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ABSTRACT 

To determine the impact of musk extraction procedures on the endocrine stress response of farmed male forest musk deer 
and to improve welfare and husbandry conditions in captivity. In our study we measured the effects of musk extraction 
and related procedures (capture and restraint) on the stress level of treated individuals by analyzing fecal cortisol 
concentrations (FCC). Fecal samples were collected from 20 captive musk deer for 20 days prior and 28 days after the 
treatment. Ten animals were subjected to capture, restraint, and extraction (CRE-treatment), another ten experienced only 
capture and restraint (CR-treatment), but no extraction. Generally, stress levels observed in the CRE group were 
significantly higher than those of the CR group. In the CRE group, seven individuals significantly increased, but three 
decreased the FCC after treatment, while in the CR group, eight individuals increased and two decreased the FCC after 
treatment. However, the FCC recovery time in the CRE group was significantly longer than that of the CR group. 
Furthermore, musk deer with higher baseline levels were more likely to decrease FCC after handling. Our results suggest 
that individual personality, the intrinsic stress level and poor habituation to captivity permanently increase baseline FCC, 
leading to a sensory adaptation of the HPA axis and therefore to a decreased FCC after CRE-treatment. 

Key words: Fecal cortisol concentration; Human handling; Captive breeding; Musk production; Stress hormones; 
Animal welfare. 
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INTRODUCTION 

 Wildlife species, specifically those with high 
economic value, e.g., Asian black bear (Ursus thibetanus 
(Davis et al., 2008; Foley et al., 2011)), sika deer (Cervus 

nippon (Wada et al., 2007; Meng et al., 2015) ), 
crocodiles (Crocodylus spp) (Buenviaje et al., 1994; 
Revol, 1995), European mink (Mustela lutreola) (Bonesi 
and Palazon, 2007) or musk deer (Moschus spp) (Homes, 
1999; Wu and Wang, 2006; Sheng and Liu, 2007) are 
increasingly farmed to satisfy consumer demands for 
wildlife products and to protect declining wild 
populations from further off-take. Theory suggests, that 
market-based wildlife farming—as a legal substitute for 
wild-hunted animals saturates the market with lawful, 
high-quality and affordable products, and thus facilitates 
conservation (Brown and Layton, 2001; Bulte and 
Damania, 2005; Mitra, 2005; Tensen, 2016). However, 
unnatural environmental conditions in captivity and 
routine handling procedures cause stress in animals 
reared on such wildlife farms (Morgan and Tromborg, 
2007). In recent years, the health, welfare and well-being 
of captive wildlife species have received increasing 
attention by wildlife conservationists, animal rights 
activists and captive collection managers (Moberg, 1985; 

Wielebnowski et al., 2002; Laule et al., 2003). Increased 
stress responses are hereby considered the key problem 
(Thompson, 1989; Becker and Lobato, 1997; Meng et al., 
2010; Meng et al., 2011b), affecting the physical and 
mental health of farmed animals (McEwen, 2004; 
Teixeira et al., 2007) and leading to immunity 
dysregulations (Dhabhar and McEwen, 1997; Gouin et 

al., 2008). To evaluate and mitigate the adverse effects of 
stress in captive wildlife species becomes thus 
increasingly important (Weinberg and Levine, 1980; 
Hemsworth et al., 1987; He et al., 2014). 
 Musk deer are small solitary ungulates and 
belong to a distinctive taxonomic family, the Moschidae, 
phylogenetically related to bovids rather than cervids 
(Hassanin et al., 2012). Musk deer are well known for the 
musk, a viscous substance secreted by specific glands 
located between the navel and the genitals of males 
(Homes, 1999; Wu and Wang, 2006; Sheng and Liu, 
2007). For more than 5,000 years, musk is used for the 
production of medicine in East Asian countries, but also 
as a scent fixative in perfumes and other cosmetics (Pilz, 
1997; Homes, 1999). Wild populations of musk deer have 
experienced an over-exploitation across their natural 
range resulting together with habitat loss in a drastic 
population decline in recent decades (Homes, 1999; Yang 
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et al., 2003). All musk deer species are listed in Appendix 
I or II of the Convention on International Trade in 
Endangered Species of Wild Fauna and Flora (UNEP-
WCMC, 2014), and—apart from the Siberian musk deer, 
M. moschiferus—are considered ‘Endangered’ by the 
IUCN Red List (IUCN, 2018). 
 Traditionally, musk was harvested by hunting 
and killing wild males (Yang et al., 2003), but due to 
intensive research by scientists and farming practitioners, 
methods were developed to obtain musk from live 
animals (Shrestha, 1989; Wu and Wang, 2006; Kang et 

al., 2008; Zhang et al., 2009). The new extraction method 
not only involves the capture and restraint of suitable 
males, but also requires an operator with a sterilized 
spatula to extract musk from the musk sac, a pouch-like 
invagination of glandular tissue (Zhang, 1983). Musk 
production in male musk deer is highest at the age of 1.5 
to 7.5 years, and the annual average musk extraction 
ranges from 10.72g to 13.53g per individual (Cheng et 

al., 2002). In China, musk is currently traded at around 
45,000 US$ per kilogram, which makes it more precious 
than gold (currently about 38,000 US$ per kilogram; 
(Wang et al., 2015). Since the beginning of musk deer 
farming in the 1950s, the new extraction method became 
increasingly established and is nowadays widely accepted 
and applied (Shrestha, 1998; Homes, 1999; Parry-Jones 
and Wu, 2001). Various sources (Shrestha, 1998; Homes, 
1999; Parry-Jones and Wu, 2001) reported that musk 
extraction does not impede or harm the male’s growth, 
reproduction or health. However, in practice, unskilled 
extraction of musk can cause necrosis of the musk sac 
tissue, reduced musk secretion, fierce stress responses 
and in some cases fatality (Shrestha, 1998; Wu and Wang, 
2006; Meng et al., 2011a). Musk deer are shy, timid, and 
very attentive and vigilant to human approach (Wu and 
Wang, 2006). In addition, extraction procedures are rather 
invasive, including capture, restraint or immobilization 
and extraction, the opening of the musk sac, and the 
physical removal of dried secretions. Each of these 
handling procedures directly impairs the musk deer’s 
body and typically leads to a pronounced stress response. 
Surprisingly, no study has yet reported on the effects this 
physical extraction procedure has on the endocrinology 
of farmed musk deer. Stress is a key factor when 
evaluating animal welfare in captivity (Morgan and 
Tromborg, 2007; Davis et al., 2008), and glucocorticoid 
(GC) levels are commonly considered the most effective 
index to measure the degree of stress in wildlife species 
(Möstl and Palme, 2002). GCs contain mainly cortisol 
and corticosterone, both of which are commonly 
measured to quantify the stress response in various 
wildlife and domestic livestock species. Previous studies 
highlighted that human handling such as catching, 
transportation, anesthesia, or electro-ejaculation change 
the GC level in the feces of handled animals (Crookshank 

et al., 1979; Smith et al., 1999; Palme et al., 2000; 

Morato et al., 2004; Orihuela et al., 2012), making fecal 
glucocorticoid sampling the ideal, non-invasive method 
to measure stress in wild and captive wildlife species 
(Romero and Reed, 2005). 
 In this study we determined whether musk 
harvest (including capture, restraint and musk extraction) 
from farmed male forest musk deer (Moschus 

berezovskii) triggered higher stress responses, i.e. higher 
fecal cortisol concentrations (FCC) than capture and 
restraint alone. To test this we subjected ten males to the 
extraction procedure (including capture, restraint and 
musk extraction; CRE-treatment) and another ten animals 
to only capture and restraint (CR-treatment). We tested 
the following predictions: 
 i) We expected the baseline concentration, i.e. 
the FCC prior to any treatment to be equal in both 
treatment groups. ii) Previous studies of FCC in other 
species (Cyr and Michael Romero, 2007; Linklater et al., 
2010) indicated that stress responses differ between 
individuals and that FCC occasionally decreased after 
treatment. We therefore predicted that both, CRE- and 
CR-treatment could cause a change in FCC in either 
direction but that this change will be more pronounced in 
the CRE-treatment group than in the CR-treatment group. 
iii) The FCC recovery time after treatment will be longer 
in the CRE- than in the CR-treatment group. iv) The 
recovery time will also differ between individuals with 
increased FCC and those with decreased FCC whereby it 
was expected that individuals with increased FCC have a 
longer recovery time. v) The variation of FCC will be 
higher in the CRE-treatment group than in the CR-
treatment group. vi) Variation of FCC will be higher in 
individuals that increased their FCC after treatment than 
in individuals that decreased their FCC after treatment. 
vii) Eventually, we asked whether an increase or decrease 
in FCC was depending on the individuals’ baseline FCC 
prior to handling. 

MATERIALS AND METHODS 

Study site and animals: The study was conducted in the 
Pien Tze Huang Forest Musk Deer Breeding Center 
located in Fengxian, Shaanxi Province, at the northern 
site of the Qinling Mountains in China (34˚16ʹ40.16ʺN, 
106˚47ʹ03.08ʺE). The climate is warm and temperate, 
with an average temperature of 11.4°C and an annual 
rainfall of 613.2 to 897.1 mm. The breeding center was 
established in a remote, rural area, mainly for commercial 
purpose (but also for research), providing space for more 
than 300 forest musk deer in 60 breeding units. Each 
breeding unit consists of ten wall-fenced compartments 
(2×2×3.5 m3) and one 10×8 m open-air activity space 
sealed by wire mesh to prevent escape through the top. 
Due to the pronounced territoriality in male musk deer 
(Wu and Wang, 2006; Sheng and Liu, 2007), each 
compartment contains only one adult animal older than 
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one year. Males and females are kept in separate 
compartments and meet only for mating. The musk-
secreting period of male forest musk deer in the Qinling 
Mountains reaches from May to the end of July (breeding 
season). Musk is therefore harvested at least two to three 
months after this period, i.e. during the non-breeding 
season when secretions desiccated inside the musk sac 
(Wu and Wang, 2006; Sheng and Liu, 2007). Animals 
were fed twice a day, mainly with fresh leaves (in 
summer and autumn) or dried leaves (in winter and 
spring) originating from the natural habitat of wild musk 
deer. Major food plants include Chinese sumac (Rhus 

spec., Anacardiaceae), bitterwood (Picrasma spec., 
Simaroubaceae), elm (Ulmus pumila), as well as some 
supplementary food, consisting of flour, wheat bran and 
some vegetables of the season. Water was provided ad 
libitum and all animals were kept in the same pathogen-
free environment. 

Fecal Sample Collection: The study subjects consisted 
of twenty healthy adult male musk deer aged two to eight 
years of which 10 individuals underwent capture, 
restraint, and extraction (CRE-treatment), while another 
ten were only subjected to capture and restraint, but not 
to extraction (CR-treatment). Sample collection was 
conducted between August and October. Prior to 
treatment fecal samples were taken every two days over a 
period of 20 days (app. 10g per sampling). After 
treatment, fecal samples were collected every day for a 
period of 10 days, followed by a period of 18 days during 
which samples were taken every second day (app. 10g 
per sampling). Fecal samples were collected in the early 
morning hours (between 6:00 and 8:00 am), and stored 
frozen at -20°C immediately after collection. Male musk 
deer defecate 3-6 times per day (i.e., in 24 hours), 
suggesting that fecal samples were not older than eight 
hours when collected in the morning. After that time the 
stability of the cortisol in the fecal sample was still 
sufficiently high for laboratory determination of the FCC 
(Wasser et al., 1988; Lang et al., 2013). 

Capture, restraint and extraction: The capture and 
restraint procedures were carried out as follows: the male 
musk deer was expelled from his compartment into a 
wooden box measuring 80×20×60 cm3. Opening the box 
from the rear side, an animal keeper grabbed the hind 
legs, pulling out the animal while quickly grabbing the 
fore legs. The male was then laid on its back across the 
legs of a sitting keeper. Two additional persons assisted, 
one by constraining the rear legs of the animal, another 
one holding forelegs and head to prevent potential 
injuries caused by the fangs. Musk extraction was 
conducted by a specialized veterinarian who inserted a 
spatula through the orifice into the musk sac to extract the 
musk (Fig. 1). Due to the limited size of the orifice, this 
action was repeated several times. After extraction was 
completed, the orifice of the musk sac was treated with 

antibiotic ointment. The handling time for each animal 
was limited to 12 minutes, meaning the animal was 
released, even though the extraction was not terminated. 
All CR-treatment animals were subjected to the same 
procedures, except that no spatula was inserted into the 
musk sac and no musk was extracted.  

Fecal cortisol extraction and determination: The 
individual fecal cortisol concentration (FCC) was 
determined as described in Isobe et al. (2005) and 
Capezzuto et al. (2008) with minor modifications(Isobe 

et al., 2005; Capezzuto et al., 2008) . In brief, undried 
feces (0.5 g ± 10 mg) were weighed and placed in a 15 ml 
centrifuge vial. 5 ml of 90%-ethanol were added and 
incubated for 20 minutes. Subsequently, the mixture was 
centrifuged at 2500 rpm for 20 minutes. The supernatant 
was then transferred to a capped vial, another 5 ml of 
90% ethanol was added to the 15 ml centrifuge vial, 
followed by one minute vortexing and centrifugation at 
2500 rpm for 15 minutes. Both supernatants were 
recovered and combined, dried and re-dissolved in 1 ml 
methanol, the solution was vortexed for one minute and 
stored at -20°C until assayed. Simultaneously, the water 
content of fecal samples was calculated (after drying 
fecal samples in an oven at 60°C for eight hours), and 
used to adjust the final fecal steroid concentration. To 
determine the final FCC, Enzyme-Linked Immunosorbent 
Assays (ELISA) were applied. Prior to conducting ELISA 
tests, the methanol solution was thawed and diluted by 
1:50 in phosphate buffer saline (PBS). The cortisol 
antibody and horseradish peroxidase were produced in 
CalBioreagent (Cat. No. M344 and C133). Cross 
reactivity of the antibody with other steroids was low (11-
Deoxycortisol: 0.9%, Prednisolone: 5.6%, 
Corticosterone: 0.6%, 11-Deoxycorticosterone: <0.1%, 
Progesterone: <0.1%, 17-hydroxyprogesterone: <0.1%, 
Testosterone: <0.01%, Estradiol: <0.1%, Estriol: <0.1%, 
and Danazol: <0.01%). The range of the assay was 
estimated as15.6-1,000pg/ml. Intra- and inter-assay 
coefficient of variance (CV) were <8% and <10%, 
respectively.  

Data analysis: In a first step we established the fecal 
cortisol (FC) baseline concentration, i.e., the 20 days 
average FCC for each individual before treatment (10 
days x 10 animals = 100 samples per treatment). 
Individual baseline means were calculated using an 
iteration process by which all peak values with 2 SD 
above the mean were excluded. Mean values were 
recalculated until all extreme values were omitted 

(Moreira et al., 2001; Yu et al., 2011). Subsequently, we 
tested for differences in the FC baseline concentrations 
between CRE- and CR- treatment. In a second step we 
tested whether the increased (or decreased) FCC after 
treatment differed between the CRE- and the CR-
treatment groups (compared to baseline concentration). 
Individuals with lowered FCC for three consecutive days 
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after treatment were regarded as having decreased FCC, 
while all others were classified as having increased FCC 
after treatment. We also tested for differences in the 
recovery time between CRE- and CR-treatment groups 
and between individuals with increased FCC after 
treatment and those that decreased the FCC after 
treatment. We further established the FCC variation range 
from the highest FCC to the lowest for both treatment 
groups. Subsequently, we tested for differences in the 
variation between CRE- and CR-treatment groups and 
between individuals that increased the FCC after 
treatment and those that decreased the FCC after 
treatment. Eventually, we tested whether individuals with 
increased FCC after treatment (including CRE- and CR-
treatment) differed in their baseline FCC from those 
individuals with decreased FCC. Prior to statistical 
analysis, all data sets were tested for normality 
(Kolmogorov-Smirnov test) and homogeneity of 
variances (Levene’s test). Accordingly, we used either an 
independent samples t-test or a Mann-Whitney U test to 
test differences between variables. Results were 
considered significant if P ≤ 0.05. Statistical analyses 
were conducted using SPSS Version 22.0 and Origin 8.0 
for Windows. 

RESULTS 

 The average baseline cortisol level of the CR-
treatment group (N = 10) was 47,326.7 ± 3,000.4 pg/g 
feces and 47,769.9 ± 3,805.0 pg/g feces in the CRE-
treatment group (N = 10). As expected, there was no 
significant difference between the two groups 
(Independent samples t-test: t18 = -0.091, P = 0.928). 
Following treatments, the mean FCC of the CRE-
treatment group was 54,432.6 ± 1,041.3 pg/g feces (max. 
FCC: 129,009.5 pg/g feces), while that of the CR-
treatment group was 48,163.4 ± 663.3 pg/g feces (max. 
FCC: 80,620.8 pg/g feces). This increase of FCC 
confirms that both, the CRE- and the CR-treatment 
groups, showed hormonal stress responses after handling 
(Table 1).  
 After different treatments, the FCC measured in 
the CRE-treatment group increased more than that the 
rise observed in the CR-treatment group (Mann-Whitney 
U test: Z = -4.79, P < 0.01). Having a closer look at the 
data, fifteen individuals significantly increased their FCC 
during the first few days after treatment. Out of these, 
seven individuals were subjected to CRE-treatment (Fig. 
2A) and eight individuals were subjected to CR-treatment 
(Fig. 2C) (CRE baseline: 41745.8 ± 3269.8 pg/g feces, 
CRE after treatment [4 days]: 66109.2 ± 4139.3 pg/g 
feces, Independent samples t-test: t 33 = -2.861, P < 0.01; 

CR baseline: 43692.4 ± 2243.5 pg/g feces, CR after 
treatment [3 days]: 54594.7 ± 2148.4 pg/g feces, 
Independent samples t-test: t30 = -2.750, P < 0.05), but 
thereafter the FCC of these fifteen individuals gradually 
declined to baseline concentration. Compared to the 
baseline FCC, three individuals subjected to CRE-
treatment (Fig. 2B) and two individuals subjected to CR-
treatment (Fig. 2D) significantly decreased the FCC after 
treatment (CRE baseline: 61825.9 ± 1095.6 pg/g feces, 
CRE after treatment [4 days]: 53415.9 ± 1000.5 pg/g 
feces, Mann-Whitney U test: Z = -2.052, P < 0.05; CR 
baseline: 61863.8 ± 96.3 pg/g feces, CR after treatment [3 
days]: 51146.16 ± 1328.7 pg/g feces, Mann-Whitney U 
test: Z = -1.862, P = 0.063). 
 Comparing the time (days) during which the 
FCC was above (or below) the mean ± 2 SD, indicates 
that the FCC recovery time (mean ± SD) under CRE-
treatment lasted significantly longer than under CR-
treatment (CRE: 10.60 ± 1.21 days; CR: 3.90 ± 0.90 
days, Independent samples t-test: t18 = 4.436, P < 0.01). 
In the CRE-treatment group, seven individuals with 
increased FCC required a significantly longer recovery 
time than the three individuals with decreased FCC 
(increased FCC group: 12.43 ± 0.53 days, decreased FCC 
group: 6.33 ± 2.67 days, Mann-Whitney U test: Z = -
2.438, P < 0.05; Fig. 3). However, in the CR-treatment 
group, no difference was found between the eight 
individuals with increased FCC and the two individuals 

with decreased FCC (increased FCC group：3.75 ± 1.13 

days, decreased FCC group: 4.50 ± 0.50 days, 
Independent samples t-test: t8 = -0.32, P = 0.76; Fig. 3). 
 Post-treatment FCC variation (mean ± SD) in 
the CRE-treatment group was significantly higher than in 
the CR-treatment group (CRE: 42175.15 ± 6069.11 pg/g 
feces, CR: 27154.92 ± 1856.14 pg/g feces, Independent 
sample t-test: t18 = 2.37, P < 0.05). In the CRE-treatment 
group, seven individuals with increased FCC showed 
significantly higher variation than the three individuals 
with decreased FCC (increased FCC group: 48432.54 ± 
7447.83 pg/g feces, decreased FCC group: 27574.57 ± 
3456.84 pg/g feces, Mann-Whitney U test: Z = -2.17, P < 
0.05). However, in the CR-treatment group, the eight 
individuals with increased FCC had a similar FCC 
variation as the two individuals with decreased FCC 
(increased FCC group: 26481.08 ± 2243.59 pg/g feces, 
decreased FCC group: 29850.30 ± 2238.80 pg/g feces, 
Independent sample t-test: t8 = -0.71, P =0.50; Fig. 4). 
The five individuals with decreased FCC had a 
significantly higher baseline FCC (61841.10 ± 600.96 
pg/g feces) compared to the fifteen individuals with 
increased FCC (42784.00 ± 1883.60 pg/g feces, Mann-
Whitney U test: Z = -3.27, P < 0.01). 
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Figure 1. Extraction of musk from a living male forest musk deer (Moschus berezovskii) carried out by a 

specialized veterinarian and the help of two animal keepers. 
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Figure 2. Mean FCC progression in male musk deer after CRE- (A, B) and CR-treatment (C, D). Seven 

individuals significantly increased FCC during the first four days after CRE-treatment (A), while in three 

other animals FCC significantly decreased after the treatment (B). In eight individuals FCC significantly 

increased during the first three days after CR-treatment (C), while in two other individuals FCC 

significantly decreased after treatment (D). Note that day ‘0’ represents the baseline FCC before 

treatment. 

 

  
Figure 3. Mean recovery time during which the FCC 

was above (or below) the mean ± 2 SD for 

individuals with increased and decreased FCC 

in both treatment groups (CRE- and CR-

treatment). 

Figure 4. Post-treatment variation in the FCC for 

individuals with increased and decreased FCC 

in both treatment groups (CRE- and CR-

treatment). 
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Table 1. Individual baseline concentration, maximum and minimum FCC after CRE- or CR-treatment. 

 

 Individual Baseline FCC 

(pg/g) 

max. FCC  

after treatment 

(pg/g) 

min. FCC  

after treatment 

(pg/g) 

Cortisol 

response 

CRE 1 29888.8 58894.0 22102.0 increased 
2 34460.7 65353.7 33654.5 increased 
3 36837.0 80796.4 38794.6 increased 
4 40975.5 89247.4 43088.3 increased 
5 47546.7 129009.5 39042.8 increased 

6 48413.4 94792.5 40442.3 increased 

7 54098.7 84641.3 46582.5 increased 
8 60264.7 68534.9 44476.3 decreased 
9 61274.9 68881.6 34393.7 decreased 
10 63938.2 67265.5 43088.3 decreased 

CR 1 33318.0 52655.1 27287.0 increased 
 2 39756.0 66929.3 34835.3 increased 
 3 40871.9 58648.8 32077.0 increased 
 4 42924.0 62710.0 38851.5 increased 
 5 44192.5 54534.9 34526.0 increased 
 6 46264.7 68007.0 36111.1 increased 
 7 47018.8 53434.9 36645.9 increased 
 8 55193.3 80620.8 45358.4 increased 
 9 61767.5 67790.7 40179.2 decreased 
 10 61960.2 65016.5 32927.4 decreased 

 

DISCUSSION 

 Extraction of musk from living musk deer is 
essential to supply legal markets and to satisfy consumer 
demands, while at the same time benefitting the 
conservation of wild musk deer (Wu and Wang, 2006). 
Musk harvest is usually conducted once a year, inevitably 
causing discomfort for the treated animal. No study has 
yet reported on the potential adverse effects of musk 
extraction on the behavior and physiology of male musk 
deer. In this study, endocrinology of the short-term effects 
of CRE- vs CR-treatment were investigated by measuring 
fecal cortisol levels. In most cases the FCC significantly 
increased after CRE- and CR-treatment, verifying that 
human handling indeed inflicts stress responses on musk 
deer (Table 1). Stress responses due to human handlings 
were also reported from domestic animal species such as 
pig (Sus scrofa)(Prunier et al., 2005), sheep (Ovis 

aries)(Hargreaves and Hutson, 1990) and cattle (Bos 

taurus)(Palme et al., 2000), or from captive wildlife 
species like Fijian ground frog (Platymantis vitiana) 
(Narayan and Hero, 2011) and cheetahs (Acinonyx 

jubatus) (Wells et al., 2004). Apart from human handling, 
the solitary, timid and vigilant character of forest musk 
deer contributes to the increasing FCC. Musk deer retain 
these traits although they were held in captivity for 
generations (Wu and Wang, 2006; Sheng and Liu, 2007). 
 In our study we could show, that different 
handlings can cause different stress levels or stress 

response. With regard to the overall FCC (Table 1), the 
recovery time (Fig. 3) and the FCC variation (Fig. 4), the 
CRE-treatment had generally a stronger effect on male 
musk deer than the CR-treatment, although no differences 
in the initial stress level were observed. Stronger stress 
responses after CRE-treatment were owed to the anatomy 
of the musk gland. This essential organ produces the 
musk, an important sexual ecto-hormone used to mark 
the territory and to attract females during the mating 
season (Wu and Wang, 2006; Sheng and Liu, 2007). 
When excreted, fresh musk is a viscose, ropy paste, but 
after two to three months of drying inside the musk sac it 
turns into a brown, solid, waxy substance attached to the 
wall of the musk sac. During extraction a spatula is 
repeatedly inserted through the orifice to scrape off the 
dry musk from the wall of the musk sac (Fig. 1). The wall 
comprises of delicate tissue pervaded with numerous 
small blood vessels and nerves (Wu and Wang, 2006), far 
more sensitive than other body parts impaired during 
capture or restrain. The aggravating stimulation of this 
sensitive tissue activates the hypothalamus pituitary 
adrenocortical (HPA) axis and thus increases the cortisol 
production more than during CR-treatment. Studies on 
domestic ungulates reported similar results suggesting 
that different handling procedures lead to different stress 
responses. For example, during the well-studied 
procedure of sheep shearing, only the shearing itself 
elicited an increase of the plasma cortisol concentration 
while capture and restrain did not lead to increased stress 
responses (Pierzchala et al., 1983). The authors showed 
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that the same handling procedure caused different 
individual stress responses, largely depending on the 
individuals’ personality and on its physiological stress 
status prior to handling (Kralj-Fišer et al., 2009). 
Although our study confirmed these findings, five 
individuals did not increase their FCC after treatment, but 
significantly decreased the FCC (Fig. 2B, D). Moreover, 
individuals with decreased FCC after CRE-treatment had 
shorter recovery times (Fig.3) and smaller FCC variation 
than individuals with increased FCC after treatment 
(Fig.4). This pattern, however, was not apparent in the 
CR-treatment group, with no significant difference 
between increased and decreased FCC (Figs. 3, 4). Since 
the CRE-treatment was a stronger stressor to male musk 
deer than the CR-treatment, the obvious difference 
between individuals with increased and decreased FCC 
became more apparent. Meanwhile, the HPA axis in 
individuals with increased FCC was more inclinable and 
sensitive than in individuals with decreased FCC, causing 
individuals with increased FCC to have longer recovery 
times and higher FCC variation than individuals with 
decreased FCC. Most noteworthy is that individuals 
with decreased FCC had a higher initial stress level than 
those with increased FCC. The physiological mechanisms 
behind stress responses are still under debate. Several 
studies confirmed that an increased FCC reflects negative 
stress responses (Wielebnowski et al., 2002; Nephew and 
Romero, 2003), while the decline of FCC was interpreted 
rather as an acclimation process (Millspaugh et al., 2007; 
Franceschini et al., 2008). Miller et al. (2007) suggested 
that chronic stress can both increase and decrease the 
activity of the HPA axis and thus increase or lower the 
FCC. This depends mainly on the course and the duration 
of the stress stimulus as well as on the baseline FCC 
(Miller et al., 2007). In this study, the opposing direction 
of the HPA axis activity can be most likely attributed to 
different initial stress levels prior to the treatment. 
Individuals that increased FCC after treatment may have 
been better habituated to the captive surroundings, so 
their lower FCC baseline levels increased when they were 
subjected to abrupt CRE- or CR-treatments. Individuals 
that decreased FCC after treatment had higher baseline 
concentrations due to maladaptation to captivity or their 
more timid and vigilant personality. A new or strong 
stressor such as the CRE- and CR-treatments resulted in 
an intense stress stimulus, but due to the sensory 
adaptation of the HPA axis the intensity of the stress 
response was inhibited and the FCC even decreased. 
After seven to nine days though, the HPA axis regained 
reactivity and the FCC increased back to baseline level. 

 Nowadays, the extraction of musk from living 
animals—including related procedures such as capture 
and restraint—are common routine. In order to minimize 
welfare issues and to improve the health of captive musk 
deer, it is imperative to apply the best code of practice. 
This study is the first systematic approach, quantifying 

the stress responses of male musk deer to musk extraction 
procedures and, based on that, provides the following 
facts and recommendations to improve the wellbeing of 
musk deer in captivity: 
(1) Musk extraction and related handlings have both 

a strong effect on the stress response of male 
musk deer. However, this response is less 
pronounced if only capture and restrain are 
performed. 

(2) The first four to six days after treatment 
represent the period with the most intensive 
stress response, suggesting that musk deer 
should be held under strict silence and privacy 
during this period—food and water ought to be 
provided before returning to their compartment. 

(3) The direction of the stress response depends on 
the personality and thus on the baseline FCC of 
each individual. However, individuals with 
decreased FCC after treatment recover faster and 
show less variation than individuals with 
increased FCC. 

(4) New born males should undergo a well-
structured habituation process as suggested by 
(Wang et al., 2016). This will help avoiding 
maladaptation to captivity and high permanent 
baseline levels. 

(5) All extraction operations must be as short as 
possible and carried out by an experienced 
veterinarian to minimize over-sensitization of 
the musk sac wall. 
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