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Abstract

Since the 1950s musk deer (Moschidae) are kept in captivity for the production of musk, a

glandular secretion used in Chinese traditional medicine and as an ingredient in cosmetics. Most

recently, forest musk deer (Moschus berezovskii) raised in captivity were reintroduced into the

wild to augment depleted wild populations. The most prominent behavioral and social

characteristics of musk deer are anxiety, a timid, solitary lifestyle and territoriality, making

musk deer difficult to breed. Individual differences in the personality of captive male musk deer

could allow breeders to sort bold individuals that are suitable for commercial farming from

those with a shy and more timid personality suitable for reintroduction. We attempted to identify

what behavioral variables and what novel stimulus tests are the most effective to characterize

whether an individual is bold or shy. To measure boldness in 31 adult males, we used a two-

step approach: i) using a Principal Component Analysis to identify reference behaviors that are

indicative of either a shy or a bold personality, and ii) to establish individual boldness scores

based on those reference behaviors and compare them between four novel stimuli. Two ‘bold

PCs’ with high axis loadings from behaviors that are typical for curiosity, territorial marking or

that represent the ordinary daily activity of a ruminant were obtained, as well as three ‘shy PCs’

that obtained high axis loadings from behaviors that are typical for anti-predator responses,

intimidation or displacement behavior.

Although all tested stimuli were verified suitable, the unfamiliar human being was the strongest

stimulus to test boldness, followed by leopard feces, the beach ball and the leopard dummy.

Using cluster-analysis, nearly three quarter of tested individuals were identified as shy, while

only one quarter was classified as bold. Previous studies on poultry and domestic ungulates,
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demonstrated that through continued selective breeding for boldness, the overall personality in
the population is driven towards a calm temperament in the majority of the individuals. This
might be beneficial for musk production but will have adverse effects on successful

reintroductions due to reduced individual fitness and domestication effects.

Key words: boldness—shyness continuum; novel stimuli test; commercial farming;

reintroduction, boldness score
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Introduction

The consistency of individual behavior differences across time or context is a phenomenon

commonly described as an individuals’ personality or temperament (Dall et al., 2004; Reale et

al., 2007; Hedlund and Lovlie, 2015). Animal personalities play an important role in population

ecology as well as in evolutionary and ecological processes (Wolf et al., 2007; Sih et al., 2012;

Wolf and Weissing, 2012). Empirical data revealed that individual personalities are closely

related to an individual’s life-history (Dammhahn, 2012; Guenther, 2018), its reproductive

success (Armitage and Van Vuren, 2003; Reale et al., 2009) and overall fitness (Bremner-

Harrison et al., 2004; Greenberg and Holekamp, 2017). Recently, an increasing number of

studies have investigated animal personalities (Perals et al., 2017) and swift progress has been

made, not only in theory but also in the application of personality traits in animal welfare and

conservation (Bremner-Harrison et al., 2017). Five major metrics are frequently used to

describe the consistency of personality in animals, i.e. boldness vs shyness (caution),

exploration vs avoidance, activity, aggressiveness, and sociability (Reale et al., 2007). The

boldness—shyness continuum (Wilson et al., 1994; Reale et al., 2007) represents the

fundamental axis of behavioral variation(Wilson et al., 1994) and its study became increasingly

popular in recent years, including a wide array of animal taxa such as insects (Schuett et al.,

2018; Tan et al., 2018), fish (Jolles et al., 2015; Jolles et al., 2016; Nielsen et al., 2018),

amphibians (Kelleher et al., 2018), reptiles (Ward-Fear et al., 2018), birds (Williams et al., 2012;

Cole and Quinn, 2014) and mammals (Noer et al., 2015; Greenberg and Holekamp, 2017;

Bubac et al., 2018; Myers and Young, 2018; Santicchia et al., 2018; Breck et al., 2019). Novel

stimuli tests are hereby a commonly used method to determine the degree of an individuals’
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boldness or shyness (Bremner-Harrison et al., 2004; Sinn et al., 2014; Blaszczyk, 2017; Myers

and Young, 2018).

Musk deer (Moschidae) are small forest-dwelling ruminants, endemic to central and East Asia.

Illegal poaching for musk and habitat loss have reduced wild musk deer populations to only 3

to 5% of their historical population size in the 1960s (Sheng, 1996; Yang et al., 2003).

Counteracting this dramatic decline of wild musk deer and reducing the human pressure on

wild populations, China has instigated the captive breeding of musk deer (Meng et al., 2006).

The most commonly bred species is the forest musk deer (Moschus berezovskii; hereafter

referred to musk deer), with currently about 20,000 individuals in captivity (Hu pers. com.).

According to the conservation objectives formulated by the Chinese government (He et al.,

2014b; Wang et al., 2019), farmed musk deer should not only be kept to expand the captive

stock for musk production and to satisfy ever increasing consumer demands (Li et al., 2012),

but also to provide founder animals for reintroduction and to augment depleted wild populations.

Musk deer are solitary, territorial, small-sized, browsing ungulates that are highly susceptible

to stress and stress-related illnesses, a suite of characteristics that make captive breeding

challenging (Meng et al., 2006; Wu and Wang, 2006; Sheng and Liu, 2007; Jiang et al., 2012).

Musk deer are particularly prone to disturbance, which causes stress, physical tension and

suppressed immunity (He et al., 2014a), restraining thus the development of captive populations

(Li et al., 2012; He et al., 2014b). Attempts to improve captive breeding included different

aspects of the species’ biology, such as behavior (Wang et al., 2016a), nutrition (Wang et al.,

2013; Wang et al., 2015), reproduction (Lang et al., 2012; Wang et al., 2016b), or disease control

5
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(Hu et al., 2016; Wei et al., 2016; Hu et al., 2018). Despite intensive research and management,

the desired success to reduce stress responses and thus improve breeding conditions failed.

Individual differences in the personality of captive musk deer will determine the animals’ ability

to adapt to the condition in captivity, with artificial, selective pressures favoring bold

individuals with traits more suited to captive conditions than shy individuals (McDougall et al.,

2006). Vice versa, animals with a shy and timid personality are less well adapted to

anthropogenic disturbance in captivity but are more suitable for the release into the wild with

higher survival rates than bold individuals (Bremner-Harrison et al., 2004). Retaining the

natural behavior and social organization of endangered species kept in captivity is an essential

prerequisite for successful reintroduction programs (IUCN/SSC, 2013). However, the gradual

process of habituation and domestication in captive stock bred for reintroduction is detrimental

for a successful reintroduction (He et al., 2014a). Research on personality traits of musk deer

in captivity is therefore fundamental for the establishment of scientific conservation programs

and successful reintroductions, but also for refining breeding success and musk production. In

our study we therefore attempted to design an easily applicable method to find what behavioral

variables and which novel stimuli are the most effective to characterize whether an individual

is bold or shy. This will enable musk deer breeders to separate individuals with a bold

personality, suitable for captive breeding, from those that are rather shy and timid, and thus

suitable for reintroduction. In our two-way approach, we first defined behaviors that are

characteristic for bold and shy personality in male forest musk deer, using Principal Component

Analysis (PCA) on four novel stimuli. In a second step we used individual boldness scores to

develop an easy applicable method for breeders to distinguish bold from shy individuals.
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Material and methods

Study site and test animals

Our study was carried out in Shaanxi Pien Tze Huang Forest Musk Deer Breeding Center,

located in Fengxian County in Shaanxi Province, China (34°16'40.16"N, 106°47'03.08"E). The

center comprises 80 breeding units and retains a total of about 400 musk deer. Each unit consists

of a communal outdoor activity space (4x10 m) and five retreat compartments to isolate

individuals (each 2x2 m). Each unit was fenced by a 2.5 m high fence to prevent escape. Novel

stimuli tests (see below) were conducted in the outdoor activity space, an area where mating

takes place and in which musk deer are permitted to move freely once a week (Fig. 1A). Test

individuals were therefore familiar with, and well habituated to this activity space. Since only

sexually mature males produce musk (Wu and Wang, 2006; Sheng and Liu, 2007), we selected

only individually identifiable, adult males, aged three to six years for our experiments.

Moreover, to increases the survival rate of musk deer in captivity, young musk deer remain with

their mothers beyond weaning age, i.e. until they have reached their reproductive age. Female

musk deer usually deliver twins and separating the subadults from their kin would cause

additional distress which would bias the testing of suitable for personality traits. During the test

period, diet was provided according to standard protocol, i.e. food and water were put on the

ground allowing the test individuals to feed ad libitum (He et al., 2014b). Diet comprised mainly

of fresh leaves from local trees and shrubs, such as trident maple (Acer buergerianum),

chinaberry (Melia azedarach), mulberry leaf (Morus alba) and elm (Ulmus pumila). Prior to

each test, test animals were not fed for 12 hours.
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Novel stimulus tests

Four separate stimulus tests were conducted with four novel stimuli located in the center of the
activity space. Stimulus 1: a 1.5 m long leopard dummy (Fig. 1B), stimulus 2: a beach ball (1
m diameter, colorful; Fig. 1C), stimulus 3: fresh leopard feces (collected from Beijing Zoo and
cryopreserved), and stimulus 4: an unfamiliar human being sitting immobile on a chair in the
center of the activity space. The person was not a member of staff of the breeding center and
thus unknown to the test animals. Moreover, the person was dressed in different color clothing
compared to that commonly used by members of staff. None of these stimuli was ever presented
to musk deer before the tests were carried out. The order of the four tests was random and

changed throughout the study period.

Experimental procedures

Tests were carried out from 20" July to 10™ August 2015 (first round: R1) and from 30™ August
to 15™ September 2015 (second round: R2). During this time of the year, female musk deer are
either pregnant or lactating, i.e. they are together with their last off-spring, and males have
accumulated enough musk in their musk pouch to be harvested (Mengyuan et al., 2018). We
chose 31 adult males as our test subjects, originating from nine different breeding units. In total
we carried out 248 tests (31 animals x 4 stimuli X 2 rounds) in the activity space of the
respective breeding unit. To ensure that behavioral observations were representative, tests were
conducted from 6:00 to 9:00 and from 16:00 to 20:00, i.e. at dusk and dawn when musk deer

are most active (Wu and Wang, 2006; Sheng and Liu, 2007). Each activity space was monitored
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by video cameras surveying the whole area. After completing the test set-up (see above), the

test individual was released from its retreat compartments into the activity space and the door

was closed immediately to prevent the animal from returning to the compartment. After the

individual arrived at the activity space, a three minutes acclimatization period elapsed before

recording was started. This relatively long acclimatization period was necessary, due to the

timid and skittish character of musk deer, making them easily stressed and prompting them to

perform fiercely during first three minutes after release from their retreat compartments. This

was also the reason why each stimulus test lasted for 60 minutes. A shorter test period would

be insufficient to identify the personality because the performances of different individuals

would be biased towards behaviors indicating stress and anxiety, such as wall-jumping,

urination and walking forth and back. All four stimulus tests were carried within one day, but

each test individual was subjected to only one test series per day. Once the test subject was

released into the activity space, it had no visual contact with any other FMD. Experiments were

temporarily stopped during inclement weather conditions such as rain or temperatures below

20°C.

Behavioral records

Video recordings were analyzed off-site using a personal computer and either the frequency or

duration of each behavior was determined for each individual during each test. In total 15

behavior variables were distinguished (Table 1). Apart from three behaviors that were measured

as frequencies (pawing, wall jumping, snorting), all others were established as durations. At the
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end of the experiments, we determined the shortest distance observed between the test

individual and the stimulus during each test using marks on the ground for orientation.

Statistical Analysis

Prior to our statistical analyses, durations (or frequencies) of all 16 behaviors and the distance

to the stimulus were z-transformed to standardize data dimensionality (mean = 0, SD = 1).

Subsequently, the durations (or frequencies) were condensed trough a factor reduction

procedure (i.e. principal components analysis based on a correlation matrix) using the varimax

rotation option. The resulting principle components (PCs) with an eigenvalue > 1.0, were used

as explanatory variables to test for statistical differences among the four stimuli (leopard

dummy, beach ball, fresh leopard feces, unfamiliar human being) using a Kruskal-Wallis one-

way ANOVA. Dunn’s multiple pairwise comparisons adjusted by Bonferroni correction, were

applied to test for pairwise difference of each behavior between stimuli.

Previous studies using stimulus tests in mammalian species (ungulates: Romeyer and Bouissou,

1992; Bergvall et al., 2011; MacKay et al., 2014), primates: Carter et al., 2012; Blaszczyk, 2017

or carnivores: Bremner-Harrison et al., 2017; Myers and Young, 2018) recommended three

major reference behaviors (i.e. feeding, sniffing towards the stimulus, and approaching the

stimulus) and the distance to the stimulus to be indicative for a bold personality. These

recommendations were further supported by the results of our principal component analysis

(see below), and therefore used as reference behaviors to assign boldness scores. Individual

boldness scores were calculated for each reference behavior and for each novel stimulus, using

10
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the following formula: (Bs = (D — min) / (max — min) / N), whereby Bs represents the boldness

score, D the mean duration (or frequency), min the lowest duration (or frequency), max the

highest duration (or frequency), and N the total number of individuals. The resulting values

were rounded up to integers and averaged across all reference variables to obtain one boldness

score for each male and each novel stimulus. Thereby, we considered the variance in the

population, allowing an animal to be ranked differently for a set of reference behaviors and

ensuring the top score and the bottom score to be statistically different (Vandenheede and

Bouissou, 1993a; b). Boldness scores were tested for differences between novel stimuli using

a Kruskal-Wallis ANOVA. Dunn’s multiple pairwise comparisons adjusted by Bonferroni

correction, were applied to test for pairwise difference of each behavior between stimuli. To

test for repeatability, boldness scores were further evaluated using Kendall’s coefficient of

concordance (Siegel, 1956) determining whether coherence of individual behaviors prevailed

between novel stimuli tests.

To test whether behavioral PC values obtained from Principal Component Analysis and

boldness scores corresponded, we used a Spearman rank correlations independently for each

stimulus. Based on individual boldness scores, we conducted a hierarchical cluster analysis to

visualize the grouping patterns obtained from hierarchical clustering (dendrogram) and to

partition the boldness scores of 31 male musk deer into two clusters (i.e. bold and shy). To test

for differences between groups obtained from cluster analysis we used a Mann-Whitney U tests.

Apart from hierarchical cluster analysis (performed using the ‘factoextra package’ in R), all

other statistical analyses were conducted using SPSS version 22.

11
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Ethics approval

This study was approved by the Ethics Committee of Beijing Forestry University, Beijing,

China; Pien Tze Huang Pharmaceutical Corporation, Zhangzhou, China; and Pien Tze Huang

Forest Musk Deer Breeding Center, Shaanxi, China. This study was also carried out in

accordance with the recommendations of the Institution of Animal Care and the Ethics

Committee of Beijing Forestry University. All test procedures were performed with the help of

an expert veterinarian, and all efforts were made to minimize suffering. All procedures were

reviewed and approved by the State Forestry Administration of China and were performed in

accordance with the US Animal Welfare Act.

Results

Behavioral responses

Fifteen behavioral responses, observed in 31 male musk deer, were established as mean

durations, mean number of events, as the mean shortest distance to the stimulus object and as

percentage proportion for each of the four stimuli (Table 2). Behaviors that were performed in

less than 50% of all males, included tail rubbing, ruminating, wall-jumping, urination, walking

forth & back, pawing and snorting, the latter two only in the stimulus test using an unfamiliar

human being.

Identification of behaviors indicative for bold or shy personality

12
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The five resulting principle components (PCs) with an eigenvalue > 1.0, explained 62.41% of
the total variance (Table 3). PCI1 received high positive factor loadings from approaching,
sniffing, tail rubbing, defecation and a negative factor loading from distance to the stimuli
(Table 3). These behaviors are characteristic for a bold personality as they stand for the curiosity
of an individual and its requirement to mark the territory. PC2 received high positive factor
loadings from misgiving, walking for & back, urination, wall-jumping, snorting and a negative
loading from resting (Table 3). These behaviors are characteristic for a shy personality as they
stand for anxiety and a pronounced flight response. PC3 received high positive factor loadings
from staring & gazing, urination, pawing, misgiving and urination, also indicating a shy
personality (Table 3). PC4 received high positive factor loadings from ruminating, feeding,
resting and comfort behavior (Table 3). These behaviors are characteristic for a bold personality
as they indicate relaxation and comfort. Lastly, PC5 received high positive factor loadings from

staring & gazing, again a behavior that is indicative of fear and carefulness (Table 3).

Testing reference variables between stimuli

A Kruskal-Wallis one-way ANOVA revealed a strong significant difference between
novel stimuli for all PCs (PC1: H = 19.01, N = 124, P < 0.001, PC2: H = 13.13, N =
124, P <0.001, PC3: H=4.48, N =124, P =0.21 > 0.05, PC4: H=20.45, N =124, P
<0.001, PC5: H=26.35, N =124, P <0.001). For PC1, a post-hoc multiple comparison
procedure showed that an unfamiliar human being (mean + SE: -0.51 + 0.12) triggered
significantly fewer bold responses (approaching, sniffing, tail rubbing, defecation) and
larger distances to the stimulus than a leopard dummy (mean = SE: 0.24 + 0.26) or fresh

13



262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

leopard feces (mean = SE: 0.37 + 0.14; Fig. 2A). All other pairings did not show
significant differences. For PC2, the post-hoc test revealed an unfamiliar human being
(mean £ SE: 0.76 = 0.30) to trigger significantly more shy behaviors (walking for &
back, wall-jumping, snorting) than the leopard dummy (mean + SE: -0.27 £ 0.09) or a
beach ball (mean = SE: -0.27 = 0.07; Fig. 2B), while all other pairings did not show
significant difference. For PC3, the post-hoc analysis demonstrated that and the
unfamiliar human being (mean + SE: 0.59 + 0.33) triggered stronger responses of shy
behavior (pawing, misgiving and urination) than all other stimuli (mean + SE leopard
dummy: -0.16 * 0.04, beach ball: -0.26 + 0.05, fresh leopard feces: -0.17 £ 0.04; Fig.
2C). For PC4, the post-hoc analysis revealed fresh leopard feces (mean + SE: -0.34 +
0.11) and an unfamiliar human being (mean + SE: -0.38 £ 0.12) to trigger significantly
less bold behavior (ruminating, feeding, comfort behavior and resting) than the leopard
dummy (mean + SE: 0.45 £ 0.25) or the beach ball (mean = SE: 0.27 + 0.16; Fig. 2D).
No significant differences were detected between the other pairings. For PC5, the post-
hoc analysis indicated an unfamiliar human being (mean = SE: 0.67 + 0.26) and fresh
leopard feces (mean = SE: -0.59 + 0.08) to trigger significantly stronger shy responses
(staring and gazing) than the leopard dummy (mean £ SE: -0.07 + 0.14) or the beach
ball (mean £ SE: -0.02 + 0.12; Fig. 2E), while all other pairings did not show significant

differences.

Boldness scores

14
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Mean (+ SE) individual boldness scores were 9.91 + 0.69 for the leopard dummy, 10.30 + 0.57
for the beach ball, 12.01 £0.71 for fresh leopard feces, and 8.41 = 0.74 for the unfamiliar human
being. Overall, mean (= SE) boldness scores showed a statistically significant difference
between the four novel stimuli tests (One-way ANOVA: F=4.73, N=31, P<0.01). A post hoc
pairwise comparisons procedure (LSD; P < 0.05) revealed the leopard dummy to be

significantly different from a strange human being and from fresh leopard feces (Fig. 3).

Kendall’s coefficient of concordance (W =0.468, 42

30 — 80.37, P <0.01), indicated a

coherence between individual boldness scores i.e. the individual boldness ranking of each of

the 31 males remained the same, regardless of which stimulus test was used.

Spearman rank correlations between PC values obtained from Principal Component Analysis
and the corresponding boldness score revealed significant positive relations for all variables
included in PC1 (sniffing, approaching, tail rubbing, defecation and the nearest distance to the
stimulus) across all novel stimuli (Table 4). By contrast, the second PC indicating a bold
personality, i.e. PC4 (ruminating, feeding, comfort behavior, resting) did not reveal any
correlation with the corresponding boldness score (Table 4).

Based on individual boldness scores (established for each stimulus), hierarchical cluster
analysis grouped the tested musk deer into two categories. The smaller group consisted of seven
males that behaved more boldly, i.e. had higher boldness scores, and a large group with 24
individuals, i.e. that had a rather shy personality and lower boldness scores. A dendrogram,
based on hierarchical cluster analysis, was created to visualize grouping patterns (Fig. 3).
Across all four stimuli, individuals contained in the bold group had higher boldness scores than
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those grouped into the shy group (Fig. 4). A Mann-Whitney U test revealed, the two groups

(bold, shy) obtained from cluster analysis to be significantly different for all four stimuli

(leopard dummy: Z=-2.339, P =0.019; beach ball: Z=-2.315, P =0.021; fresh leopard feces:

Z=-3.757, P <0.001; unfamiliar human being: Z =-3.024, P < 0.002).

Discussion

In our study, we defined behaviors that were characteristic for a bold or shy personality in male

forest musk deer and tested the results for differences between four novel stimuli. Our PCA of

behaviors observed during this study, revealed five PCs, of which two (PC1 and PC4) were

indicative of a bold personality, while the other three (PC2, PC 3 and PC5) were indicative for

a shy personality. The ‘bold PCs’ included behaviors that express curiosity (approaching,

sniffing, short distance to the stimulus), that are typically performed during territory marking

(e.g. tail rubbing, defecation) or that represent the ordinary daily activity of a ruminant such as

feeding, ruminating, resting and comfort behavior (Sheng and Liu 2007). The ‘shy PCs’

included behaviors that are usually performed as an anti-predator response (e.g. wall-jumping,

snorting, staring and gazing), as a threat (e.g. pawing), or as a combination of both, i.e. a

displacement activity as a result of a behavioral conflict between escape and threat (e.g.

misgiving, urination, walking for and back). This result was not unexpected since numerous

studies reported on behaviors, such as approaching, sniffing, feeding, ruminating and resting,

to be indicative of boldness (Fraser et al., 2001; Bremner-Harrison et al., 2004; Brown et al.,

2007; Biro et al., 2010; Eriksson et al., 2010; Chapman et al., 2011). Likewise, physical contact

with, or close proximity to a stimulus object—in our study represented by the nearest distance
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to the stimulus—was also described by several studies to indicate boldness (Bergvall et al.,

2011; Verdolin and Harper, 2013; Sinn et al., 2014; Blaszczyk, 2017).

Testing the ‘bold PCs’ between different novel stimuli revealed that unfamiliar human being

and leopard feces (at least in PC4) triggered significantly fewer bold responses and larger

distances to the stimulus than a leopard dummy or a beach ball. Leopard dummy and beach ball

carried most likely the smell of humans and were not considered a threat since visual and

olfactory cognition did not match. By contrast, fresh leopard feces carry the odor of the main

natural predator (Wu and Wang, 2006; Sheng and Liu, 2007), while a living human being

emanates the odor of a predator and appears like a predator, posing a severe threat to a musk

deer and therefore causing the lowest number of bold responses. Vice versa, testing the ‘shy

PCs’ between different novel stimuli revealed that unfamiliar human being and leopard feces

(at least in PC5) triggered significantly higher rates of shy behaviors than the leopard dummy

or the beach ball. This general pattern indicates that the unfamiliar human being (and to a certain

degree also fresh leopard feces) had the strongest impact on the behavior of musk deer, and thus

making it the most suitable stimulus to distinguish between a shy and a bold personality. Many

personality studies on larger mammal species used a human being as the main stimulus

(Romeyer and Bouissou, 1992; Vandenheede and Bouissou, 1996; Vandenheede et al., 1998;

Janczak et al., 2003; Sibbald et al., 2009; Valsecchi et al., 2009; Meagher et al., 2016; Pierard

etal., 2017; Neave et al., 2018; Shahin, 2018). However, most of these studies were carried out

on domestic livestock or pets, making a strong stimulus imperative. By contrast, musk deer are

very timid and skittish, and a human being represents the most invasive stimulus object,

unreasonably stressing the test individual (Wang et al., 2016a). Moreover, testing hundreds of
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musk deer using unfamiliar human being would be neither time- nor cost-efficient. Since fresh

leopard feces also differed significantly from other stimuli, they were also considered suitable

to test for boldness (low factor loadings in PC4 and PC5). They could be used as an alternative

stimulus, but the obligation to constantly pursue fresh feces from captive leopards appears to

be rather challenging. We therefore recommend the use of beach ball, leopard dummy or any

other novel object to identify the shyest individuals by focusing on ‘shy PCs’ (high factor

loadings in PC2, PC3 and PCS5), or on ‘bold PCs’ (high factor loading in PC1 and PC4) to

identify the boldest individuals, i.e. those musk deer that keep on feeding, ruminating, sniffing

or approaching despite the presence of the novel object.

In our second approach, we attempted to establish individual boldness scores as a simple

method for breeders to distinguish bold from shy personalities. First, we proofed a high

coherence of individual boldness since the individual ranking of each male remained the same,

regardless of which stimulus test was used. Only if stimulus tests were coherent among each

other, repeatability could be confirmed and respective boldness score could be used to indicate

boldness (Bremner-Harrison et al., 2004). This was demonstrated by Kendall’s coefficient of

concordance, indicating that individuals referred to as being bold when exposed to one stimulus

were also classified as bold when exposed to another stimulus and thus reflecting the

repeatability of each variable (Bremner-Harrison et al., 2004; Bremner-Harrison et al., 2017).

Subsequently, a Spearman rank correlation confirmed a strong correlation between the

behavioral PC values of PC1 and the corresponding boldness score for each stimulus,

suggesting that behaviors contributing to PC1 are particularly suited to establish the boldness
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SCOores.

Hierarchical cluster analysis grouped boldness scores obtained from reference behaviors (i.e.

behaviors contributing to PC1 and PC4) into two groups, a shy group, and a bold group. Across

all four stimuli boldness scores were significantly higher in the bold group than in the shy group,

thus confirming the grouping pattern suggested by the cluster analysis. The visualization of our

data using hierarchical cluster analysis has been proven as a useful tool for musk deer and

livestock breeders (Wesley et al., 2012), to easily identify individuals suitable for reintroduction

or production. Based on both cluster-analyses, nearly three quarter of tested individuals were

regarded as shy, reflecting the nervous and timid character of musk deer. Vice versa, only one

quarter of tested male musk deer was classified as bold. Through continued selective breeding

towards increased musk yields (i.e., towards bold personalities), this ratio is supposed to be

shifted towards bolder individuals with increasing time in captivity. This might be beneficial

for musk production but will have adverse effects on successful reintroductions due to reduced

individual fitness, inbreeding and domestication effects (McDougall et al., 2006). To avoid such

domestication effects (Trut, 1999; Trut and Dugatkin, 2017) and their negative impact on the

captive population, it is imperative that a certain number of shy individuals will be included in

the commercial breeding of captive stock and only the shyest will be considered for release into

the wild.

Declarations of interest
None.

19



393

394

395

396

397

398

399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430

Acknowledgements

Special thanks are rendered to animal keepers and the management at the Shanxi Pien Tze

Huang Forest Musk Deer Breeding Center.

References

Armitage, K.B., Van Vuren, D.H., 2003. Individual differences and reproductive success in yellow-
bellied marmots. Ethol. Ecol. Evol. 15, 207-233.

Bergvall, U.A., Schapers, A., Kjellander, P., Weiss, A., 2011. Personality and foraging decisions in fallow
deer, Dama dama. Anim. Behav. 81, 101-112.

Biro, P.A., Beckmann, C., Stamps, J.A., 2010. Small within-day increases in temperature affects boldness
and alters personality in coral reef fish. Proc Biol Sci 277, 71-77.

Blaszezyk, M.B., 2017. Boldness towards novel objects predicts predator inspection in wild vervet
monkeys. Anim. Behav. 123, 91-100.

Breck, S.W., Poessel, S.A., Mahoney, P., Young, J.K., 2019. The intrepid urban coyote: a comparison of
bold and exploratory behavior in coyotes from urban and rural environments. Sci Rep 9, 2104.
Bremner-Harrison, S., Cypher, B.L., Van Horn Job, C., Harrison, S.W.R., 2017. Assessing personality in
San Joaquin kit fox in situ: efficacy of field-based experimental methods and implications for
conservation management. J Ethol 36, 23-33.

Bremner-Harrison, S., Prodohl, P.A., Elwood, R.W., 2004. Behavioural trait assessment as a release
criterion: boldness predicts early death in a reintroduction programme of captive-bred swift fox (Vulpes
velox). Anim. Conserv. 7, 313-320.

Brown, C., Burgess, F., Braithwaite, V.A., 2007. Heritable and experiential effects on boldness in a
tropical poeciliid. Behav. Ecol. Sociobiol. 62, 237-243.

Bubac, C.M., Coltman, D.W., Bowen, W.D., Lidgard, D.C., Lang, S.L.C., den Heyer, C.E., 2018.
Repeatability and reproductive consequences of boldness in female gray seals. Behav. Ecol. Sociobiol.
72, 100.

Carter, A.J., Marshall, H.H., Heinsohn, R., Cowlishaw, G., 2012. How not to measure boldness: novel
object and antipredator responses are not the same in wild baboons. Anim. Behav. 84, 603-609.
Chapman, B.B., Hulthen, K., Blomqvist, D.R., Hansson, L.A., Nilsson, J.A., Brodersen, J., Anders
Nilsson, P., Skov, C., Bronmark, C., 2011. To boldly go: individual differences in boldness influence
migratory tendency. Ecol Lett 14, 871-876.

Cole, E.F., Quinn, J.L., 2014. Shy birds play it safe: personality in captivity predicts risk responsiveness
during reproduction in the wild. Biol Lett 10, 20140178.

Dall, S.R.X., Houston, A.I., McNamara, J.M., 2004. The behavioural ecology of personality: consistent
individual differences from an adaptive perspective. Ecol. Lett. 7, 734-739.

Dammhahn, M., 2012. Are personality differences in a small iteroparous mammal maintained by a life-
history trade-off? Proc Biol Sci 279, 2645-2651.

20



431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474

Eriksson, A.C., Booth, D.J., Biro, P.A., 2010. ‘Personality’ in two species of temperate damselfish. Mar.
Ecol. Prog. Ser. 420, 273-276.

Fraser, D.F., James F. Gilliam, Michael J. Daley, An N. Le, Skalski, G.T., 2001. Explaining Leptokurtic
Movement Distributions: Intrapopulation Variation in Boldness and Exploration. The American
Naturalist 158, 124-135.

Greenberg, J.R., Holekamp, K.E., 2017. Human disturbance affects personality development in a wild
carnivore. Anim. Behav. 132, 303-312.

Guenther, A., 2018. Life-history trade-offs: are they linked to personality in a precocial mammal (Cavia
aperea)? Biol Lett 14, 20180086.

He, L., Li, L.H., Wang, W.X_, Liu, G., Liu, S.Q., Liu, W.H., Hu, D.F., 2014a. Welfare of farmed musk
deer: Changes in the biological characteristics of musk deer in farming environments. Appl. Anim. Behav.
Sci. 156, 1-5.

He, L., Wang, W.X, Li, L.H,, Liu, B.Q., Liu, G., Liu, S.Q., Qi, L., Hu, D.F., 2014b. Effects of crowding
and sex on fecal cortisol levels of captive forest musk deer. Biol Res 47, 48.

Hedlund, L., Lovlie, H., 2015. Personality and production: nervous cows produce less milk. J Dairy Sci
98, 5819-5828.

Hu, X.L., Liu, G., Wang, W.X., Zhou, R., Liu, S.Q., Li, L.H., Hu, D.F.,, 2016. Methods of preservation
and flotation for the detection of nematode eggs and coccidian oocysts in faeces of the forest musk deer.
J Helminthol 90, 680-684.

Hu, X.L., Liu, G., Wei, Y.T., Wang, Y.H., Zhang, T.X., Yang, S., Hu, D.F., Liu, S.Q., 2018. Regional and
seasonal effects on the gastrointestinal parasitism of captive forest musk deer. Acta Trop 177, 1-8.
TUCN/SSC, 2013. Guidelines for Reintroductions and Other Conservation Translocations. Version 1.0.
Gland, Switzerland: IUCN Species Survival Commission.

Janczak, A.M., Pedersen, L.J., Rydhmer, L., Bakken, M., 2003. Relation between early fear- and anxiety-
related behaviour and maternal ability in sows. Appl. Anim. Behav. Sci. 82, 121-135.

Jiang, H.R., Xue, W.J., Xu, H.F., 2012. The musk deer biological characteristics, resources current
situation and protection countermeasure. Biology teaching 37(5): 7-10.

Jolles, J.W., Aaron Taylor, B., Manica, A., 2016. Recent social conditions affect boldness repeatability
in individual sticklebacks. Anim Behav 112, 139-145.

Jolles, J.W., Fleetwood-Wilson, A., Nakayama, S., Stumpe, M.C., Johnstone, R.A., Manica, A., 2015.
The role of social attraction and its link with boldness in the collective movements of three-spined
sticklebacks. Anim Behav 99, 147-153.

Kelleher, S.R., Silla, A.J., Byrne, P.G., 2018. Animal personality and behavioral syndromes in
amphibians: a review of the evidence, experimental approaches, and implications for conservation.
Behav. Ecol. Sociobiol. 72, 26.

Lang, D.M., Liu, WH., Wang, Y.H., Tang, Y.Q., Lan, H.E., Liu, S.Q., 2012. Fecal cortisol changes of
captive forest musk deer in non-pregnant period with reference to its indicative role. J Beijing For Univ
34, 81-84.

Li, L., He, L., Liu, G., Liu, S, Liu, W., Meng, M., Hu, D., 2012. Discussion about Relationship between
Biological Characters and Farming Development of Musk Deer. Forest Resources Management 2, 26-
29.

MacKay, J.R.D., Haskell, M.J., Deag, J.M., van Reenen, K., 2014. Fear responses to novelty in testing
environments are related to day-to-day activity in the home environment in dairy cattle. Appl. Anim.
Behav. Sci. 152, 7-16.

21



475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518

McDougall, P.T., Réale, D., Sol, D., Reader, S.M., 2006. Wildlife conservation and animal temperament:
causes and consequences of evolutionary change for captive, reintroduced, and wild populations. Anim.
Conserv. 9, 39-48.

Meagher, R.K., von Keyserlingk, M.A.G., Atkinson, D., Weary, D.M., 2016. Inconsistency in dairy
calves’ responses to tests of fearfulness. Appl. Anim. Behav. Sci. 185, 15-22.

Meng, X.X., Zhou, C.Q., Hu, J.C., Li, C., Meng, Z.B., Feng, J.C., Zhou, Y.J., Zhu, Y.J., 2006. Musk deer
farming in China. Anim Sci 82, 1-6.

Mengyuan, F., Meishan, Z., Minghui, S., Tianxiang, Z., Lei, Q., Juan, Y., Xuxin, L., Shaobi, L., Zhixin,
H., Shuang, Y., Juntong, Z., Yimeng, L., Xiaoning, S., Muha, C., Shanghua, X., Yang, L., Xiaobing, G.,
Defu, H., Shuqiang, L., 2018. Sex hormones play roles in determining musk composition during the early
stages of musk secretion by musk deer (Moschus berezovskii). Endocr. J. 65(11), 1111-1120.

Myers, P.J., Young, J.K., 2018. Consistent individual behavior: evidence of personality in black bears. J.
Ethol. 36, 117-124.

Neave, H.W., Costa, J.H.C., Weary, D.M., von Keyserlingk, M.A.G., 2018. Personality is associated with
feeding behavior and performance in dairy calves. J Dairy Sci 101, 7437-7449.

Nielsen, S.V,, Kellner, M., Henriksen, P.G., Olsen, H., Hansen, S.H., Baatrup, E., 2018. The psychoactive
drug Escitalopram affects swimming behaviour and increases boldness in zebrafish (Danio rerio).
Ecotoxicology 27, 485-497.

Noer, C.L., Needham, E.K., Wiese, A.S., Balsby, T.J., Dabelsteen, T., 2015. Context Matters: Multiple
Novelty Tests Reveal Different Aspects of Shyness-Boldness in Farmed American Mink (Neovison
vison). PLoS ONE 10, e0130474.

Perals, D., Griffin, A.S., Bartomeus, 1., Sol, D., 2017. Revisiting the open-field test: what does it really
tell us about animal personality? Anim. Behav. 123, 69-79.

Pierard, M., McGreevy, P., Geers, R., 2017. Developing behavioral tests to support selection of police
horses. Journal of Veterinary Behavior-Clinical Applications and Research 19, 7-13.

Reale, D., Martin, J., Coltman, D.W., Poissant, J., Festa-Bianchet, M., 2009. Male personality, life-
history strategies and reproductive success in a promiscuous mammal. J Evol Biol 22, 1599-1607.
Reale, D., Reader, S.M., Sol, D., McDougall, P.T., Dingemanse, N.J., 2007. Integrating animal
temperament within ecology and evolution. Biol. Rev. Camb. Philos. Soc. 82, 291-318.

Romeyer, A., Bouissou, M.F., 1992. Assessment of fear reactions in domestic sheep, and influence of
breed and rearing conditions. Appl. Anim. Behav. Sci. 34, 93-119.

Santicchia, F., Gagnaison, C., Bisi, F., Martinoli, A., Matthysen, E., Bertolino, S., Wauters, L.A., 2018.
Habitat-dependent effects of personality on survival and reproduction in red squirrels. Behav. Ecol.
Sociobiol. 72, 13.

Schuett, W., Delfs, B., Haller, R., Kruber, S., Roolfs, S., Timm, D., Willmann, M., Drees, C., 2018.
Ground beetles in city forests: does urbanization predict a personality trait? PeerJ 6, e4360.

Shahin, M., 2018. The effects of positive human contact by tactile stimulation on dairy cows with
different personalities. Appl. Anim. Behav. Sci. 204, 23-28.

Sheng, H.L., 1996. The musk deer resource in China and the rescue measures. Wild Life 91(3): 10-12.
Sheng, H.L., Liu, Z.X., 2007. The musk deer in China. The Shanghai Scientific & Technical Publishers,
Shanghai.

Sibbald, A.M., Erhard, HW., McLeod, J.E., Hooper, R.J., 2009. Individual personality and the spatial
distribution of groups of grazing animals: an example with sheep. Behav Processes 82, 319-326.

Siegel, S., 1956. Non-parametric Statistics for the Behavioral Sciences. McGraw-Hill, New York.

22



519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562

Sih, A., Cote, J., Evans, M., Fogarty, S., Pruitt, J., 2012. Ecological implications of behavioural
syndromes. Ecol Lett 15, 278-289.

Sinn, D.L., Cawthen, L., Jones, S.M., Pukk, C., Jones, M.E., 2014. Boldness towards novelty and
translocation success in captive-raised, orphaned Tasmanian devils. Zoo Biol 33, 36-48.

Tan, M.K., Chang, C.C., Tan, H.T.W., 2018. Shy herbivores forage more efficiently than bold ones
regardless of information-processing overload. Behav Processes 149, 52-58.

Trut, L., 1999. Early Canid Domestication: The Farm-Fox Experiment. Am. Sci. 87, 160-169.

Trut, L., Dugatkin, L.A.,2017. How to Tame a Fox (and Build a Dog): Visionary Scientists and a Siberian
Tale of Jump-Started Evolution (1st ed.). Chicago: University Of Chicago Press., 240

Valsecchi, P., Barnard, S., Stefanini, C., Normando, S., 2009. Validation of a new temperament test as a
practical tool for adoptions of sheltered dogs. Journal of Veterinary Behavior Clinical Applications &
Research 4, 75-76.

Vandenheede, M., Bouissou, M.F., 1993a. Effect of androgen treatment on fear reactions in ewes. Horm
Behav 27, 435-448.

Vandenheede, M., Bouissou, M.F., 1993b. Sex differences in fear reactions in sheep. Appl. Anim. Behav.
Sci. 37, 39-55.

Vandenheede, M., Bouissou, M.F., 1996. Effects of castration on fear reactions of male sheep. Appl.
Anim. Behav. Sci. 47, 211-224.

Vandenheede, M., Bouissou, M.F., Picard, M., 1998. Interpretation of behavioural reactions of sheep
towards fear-eliciting situations. Appl. Anim. Behav. Sci. 58, 293-310.

Verdolin, J.L., Harper, J., 2013. Are shy individuals less behaviorally variable? Insights from a captive
population of mouse lemurs. Primates 54, 309-314.

Wang, W., He, L., Wei, N., Li, L., Qi, L., Liu, B, Lian, H., Hu, D., 2013. Analysis on the Amino Acid
Content and Feed Value of Commonly used Tree Leaves Fed to Captive Forest Musk Deer(Moschus
berezovskii). Acta Ecologiae Animalis Domastici 34, 44-49.

Wang, W., Yang, L., Wronski, T., Chen, S., Hu, Y., Huang, S., 2019. Captive breeding of wildlife
resources—China's revised supply - side approach to conservation. Wildl. Soc. Bull. 43, 425-435.
Wang, W.X., He, L., Liu, B.Q., Li, L.H., Wei, N., Zhou, R., Qi, L., Liu, S.Q., Hu, D.F., 2015. Feeding
performance and preferences of captive forest musk deer while on a cafeteria diet. Folia Zool 64, 151-
160.

Wang, W.X., He, L., Liu, S.Q., Wronski, T., Hu, D.F., 2016a. Behavioral and physiological responses of
forest musk deer (Moschus berezovskii) to experimental fawn manipulation. Acta Ethol 19, 133-141.
Wang, Y.H., Liu, S.Q., Yang, S., Zhang, T.X., Wei, Y.T., Zhou, J.T., Hu, D.F., Li, L.H., 2016b.
Determination of ovarian cyclicity and pregnancy using fecal progesterone in forest musk deer (Moschus
berezovskii). Anim. Reprod. Sci. 170, 1-9.

Ward-Fear, G., Brown, G.P., Pearson, D.J., West, A., Rollins, L.A., Shine, R., 2018. The ecological and
life history correlates of boldness in free-ranging lizards. Ecosphere 9, e02125.

Wei, Y.T., Zhou, R., Liu, B.Q., Hu, X,, Liu, S.Q., Li, L.H., Hu, D., 2016. Fecal thyroid hormone levels
in female forest musk deer in captivity and their biological implications. J Beijing For Univ 38, 108-113.
Wesley, R.L., Cibils, A.F., Mulliniks, J.T., Pollak, E.R., Petersen, M.K., Fredrickson, E.L., 2012. An
assessment of behavioural syndromes in rangeland-raised beef cattle. Appl. Anim. Behav. Sci. 139, 183-
194.

Williams, L.J., King, A.J., Mettke-Hofmann, C., 2012. Colourful characters: head colour reflects
personality in a social bird, the Gouldian finch, Erythrura gouldiae. Anim. Behav. 84, 159-165.

23



563
564
565
566
567
568
569
570
571
572
573

Wilson, D.S., Clark, A., Coleman, K., Dearstyne, T., 1994. Shyness and Boldness in Humans and Other
Animals. Trends Ecol. Evol. 9, 442-446.

Wolf, M., van Doorn, G.S., Leimar, O., Weissing, F.J., 2007. Life-history trade-offs favour the evolution
of animal personalities. Nature 447, 581-584.

Wolf, M., Weissing, F.J., 2012. Animal personalities: consequences for ecology and evolution. Trends
Ecol Evol 27, 452-461.

Wu, J.Y., Wang, W., 2006. The musk deer of China, China Forestry Publishing House, Beijing.

Yang, Q., Meng, X., Xia, L., Feng, Z., 2003. Conservation status and causes of decline of musk deer
( Moschus spp.) in China. Biological Conservation 109, 333-342.

24



574
575
576

577

Tables

Table 1. Definition, coding, and type of measure of behaviors observed in male forest
musk deer during this study.

Behavior Measure  Definition

Feeding Duration Feeding on artificial (pellets) or natural diet (leaves
and herbs) offered on the ground, drinking water

Sniffing Duration Olfactory sensing of external environment (directed
towards the stimulus object or any other direction or
object)

Approaching Duration Coming closer or near the stimulus object

Resting Duration Lying down, bedding, always without rumination

Defecation Duration Excretion of feces, digging and scratching to cover
feces

Tail-rubbing Duration Rubbing the tail on the ground or on the surface of
walls or door frames, often accompanied by sniffing,
sometimes accompanied by digging soil

Ruminating Duration Regurgitation and repeated chewing of partly
digested food

Comfort Duration Combing or grooming with mouth or hoofs,

behavior stretching, yawning, jittering, or shaking

Staring & Duration Standing still and staring at the stimulus object for a

gazing long time, sometimes with ears rotating, but without
ruminating or any other obvious behavior

Pawing Frequency Single or repeated stamping toward the stimulus
object or pawing with the foreleg

Wall-jumping Frequency Repeated violent jumping from the ground onto the
wall whereby starting and landing point are the same
without any horizontal movement; creates
significant fatigue and shortness of breath

Urination Duration Urination in short time intervals after stimulation at
a casual micturition location; without sniffing or
burying behavior

Misgiving Duration Hesitant movements, stop-and-go, dragging the
front feet

Snorting Frequency Sudden and abrupt pressing of air through nostrils,
occurs usually as an alert when unsuspected
abnormal stimulus occurs, produces a brief but loud
wheeze or sneeze, together with standing-still and
staring

Walking forth & Duration Individuals walk uniformly back and forth without

back performing any other behavior, start and turning
point are relatively fixed

Distance Distance Shortest distance observed between the animal and

the stimulus object
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578  Table 2. Mean (+ SE), range and proportion of 15 behaviors and the nearest distance to the stimulus, observed in 31 male forest musk deer

579 during four novel stimulus tests.

Behavior code (unit) Leopard dummy Beach ball Fresh leopard feces Unfamiliar human being
Mean SE Range % Mean SE Range % Mean SE Range % Mean SE Range %

Feeding (sec) 208.10  52.90 0-3000 56.46 14.94 35.73 0-1085 58.06 147.31 30.12  0-936 58.07 45.58 18.62 0-946 19.36
Sniffing (sec) 29.44 5.86 0-285 79.03 19.58 5.00 0-193 67.74 38.53 4.94 0-143 91.94 6.04 2.52 0-145 40.33
Approaching (sec) 30.63 4.47 0-167 83.88 17.79 3.34 0-133 74.20 23.48 3.17 0-106 83.87 11.32 3.71 0-125 35.49
Resting (sec) 945.58 14593  0-3600 56.45 933.16 126.81 0-3211 64.52 384.53  80.23  0-2606 45.16 201.90 68.00 0-2203  16.13
Defecation (sec) 51.11 8.91 0-305 53.23 57.47 7.63 0-231 67.75 69.34 9.73 0-393 70.97 32.09 7.98 0-437 46.78
Tail rubbing (sec) 10.74 3.68 0-119 16.13 5.37 1.95 0-70 14.52 5.15 2.31 0-112 11.29 1.32 1.32 0-82 1.62
Ruminating (sec) 62.60 29.99 0-1695 14.52 50.95 20.94 0-841 14.52 6.77 4.84 0-250 3.23 - - - -
Comfort behav. (sec) 30.82 6.04 0-332 93.55 19.55 3.02 0-108 90.33 21.40 5.58 0-343 95.16 17.95 4.12 0-195 80.65
Staring (sec) 660.63 7522 22-2557 100.00 72242  67.19 60-2459  100.00 247.66  25.60  20-994 100.00 1279.82 117.22  0-3600  98.39
Pawing (sec) - - - - - - - - - - - 3.35 1.41 0-61 14.52
Wall jumping (No.) 0.45 0.27 0-15 8.07 0.73 0.31 0-14 14.52 0.92 0.74 0-45 6.46 20.71 6.03 0-317 46.78
Urination (sec) 1.95 0.88 0-38 9.68 2.94 1.33 0-64 9.68 1.26 0.77 0-40 4.84 22.23 6.05 0-288 43.55
Misgiving (sec) 6.32 1.30 0-46 58.07 5.03 1.20 0-55 59.68 3.71 0.80 0-37 51.61  42.18 7.42 0-278 82.26
Snorting (No.) - - - - - - - - - 39.55 9.67 0-380 66.13
Walking f & b (sec) 5.47 3.85 0-182 3.23 4.95 3.85 0-236 8.06 4.66 2.77 0-140 8.06 60.08 15.07 0-557 38.71
Distance (m) 2.71 0.32 0.1—8 100 3.21 0.28 0.1-8 100 2.11 0.27 0.1-8 100 6.37 0.23 0.4-8 100
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Table 3. Results of Principal Component Analysis of 16 behavioral variables obtained
from 31 adult male forest musk deer. PC loadings > 0.45 are shown in bold font type.

Variable PC1 PC2 PC3 PC4 PC5
Eigenvalue 411 2.26 1.36 1.20 1.06
% of variance 25.66 14.15 8.49 7.49 6.62
Approaching 0.81 -0.07 -0.04 -0.11 -0.11
Sniffing 0.71 -0.19 -0.07 -0.10 -0.15
Tail rubbing 0.71 0.07 -0.06 0.31 0.19
Distance to the stimuli -0.65 0.36 0.12 -0.04 0.42
Defecation 0.64 -0.01 -0.09 0.08 -0.10
Walking for & back -0.12 0.88 0.00 -0.09 -0.11
Wall-jumping -0.09 0.73 0.26 -0.03 0.20
Snorting -0.23 0.51 0.46 -0.13 -0.20
Pawing -0.09 -0.03 0.88 -0.01 0.03
Misgiving -0.14 041 0.76 -0.10 -0.04
Urination 0.00 0.21 0.60 -0.06 0.51
Ruminating 0.00 0.00 -0.10 0.73 0.20
Feeding 0.29 -0.04 -0.08 0.53 -0.23
Comfort behavior -0.02 -0.10 0.08 0.50 -0.25
Resting -0.32 -0.39 -0.20 0.47 -0.12
Staring & gazing -0.32 -0.11 -0.01 -0.17 0.80
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Table 4. Spearman rank correlations between behavioral PC values obtained from Principal
Component Analysis (PCA) and the corresponding boldness score for each novel stimulus test.

Behavior PC Leopard Beach ball Fresh Unfamiliar
dummy leopard feces  human being

PC1 0.215 0.258™ 0.243™ 0.182"

PC2 0.02 -0.08 -0.16 -0.04

PC3 0.09 0.237™ 0.14 0.12

PC4 0.09 0.09 0.00 0.09

PC5 0.05 -0.191" -0.09 -0.13

* P<0.05; **: P<0.01.
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594  Figure captions

595  Fig. 1. Experimental set-up in the activity space

596  Experimental set-up in the activity space of a musk deer breeding unit at Pien Tze Huang

597  Forest Musk Deer Breeding Center, Shaanxi Province, China (A), a male musk deer test

598 individual with two novel stimulus objects, i.e. a leopard dummy (B), and a beach ball (C).

599

600  Fig. 2. Results of five Principal Components

601  Results of five Principal Components (median + interquartile range) obtained from 16

602  behavioral variables presented for four novel stimulus tests (stimulus 1: leopard dummy,

603  stimulus 2: beach ball, stimulus 3: fresh leopard feces, stimulus 4: unfamiliar human being).

604

605  Fig. 3. Dendrogram obtained from cluster analysis

606  Dendrogram obtained from hierarchical cluster analysis of individual boldness scores

607  obtained from 31 captive male musk deer, using average linkage (between groups) and

608 combined rescaled distance clusters.

609

610  Fig. 4. Individual mean boldness scores obtained from cluster analysis

611  Individual mean boldness scores of two groups of captive male musk deer (bold and shy)

612  obtained from cluster analysis (see Fig 3) and established for each novel stimulus test

613  (leopard dummy, beach ball, fresh leopard feces, and unfamiliar human being).

614
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