer
(Fig. 1, Table I). All areas of the selected sites have
been established as nature reserves in the local
province or as national nature reserves. The selected
sites are mainly covered with coniferous forest,
while few sites in low altitude are covered with the
mixture of coniferous and broad leaves forests. Most
coexisting mammals of Chinese forest musk deer
are Muntiacus reevesi, Naemorhedus griseus and
Capricomis milneedwardsii (Li, 2010) which are
widely distribute in the southwest of China.
Generally, the economy in the sample sites of
eastern part, CTH, MYH, YL, LZP and GGS is
better than that of western part, DLJ, QQ, BZL, KP
and GHQ. Chinese forest musk deer in GHQ, KP,
BZL, QQ and DLJ is M. b. bjiangensis; GGS, LZP
and YL the M. b. berezovskii; MYH the M. b.
anhuiensis; CTH the M. b. yunguiensis. All selected
sites have been historically documented to have an
abundance of this species (Yang et al., 2003; Sheng
and Liu, 2007, Smith and Xie, 2008), as well as
reported by local people as areas where Chinese
forest musk deer are frequently sighted. The
selected sites were generally designed as planar
quadrilateral in relevant nature reserve, and areas of
selected sites were calculated using the global
positioning system (GPS) navigator.

Fig. 1. Selected survey sites for the
estimation of forest musk deer population
density. Abbreviations of survey locations:
GHQ, Gehuaqing; KP, Kangpu; QQ, Qiqi; BZL,
Bingzhongluo; DLJ, Dulongjiang; YL, Yele;
LZP, Liziping; GGS, Gonggashan; MYH,
Mayuhe; CTH, Changtanhe.
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Table I.-
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Survey sites selected in our study.

Survey sites (Central
geographic coordinates)a

Area
(km2)

Survey
time

Altitude
(m)

Vegetation types

Institutions (Total area)

Province

GHQ (27.57°N, 99.30°E)
KP (27.82°N, 99.05°E)
QQ (27.72°N, 98.57E)
BZL (28.02°N, 98.62°E)
DLJ (27.96°N, 98.33°E)
YL (28.87°N, 102.19°E)
LZP (30.00°N,102.30°E)
GGS (29.68°N, 100.45°E)
MYH (33.75°N,
106.57°E)
CTH (30.03°N, 109.70°E)

90
30
35
42
50
80
20
24
108

April
April
May
May
May
June
June
July
July

3,200
3,100
2,900
2,800
2,800
2,700
2,500
3,100
2,300

Coniferous forest
Coniferous forest
Coniferous forest
Coniferous forest
Coniferous forest
Coniferous forest
Coniferous forest
Coniferous forest
Broadleaf/coniferous forest

Baima Snow National N.R. (2,816 km2)
Baima Snow National N.R. (2,816 km2)
Gaoligongshan National N.R. (4,015 km2)
Gaoligongshan National N.R. (4,015 km2)
Gaoligongshan National N.R. (4,015 km2)
Yele N.R. (243 km2)
Liziping N.R. (478 km2)
Gonggashan National N. R (4,091 km2)
Ziboshan National N.R. (174 km2)

Yunnan
Yunnan
Yunnan
Yunnan
Yunnan
Sichuan
Sichuan
Sichuan
Shaanxi

15

August

2,000

Broadleaf/coniferous forest

Qizimeishan National N.R. (345 km2)

Hubei

Total

494

a

See Fig. 1.
All surveys were conducted in 2012; N.R., Nature Reserve.

Line transect design
Line transects were established to use a
random coordinate as a start point, and a sighting
compass was used to establish and maintain the
centerline to keep it as straight as possible. And then,
a systematically transects were placed with intervals
generally 0.3–0.5 km (according to geomorphic
variation) to avoid repetitive counting with adjacent
ones. Some habitats were the logging area decades
ago, and they become secondary forest after logging
prohibition (Sheng and Liu, 2007). Therefore, line
transects were usually placed respectively in
secondary and virgin forest if survey sites were the
mixture of secondary and virgin forest. Totally, we
placed 54 line transects in all survey areas, 36 in
virgin forest and18 in secondary forest. The total
line transect distance is 420 km (322 km in virgin
forest and 98 in secondary forest). Consequently, 5.4
line transects on average were placed in each survey
site. GGS did not have line transects in virgin forest,
and GHQ, QQ, DLJ did not have line transects in
secondary forest (Table II).
A group of two highly trained observers
conducted the field surveys. Each observer
individually detected pellet groups on one side of
the centerline and exchanged to the opposite side at
every 50 m interval along the line transect. Chinese
forest musk deer density can change significantly in
several weeks under poaching pressure (Yang and
Hu, 1989). Therefore, we only recorded fresh pellet
groups to evaluate the relative population density of

Chinese forest musk deer. Fresh pellets have
intestinal tissue on the surface, which has glossy
surface or slippery surface by finger.sensation.
Pellet groups all have glossy surface regardless of
old or fresh pellets in rainy days, so we needed to
assure their freshness during rainy days by sensation
of slippery surface using fingers. Usually, fresh
pellet groups have small peaks on the top, and the
approximate diameter of the individual pellet group
is less than 20 cm. If pellet groups did not
absolutely obey these rules when we surveyed in the
field, then we should observe the characters of
pellets carefully, including color, humidity of the
surface tissue etc. to differentiate pellets that may
belong to two groups. Finally, we differentiated
pellet groups of males and females with interval of
short distance on the basis of odor (Sheng and Liu,
2007) if we can not distinguish them by direct
observation. Moreover, group over 40 pellets was
recorded as one pellet group (Hemami and Dolman,
2005). In addition, we needed to record the
perpendicular distance which is from a pellet group
(from the cross between the largest diameter and the
shortest diameter) to the centerline using a steel tape.
A GPS navigator was used in the surveys to record
the length of the line transect (distance along the
centerline). Fieldwork was conducted from 09:30 h
in the morning to 16:30 h in the afternoon, and
observers rested for an hour at noon to obviate
fatigue.
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Table II.
Survey
Locationsa

GHQ
KP
QQ
BZL
DLJ
YL
LZP
GGS
MYH
CTH
Mean
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Forest musk deer population density and human disturbances recorded during the surveys.
Line number
V.F.b
S.F.c

6
3
4
3
3
4
1
0
11
1
3.6

0
2
0
2
0
3
3
3
3
2
1.8

Line length (km)
V.F.
S.F.

42
22
24
17
15
41
6
0
151
4
32.2

0
12
0
10
0
15
11
18
24
8
9.8

Population density (per km2)
V.F.
S.F.
(mean±SD)
(mean ± SD)
0.34 ± 0.29
0.24 ± 0.05
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.39 ± 0.46
0.00 ± 0.00
0.00 ± 0.00
0.06 ± 0.04
0.14 ± 0.00
0.11 ± 0.21

0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.03 ± 0.06
0.00 ± 0.00
0.00 ± 0.00
0.04 ± 0.04
0.07 ± 0.10
0.02 ± 0.04

Human disturbances (per km2)
Snaresd
Shedse
Personsf
(mean ± SD)
0.00
0.23
0.00
0.71
0.04
0.26
0.00
0.00
0.03
0.13
0.14

0.02
0.03
0.00
0.00
0.06
0.01
0.00
0.00
0.00
0.00
0.01

0.82 ± 0.97
0.57 ± 0.81
1.43 ± 0.33
0.00 ± 0.00
4.95 ± 4.76
0.00 ± 0.00
0.88 ± 1.03
0.00 ± 0.00
0.00 ± 0.00
0.27 ± 0.46
0.78 ± 1.70

a

See Fig. 1.
Virgin forest.
c
Secondary forest.
d
Wire snares used for poaching of Chinese forest musk deer.
e
The shield used for persons grazing their cattle or gathering herbs in the habitat of the Chinese forest musk deer.
f
The persons grazing their cattle and gathering herbs or shoots in the habitat of the Chinese forest musk deer.
b

Human disturbance surveys
Some human disturbances do not distribute
randomly in the Chinese forest musk deer habitat.
Therefore, we recorded all those human
disturbances in the whole sampling sites. Those
human disturbances include sheds and the presence
of wire snares (Sheng and Liu, 2007). Human
usually selected places where there is water or some
comfortable platforms to construct shed, so sheds
were investigated adjacent to spring water or small
platforms in sampling sites. Wire snares were
detected in the survey areas by following the tracks
of poachers to record them as thoroughly as possible.
In addition, strip transect was used to detect human
presence (humans other than scientists or forest
guards). The width of the strip was set to 0.5 km
along with line transects. Footprints and other
anthropogenic markers were detected in the range of
100 m. Furthermore, outstanding stone or highland
was chosen as platforms to detect the presence of
humans in the range of about 150 m by observation
or listen for about 10 minutes. The number of
persons were inferred on the basis of footprints and
recorded as human presence data if no persons were
detected in the line transect direction; however,
when both footprints and persons were detected,
only the number of persons was recorded. If some

humans were detected several times during a day,
we recorded their presence only once.
We used Mann – Whitney U test to compare
the differences of human presence between
sampling sites. All statistics were performed by
SPSS 16.0 (SPSS, Chicago, Illinois, USA).
Line transect statistical methods
Musk deer (Harris and Cuiquan, 1993; Sheng
and Liu, 2007), like some other small related
ruminants (Li, 2010; Wegge and Mosand, 2014), are
recorded to have the behavior of latrine defecation,
and this may bias the results of population density
estimation. Besides, we find that the defecation rate
of Chinese forest musk deer is too small (Hu et al.,
2007; Guo and Hu, 1998; Wang and Sheng, 1988;
Wei et al., 1995) compared with other closely
related animals from previous studies (Marques et
al., 2001; Rogers, 1987). We need further study to
ascertain the defecation rate of this species if we
want to estimate the absolute population density.
Finally, it is difficult to estimate the accurate
population density of rare Chinese forest musk deer
using distance sampling method (Wegge and Storaas,
2009). Therefore, even if the software distance
produces density estimates, we only used these
results as indices of abundance (F) to quantify the
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relative population density of Chinese forest musk
deer, which may make our study more logical.
The indices of abundance (ind./km2) was
calculated using the following three variables
(Baskaran et al., 2013):
F = (Y × R)/D
where Y is the density of pellet groups; R is the
decay rate of fresh pellets (the disappearance rate of
glossy to non-glossy pellets per day); and D is the
defecation rate (pellet group number produced per
musk deer per day). Y was estimated using the
Distance software package (Thomas et al., 2009).
The decay rate of fresh pellets R was considered to
be 0.1-0.14 on the basis of the findings of several
studies viz., Wang and Sheng (1988) in April, Wei et
al. (1995) and Guo and Hu (1998) in June at YL, Hu
et al. (2007) in April at MYH. Defecation rate of
Chinese forest musk deer is stable (Sheng and Liu,
2007), and studies reported that the defecation rate
is 4.61 - 4.91 pellet groups per day in a wild habitat
model (Wang and Sheng, 1988; Yang and Hu, 1989).
Only sites with documented pellet groups
were selected to estimate the relative population
density. Analysis performed using Distance software
was conducted by manually setting the distance
intervals primarily on the basis of the goodness of
fit test to avoid measurement or truncated errors,
and several combinations of key detection functions
and adjustment terms were used to develop a
candidate model (Thomas et al., 2009). Visual
inspection of detection probability and probability
density plots (qq-plot) were used for model data
fitting. The smallest Akaike’s information criterion
(AIC) value was used to select the best model
(Thomas et al., 2009).
Distance sampling analysis depended on the
reliability of detection function that can be analyzed
even if numerous factors affect the probability of
detection object and that has statistical significance
(Burnham et al., 1980; Buckland et al., 2001). In
addition, our survey sites were mainly covered by
coniferous forests, and the same observers used the
same method to detect pellet groups. Therefore, we
integrated all survey sites of virgin or secondary
forest as a single one during the analysis performed
using software Distance, given that the detection
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function is a mixture of many simple functions
(Burnham et al., 1980).
Strip transect design and statistical methods
We also surveyed relative population density
of Chinese forest musk deer using strip transect
method. Surveys using strip transect method were
studied simultaneously with surveys with distance
sampling method. We fixed the width of strip
transect as 30 m (Yang and Hu, 1989) along with the
centerline of line transect. Relative population
density (F1, indices of abundance; ind./km2) of every
strip transect was calculated using the formula
below:
F1 = (N× R)/(W× L× D)
Where N is the number of fresh pellet groups
recorded in one strip transect; R is the decay rate of
fresh pellets (the disappearance rate of glossy to
non-glossy pellets per day; we selected R as 0.12 the
mean value of several studies in Wang and Sheng
(1988), Wei et al. (1995), Guo and Hu (1998) and
Hu et al. (2007); W is the width of strip transect; L
is the length of strip transect; and D is the defecation
rate (pellet group number produced per musk deer
per day; we selected R as 4.76 the mean value in
studies of Wang and Sheng (1988), and Yang and
Hu (1989)). Then we compared the differences of
relative population density between sampling sites.
We also compared the differences of relative
population density between virgin forest and
secondary forest. All statistics were performed using
Spss 16.0 (SPSS, Chicago, Illinois, USA).
RESULTS
Distance sampling
Truncation data were used to evaluate pellet
group density of virgin forest on the basis of the
goodness of fit test (Fig. 2). Half-normal key
functions with cosine adjustments were used to
estimate the density by using Distance that
considered the minimum AIC, and the effective strip
width was 14.81 m. The percent coefficient of
variation was 25.06%, and the estimated pellet
groups density was 7.82 groups/km2 (95%
confidence interval (CI) = 4.73 – 12.92). Therefore,
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the indices of abundance of Chinese forest musk
deer was 0.16 – 0.24 individuals/km2.

recorded at the survey locations, including the
presence of snares, sheds, and humans who gathered
herbs, bamboo shoots, or other plants as food (Table
II). Our results suggested that many sample sites are
under the same extent of heavy pressure in human
disturbance (Table III). Moreover, we observed
much more human disturbance in QQ and DLJ than
MYH.
DISCUSSION

Fig. 2. Estimated detection probability of
forest musk deer pellet groups from the distance
sample. Data truncated at 35 m (observations =
47).

Strip transect
Moreover, we also recorded small indices of
abundance using strip transect method, 0.11 ± 0.21
individuals/km2 in virgin forest and 0.02 ± 0.04
individuals/km2 secondary forest (Table II), with
several sites showing no record. Pairwise
comparison of relative population density between
sample sites suggested that the main difference is
observed between sample sites MYH and some
others (Table III). In addition, QQ and BZL are
significantly different from KP, which may attribute
to some scientists devoting theirselves to the
ecological conservation (indices of abundance in
KP > QQ and BZL; personal communication) (Table
III).
A markedly higher number of pellet groups
was recorded in the virgin forest (0.16 pellet groups
per km of the line transect) than in the secondary
forest (0.04 pellet groups per km of the line transect)
during our surveys. However, we did not find
significant difference of relative population density
between virgin forest and secondary forest tested by
Mann – Whitney test (P > 0.05), which may need
much more sample sizes to study this phenomenon
in future research.
Human disturbance
Various types of human disturbances were

Distance sampling
Due to the fact that small pellet groups were
recorded in the secondary forest, we only estimated
relative population density of Chinese forest musk
in the habitat of virgin forest using distance
sampling method. In addition, we only selected
some hotspot to survey the abundance of Chinese
forest musk deer, so the results in our study were
overestimated. The indices abundance in our result
was the relative density, but it was not the exact data
of population density. However, Our data was so
small that we can postulate that Chinese forest musk
deer has small population density in its primitive
habitat.
Strip transect
Our results suggested that indices of
abundance in some sampling sites seems to be
declining compared with previous studies. The
indices of abundance in MYH in our study (Table II)
is lower than the study conducted years ago (Hu et
al., 2007; 0.48 individuals/km2). In addition, the
indices of abundance in YL in our study (Table II) is
also lower than previous study (Guo and Hu, 1998;
1.43 individuals/km2). These results may suggest the
population status of Chinese forest musk deer is
decreasing, which is consistent with the population
trend of this species recorded in IUCN (IUCN,
2013).
Our results suggested that the indices of
abundance may vary according to the geographical
variation, which may attribute to the economy
condition difference. We observed the indices of
abundance in MYH was significant higher than QQ
and DLJ, and we also observed human disturbance
in QQ and DLJ was significant higher than MYH
(Table III). People in developing area depend on
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Table III.-

GHQ
KP
QQ
BZL
DLJ
YL
LZP
GGS
MYH
CTH
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P - value of pairwise comparison between sample sites.
GHQ

KP

QQ

BZL

DLJ

YL

LZP

GGS

MYH

CTH

NA
0.662
0.476
0.177
0.167
0.836
0.914
0.262
0.091
0.548

0.548
NA
0.190
0.310
0.071
0.639
0.730
0.393
0.219
0.786

0.082
0.036*
NA
0.016*
0.400
0.315
0.686
0.057
0.001*
0.057

0.082
0.036*
1.000
NA
0.036*
0.106
0.286
1.000
1.000
0.571

0.167
0.100
1.000
1.000
NA
0.183
0.229
0.100
0.003*
0.100

0.914
0.857
0.063
0.063
0.114
NA
0.927
0.183
0.038*
0.517

0.114
0.057
1.000
1.000
1.000
0.114
NA
0.400
0.158
0.629

0.167
0.100
1.000
1.000
1.000
0.114
1.000
NA
1.000
0.700

0.216
0.005*
0.009*
0.009*
0.038*
0.138
0.018*
0.038*
NA
0.432

0.857
0.500
0.333
0.333
0.500
0.800
0.400
0.500
0.167
NA

Top right is pairwise comparison of population density between sample sites.
Left bottom is pairwise comparison of human presence (persons who gathered herbs, bamboo shoots, or other plants as food) between
sample sites.
*
Significant (P < 0.05) for comparison between sample sites. NA, no value.

much more raw materials in the field than the
people in developed area (Primack, 2010). We know
well that China has much better economic income in
the eastern part than that of western. Usually,
species extinction or biodiversity loss is closely
related to poor economic income (Barrett et al.,
2011). Therefore, the indices of abundance of
Chinese forest musk deer may change with
geographical variation consistent with economic
income variation.
Human disturbance
Our results suggested that extensive human
disturbances might result in the low relative
population density of Chinese forest musk deer,
which was consistent with the findings of previous
studies suggesting that human disturbances are the
fundamental cause for the decline of wildlife (Ogutu
et al., 2011). In particular, we found that poaching
using wire snares was still practiced, and these
snares would slaughter Chinese forest musk deer
irrespective of whether they were males, females, or
fawns (Yang et al., 2003). A study reported that the
density of Chinese forest musk deer decreased from
3.79 to 1.84 individuals/km2 in 40 days when
poachers placed 15 wire snares per km2 in a field
(Yang and Hu, 1989).
Other potential reasons to the small indices of
abundance may be predation or habitat degradation.
Chinese forest musk deer is vulnerable to predator
because of no defensive organ to protect itself or the

fawn (Sheng and Liu, 2007). The fawn usually
becomes the prey of other predator, such as yellow
throated marton (Aryal, 2006), which makes
population increase slowly. Moreover, previous
logging and continuous human disturbance
degraded the habitat, which is another factor that
may result in the small indices of abundance
(Rybicki and Hanski, 2013).
Conservation issue
Although the in-situ conservation area is
increasing after 1980s when we consider conserving
Chinese forest musk deer, and a series of laws have
been launched many years ago (Sheng and Liu,
2007). However, poaching is still observed in the
field work. Poaching problem can not come to an
end for the enormous profits from musk trade or
smuggling (Challender and MacMillan, 2013). To
some extent, the management to Chinese forest
musk deer in nature reserve is the war to poaching.
Therefore, in the immediate future, we should
incentivize and establish capacity within local
people to conserve Chinese forest musk deer
(Challender and MacMillan, 2013). In the long term,
we should find out the substitute of musk (Meng et
al., 2012) and then ban the trade of musk in the
world absolutely.
Moreover, the widespread prevalence of
poverty and economic insecurity make conservation
increasingly difficult (Bhagwat, 2012). Economic
income of local people largely comes from grazing,
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gathering herbs et al. which mainly damage the
habitat of Chinese forest musk deer (Wei et al.,
1995). However, the threats to the survival of
Chinese forest musk deer are not easy to eliminate
because local people obtain great economic profit
from grazing, gathering herbs etc. Therefore, we
should arrange a program which could generate a
self-supporting economy and support wildlife
conservation at the grass roots level (Shrestha,
1998).
In summary, we used both distance sampling
method and strip transect method to survey the
relative population density of Chinese forest musk
deer. Although we observed higher indices of
abundance using distance sampling method, we can
not compare these two survey methods directly for
different theoretical basis. However, both results
suggested Chinese forest musk deer has small
relative population density. To a large extent, small
relative population density of Chinese forest musk
deer was attributed to the human disturbance,
especially poaching. Consequently, we should give
much more conservation concern to this species.
ACKNOWLEDGMENTS
We thank Yunfa Ge, Yongsheng Shen,
Shunkai Feng, Zhijun Cai, Xiaoyang He, Yong Bai,
Yongsheng Ma, Hongguang Ma, Xin Huang, Wei
Wang, Dayong Li, Jie Hu, Shuming Chen,
Yongxiang Zhang, and Cheng Zhao for assistance
during our field work. We also thank Dayong Li and
Ten Zhai for revising the manuscript, and Cheng
Zhao for generating the graphics. Further, we thank
the reviewers (Sandro Lovari and an anonymous
reviewer) for their insightful critiques. We are
grateful for the logistical support from Baima Snow
Mountain Nature Reserve, Gaoligongshan Nature
Reserve, Yunlong Tianchi Nature Reserve, Yele
Nature Reserve, Liziping Nature Reserve,
Gonggashan Nature Reserve, Ziboshan Nature
Reserve, and Qizimeishan Nature Reserve. Funding
was provided by the National Natural Science
Foundation of China (30870362), the State Forestry
Administration of China, and the Fundamental
Research Funds for the Central Universities of
China.

Conflict of interest
The authors have declared no conflicting
interests.
REFERENCES
ALFRED, R., AHIMD, A.H., PAYNE, J., WILLIAM, C. AND
AMBU, L., 2010. Density and population estimation of
the Bornean Elephants (Elephas maximus borneensis)
in Sabah. Online J. boil. Sci., 10: 92-102.
ARYAL, A., 2006. Himalayan musk deer in Annapurna
conservation area, Nepal. Tiger Pap., 33: 11-18.
BARDSEN, B.J. AND FOX, J.L., 2006. Evaluation of line
transect sampling for density estimates of chiru
Pantholops hodgsoni in the Aru Basin, Tibet. Wildl.
Biol., 12: 89 – 100.
BARRETT, C. B., TRAVIS, A. J. AND DASGUPTA, P., 2011.
On biodiversity conservation and poverty traps. Proc.
natl. Acad. Sci. USA., 108: 13907-13912.
BASKARAN, N., KANNAN, G., ANBARASAN, U., THAPA,
A. AND SUKUMAR, R., 2013. A landscape-level
assessment of Asian elephant habitat, its population and
elephant-human conflict in the Anamalai hill ranges of
southern western Ghats, India. Mammal. Biol., 78:470481
BHAGWAT, S. A., 2012. Himalayan biodiversity in the
changing world. In: Conservation of biodiversity: An
outline of the challenges (eds. B. P. Bhattarai, P. K.
Paudel and P. Kindlmann), Springer, Dordrecht,
Heidelberg, London, New York, pp. 41-70.
BUCKLAND, S.T., ANDERSON, D.R., BURNHAM, K.P.,
LAAKE, J.L., BORCHERS, D.L. AND TOMAS, L.T.,
2001. Introduction to distance sampling. Oxford
University Press, Oxford.
BURNHAM, K.P., ANDERSON, D.R. AND LAAKE, J.L.,
1980. Estimation of density from line transect sampling
of biological populations. Wildl. Monogr., 72: 1-202.
CHALLENDER, D. W. S. AND MACMILLAN, D. C., 2013.
Poaching is more than an enforcement problem.
Conserv. Lett., doi: 10. 1111/conl.12082.
GUO, J. AND HU, J., 1998. Forest musk deer population
density in Yele Nature Reserve, Mianning, Sichuan. In:
Vertebrate resource and conservation (eds. J. Hu, and Y.
Wu), Sichuan Science and Technology Press, pp. 75-79.
HARRIS, R.B. AND CUIQUAN, C., 1993. Autumn home
range of musk deer in Baizha forest, Tibetan plateau. J.
Bombay nat. Hist. Soc., 90: 430-436.
HEMAMI, M.R. AND DOLMAN, P.M., 2005. The
disappearance of muntjac (Muntiacus reevesi) and roe
deer (Capreolus capreolus) pellet groups in a pine forest
of lowland England. Eur. J. Wildl. Res., 51: 19-24.
HU, Z., WANG, Y., XUE, W., JIANG, H. AND XU, H., 2007.
Population density of Moschus berezovskii in Zibaishan
nature reserve of Feng County, Shaanxi. J. Zhejiang
Forest. Coll., 24: 65-71.

POPULATION DENSITY OF THE FOREST MUSK DEER

IUCN, 2013. IUCN Red list of Threatened Species. Version
2013. 2. <www.iucnredlist.org>. Downloaded on 02
March 2014.
JATHANNA, D., KARANTH, K.U. AND JOHNSINGH, A.J.T.,
2003. Estimation of large herbivore densities in the
tropical forests of southern India using distance
sampling. J. Zool., 261: 285-290.
KUMARA, H.N., RATHNAKUMAR, S., KUMAR, M.A. AND
SINGH, M., 2012. Estimating Asian elephant, Elephas
maximus, density through distance sampling in the
tropical forests of Biligiri Rangaswamy Temple Tiger
Reserve, India. Trop. Conserv. Sci., 2: 163-172.
KUNMING INSTITUTE OF ZOOLOGY, 1999. Wild animals
of Yunnan in China. China forestry publishing house.
LI, C., JIANG, Z., PING, X., CAI, J., YOU, Z., LI, C. AND WU,
Y., 2012. Current status and conservation of the
endangered Przewalski’s gazelle Procapra przewalskii,
endemic to the Qinghai-Tibetan Plateau, China. Oryx,
46: 145-153.
LI, X., 2010. Pilot study on musk deer (Moschus spp.) at langdu,
Diqing prefecture, northwest Yunnan China: Estimating
distribution of musk deer from sign survey and camera
trap data. China Exploratioin and Research Society
(CERS), Hong Kong.
MARQUES, F.F.C., BUCKLAND, S.T., GOFFIN, D., DIXON,
C.E., BORCHERS, D.L., MAYLE, B.A. AND PEACE,
A.J., 2001. Estimating deer abundance from line
transect surveys of dung: sika deer in southern Scotland.
J. appl. Ecol., 38: 349-363.
MENG, X., LIU, D., FENG, J. AND MENG, Z., 2012. Asian
medicine: Exploitation of wildlife. Science, 335: 1168.
OGUTU, J.O., OWEN-SMITH, N., PIEPHO, H.P. AND SAID,
M.Y., 2011. Continuing wildlife population declines and
range contraction in the Mara region of Kenya during
1977-2999. J. Zool., 285: 99-109.
PENG, H., LIU, S., ZOU, F., ZENG, B. AND YUE, B., 2008.
Genetic diversity of captive forest musk deer (Moschus
berezovskii) inferred from the mitochondrial DNA
control region. Anim. Genet., 40: 65-72.
PRIMACK, R.B., 2010. Essentials of conservation biology (5th
edition). Sinauer Associates, Sunderland, Massachusetts.
QI, W., LI, J., ZHANG, X., WANG, Z., LI, X., YANG, C. AND
FU, W., 2011. The reproductive performance of female
Forest musk deer (Moschus berezovskii) in captivity.
Theriogenology, 76: 874-881.
RAO, M., HTUN, S., ZAW, T. AND MYINT, T., 2010. Hunting,
livelihoods and declining wildlife in the Hponkanrazi
wildlife sanctuary, north Myanmar. Environ. Manage.,
46: 143-153.
ROGERS, L.L., 1987. Seasonal changes in defecation rates of
free-ranging white-tailed deer. J. Wildl. Manage., 51:
330-333.
RYBICKI, J. AND HANSKI, I., 2013. Species-area
relationships and extinctions caused by habitat loss and
fragmentation. Ecol. Lett., 16: 27-38.

333

SHENG, H. AND LIU, Z., 2007. The musk deer in China.
Shanghai Science & Technology Press, Shanghai.
SHRESTHA, M. N., 1998. Animal welfare in the musk deer.
App. Anim. Behav. Sci., 59: 245-250.
SMITH, A.T. AND XIE, Y., 2008. A guide to the mammals of
China. Princeton University Press, Princeton.
Subhani, A., Awan, M.S., Anwar, M., Ali, U., Dar, N.I., 2010.
Population status and distribution pattern of red jungle
fowl (Gallus gallus murghi) in Deva Vatala National
Park, Azad Jammu & Kashmir, Pakistan: A pioneer
study. Pakistan J. Zool., 42: 701-706.
THOMAS, L., LAAKE, J.L., REXSTAD, E., STRINDBERG,
S., MARQUES,
F.F.C.,
BUCKLAND,
S.T.,
BORCHERS, D.L., ANDERSON, D.R., BURNHAM,
K.P., BURT, M.L., HEDLEY, S.L., POLLARD, J.H.,
BISHOP, J.R.B. AND MARQUES, T.A., 2009.
Distance 6.0. release 1. Research unit for wildlife
population assessment, University of St. Andrews, UK.
UNEP-WCMC (Comps.) 2013a. Checklist of CITES species.
CITES Secretariat, Geneva, Switzerland, and UNEPWCMC, Cambridge, United Kingdom. Accessed on 02
March 2014.
UNEP-WCMC (Comps.), 2013b. CITES Trade Database <
http://www.cites.org/eng/resources/trade.shtml
>.
Accessed on 27 September 2013.
WANG, H. AND SHENG, H., 1988. Studies on population
densities, conservation and exploitation of Forest musk
deer (Moschus Berezovskii) in the northwest of the
Sichuan basin. Acta Theriol. Sin., 8: 241-249.
WANG, Y. AND HARRIS, R. B., 2008. Moschus berezovskii.
The IUCN Red List of Threateded Species. Version
2014.1. <www.iucnredlist.org>. Downloaded on 16 July
2014
WEGGE, P. AND MOSAND, H.M., 2014. Can the mating
system of the size-monomorphic Indian muntjac
(Muntiacus muntjak) be inferred from its social
structure, spacing behavior and habitat? A case study
from lowland Nepal. Ethol. Ecol. Evol., DOI: 10.
1080/03949370. 2014. 921794.
WEGGE, P. AND STORAAS, T., 2009. Sampling tiger
ungulate prey by the distance method: lessons learned
in Bardia National Park, Nepal. Anim. Conserv., 12: 7884.
WEI, F., WANG, W., YANG, G. AND HU, J., 1995. Preliminary
density analysis of Forest musk deer in Sichuan
Dafengding nature reserve. Sichuan J. Zool., 14: 66-67.
YANG, Q. AND HU, J. 1989. Population density research on
Forest musk deer (Moschus berezoveskii) of Baiyu
county. J. China West Norm. Univ. (Nat. Sci.), 10: 329336.
YANG, Q., MENG, X., XIA, L. AND FENG, Z., 2003.
Conservation status and causes of decline of musk deer
(Moscus spp.) in China. Biol. Conserv., 109: 333-342.
(Received 18 June 2014, revised 9 September 2014)

