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Moschus chrysogaster (hereafter — musk deer) is an endemic to the Qinghai-Tibet Plateau and surrounding areas
in China. Due to historical overutilisation and habitat degradation and loss, the musk deer is endangered and
faces serious threats to its survival. Besides in sifu conservation, musk deer farming is an important and effective
means for ex situ conservation and sustainable supply of musk resources. Wild musk deer are solitary and highly
territorial, but in captivity they are subjected to intensive farming practices that confine them to a limited space,
leading to the development of a hierarchy structure. This study was carried out from January 2021 to December
2023 at the Musk Deer Farm in Zhuanglang County, Gansu Province, China. Focal sampling and all-occurrence
recording were used to measure conflict behaviour of captive musk deer. Social network analysis was used to study
the relationships between social conflict and social learning within the captive community. Our finding revealed a
significant positive correlation between the hierarchy rank of the conflict initiator and the receiver, and individuals
tended to initiate conflict against individuals close to their ranks, which reflected the individual identification of
the hierarchy within the community. The social learning behaviour of musk deer in various ranks was significantly
different. The social learning behaviour of middle rank (40.7%) was significantly higher than that of high rank
(14.5%) and low rank (14.0%). Compared with the social learning behaviour of musk deer before conflict (37.9%),
the social learning behaviour of musk deer after conflict (62.1%) was significantly increased, but there was no
significant difference in non-social learning behaviour before conflict (46.7%) and after conflict (53.3%). This
research reveals the majority of conflicts unfolding among the higher ranks of the captive population. To improve
musk deer farming, it is imperative to assess the conflict potential and sociality of individuals within the broader
hierarchy. In addition, we found a significant surge in socially learning behaviours among musk deer post-conflict,
indicative of the essential spread of information on individual rank and fighting capabilities within the captive
population. Recognising the pronounced social learning in captive individuals with middle ranks, managers should
focus on these key members. The alleviating conflict level by rationally translocating individuals while maintaining
a hierarchical structure within the group is critical to the successful musk deer conservation and farming,.
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Introduction
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Hierarchy is a common inter-individual dom-
inance-subordination relationship structure in an-
imal communities (Leimar & Bshary, 2022). It is
considered a group-level attribute that arises from
the aggression of individual animals (Hobson &
DeDeo, 2015). Hierarchy structures are believed
to have an impact on population dynamics and
individual fitness (Ellis, 1995). However, most
studies focus on the orderliness of social hierarchy
or the influence of individual phenotypic charac-
teristics on hierarchy structure (Shizuka & Mc-
Donald, 2012; Weidling et al., 2024). This narrow
scope, however, inhibits a holistic understand-
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ing of the multifaceted processes at work within
hierarchical structure. For instance, a dominant
animal is often faced with physical challenges
from subordinates, whereas other lower ranked
individuals of similar rank tend to receive sub-
missive gestures (Dey & Quinn, 2014). In a group
with a clear hierarchy, individuals tend to interact
primarily with others of similar rank (Rat et al.,
2015), although they may also interact randomly
with other members of the group regardless of
rank (Silk et al., 2019). Rowell (1966) astutely
observed that the overt aggression of dominant
animals, while instrumental in preserving their
status, is but one piece of the puzzle. It is the less
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conspicuous behaviours (subordinate submission
and the learning that occurs through observation)
that are particularly crucial for the long-term sta-
bility of the hierarchy (Kaufmann, 1983). The ex-
pression of submission is not merely a response to
dominance; it is a behaviour intertwined with the
development of individual recognition and social
learning within the community. These mecha-
nisms have a significant impact on conflict inter-
action and can significantly mitigate the costs as-
sociated with them (Rowell, 1974).

Social learning refers to learning influenced
by observation of, or interaction with, another
(typically a conspecific) animal (Box, 1984). In
contrast, non-social learning encompasses be-
haviours that evolve independently of social ex-
change (Heyes, 1994). Social learning will be
favoured when the cost of animals directly ob-
taining individual information within the commu-
nity becomes expensive (Rieucau & Giraldeau,
2011). Since the establishment and maintenance
of hierarchy structure in animal communities is
dynamic, social conflict through aggression or
attack is an important way for animals to obtain
social information such as individual competi-
tion or resource-holding potential, but direct
participation in social conflict leads to time and
energy consumption and increased risk of injury.
Therefore, individuals adopt behavioural strat-
egies such as social learning to mitigate these
conflict-driven costs (Rieucau & Giraldeau,
2011). Social learning necessitates a shift from
an egocentric perspective, enabling animals to
assess interactions in which they are not directly
involved (Seyfarth & Cheney, 2015). In captive
settings, conflicts within animal communities are
seldom isolated events, offering bystanders the
opportunity to obtain information about other
individuals through social learning (Abril-de-
Abreu et al., 2015). As social conflict is related
to hierarchy structural establishment, the emer-
gence of winners and losers in the outcome of
conflict interactions provides social information
on competitiveness, which allows bystanders to
assess potential competitors’ resource-holding
potential and to adopt appropriate behaviour pat-
terns without direct participation in the conflict
(Braga Goncalves & Radford, 2022).

Animal social network analysis serves as a
powerful tool for understanding the social hier-
archy structure and behavioural characteristics of
animal communities. It employs a suite of key net-
work indicators that offer a quantifiable measure
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of an individual’s social attributes. The In-degree
and Out-degree reflect the number of individuals
being selected by others or actively choosing to in-
teract with others, respectively. These metrics can
be further weighted by frequency of interactions,
a refinement known as Weighted degree. This ap-
proach provides a more detailed understanding of
an individual’s status within a social network (Deng
et al., 2019). A plethora of studies has delved into
the social network analysis within wildlife popu-
lations. For instance, a social network analysis on
Gorilla beringei graueri Matchie, 1914 found that
female individuals were the most socially centered
individuals in the group (Leeds et al., 2024), and a
study on Suricata suricatta Schreber, 1776 found
that age and weight are pivotal determinants of an
individual’s social status, with younger and lighter
individuals typically exhibiting a higher degree of
social engagement than their older, heavier coun-
terparts (Pacheco, 2020). In a study combined with
non-injury sampling, it was found that preferen-
tial leaders in Bison bonasus Linnaeus, 1758, i.e.
the older and more dominant individuals, which
are more central ones, are less stressed compared
to other group members (Ramos et al., 2022). To
date, the application of social network analysis has
predominantly concentrated on highly social spe-
cies. However, there is a lack of relevant research
on mammals that are more solitary by nature, espe-
cially within the confines of captive environments.
The impact and efficacy of their behaviours and
ecological adaptability within the social networks
of captive groups remain largely unexplored.

The wild Moschus chrysogaster (Hodgson,
1839) (hereinafter — musk deer), which is native
to the Qinghai-Tibet Plateau and surrounding ar-
eas in China, plays an important role in traditional
medicine and the perfume industry, owing to the
musk secreted by adult males. However, due to
historical overutilisation and habitat degradation,
the musk deer is listed as an Endangered (EN)
taxon on the IUCN Red List (Harris, 2016), Ap-
pendix II species in CITES and a first-grade pro-
tected animal in China (Geng & Ma, 2000). In
order to effectively protect the musk deer popula-
tions, both in situ and ex situ conservation mea-
sures are used (Jiang et al., 2020). These measures
encompass the protection of wild populations and
their habitats, alongside artificial captive breed-
ing. The latter offers a conservation avenue by
translocating endangered animals from their nat-
ural habitats to controlled, optimal artificial en-
vironments, with the ultimate aim of reintroduc-
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ing captive-bred individuals to restored habitats
(Lv et al., 2023). However, musk deer are small,
solitary forest-dwelling ungulates, with minimal
social interactions between individuals and loose
social ties between groups in the wild. In limited
captivity environments, high density of individu-
als and lack of escape space for subordinates
promote the formation of hierarchy structure and
strengthen its influence (Kaufmann, 1983). In
these captive settings, certain social networks of
conflict and hierarchy structure are established,
which influences the dominance relationships
between individuals and profoundly shape the
behavioural patterns of musk deer (Meng et al.,
2012a). With the emphasis on conservation and
sustainable utilisation of wild animals, the ex situ
conservation of musk deer has attracted much
attention, and social network analysis provides
a powerful tool for understanding the social dy-
namics of the musk deer in captivity. While prior
research hints at a connection between conflict
interactions and the recognition of individual hi-
erarchy ranks (Meng et al., 2012b), a comprehen-
sive understanding of the social networks among
captive musk deer remains largely unexplored.
It has not known whether musk deer adaptively
collect and use relevant information from interac-
tions of other individuals in their social learning
behaviours. Given this gap in knowledge, there
is an urgent need to better understand the rela-
tionships between the conflict social network and
hierarchy structure of musk deer.

Therefore, by sampling the behaviours of
captive musk deer, we analysed differences in
conflict rivalry and social learning of individuals
with various hierarchy ranks of the conflict social
network. The primary objectives of our research
encompass the following. 1) we aim to discern
whether a correlation exists between the hierarchy
rank of the conflict initiator and the receiver in or-
der to support the individual recognition ability of
the musk deer. 2) We seek to evaluate the impact
of varying hierarchy ranks on the propensity of
captive musk deer to initiate or receive in conflicts
within the social network. 3) Our analysis aimed
to determine if distinct patterns of social learning
behaviours emerge among musk deer of various
ranks during times of the conflict. 4) We intend to
scrutinise the variations in social and non-social
learning behaviours among individuals of varying
ranks, both preceding and succeeding conflict in-
teractions. We anticipate that the findings of this
study will enhance the management and conser-
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vation strategies of captive musk deer, fostering
the sustainable development of musk deer breed-
ing initiatives, and also contribute new insights
to the development of the field of wildlife captive
breeding research.

Material and Methods

Research area and experimental animals

The study was performed at the Musk Deer
Farm in Zhuanglang County, Gansu Province,
China, situated in the eastern extension of the Qil-
ian Mountains and the western foothills of the Liu-
pan Mountains, at an altitude of 1800 m a.s.l. The
average annual temperature is around 8°C, with the
highest temperature in July and the lowest in Janu-
ary. The annual precipitation is 489 mm, mostly
concentrated in summer (July — September). The
average annual frost-free period is 142 days.

The layout of each enclosure was similar, con-
sisting of an area of 100 m?, with a natural soil sub-
strate and a central shelter for rest (Fig. S1). All
musk deer were provided with sufficient drinking
water and fed twice daily (05:00 h, 17:00 h) the
same diet, which included artificial fodder (20%
wheat bran, 20% soybean, and 60% alfalfa) and
wild-collected leaves (e.g. Berberis kansuensis
C. K. Schneid., Hippophae rhamnoides L., Arme-
niaca vulgaris Lam., Prunus salicina Lindl.). En-
closures were cleaned daily at 17:00 h during the
feeding time and were otherwise undisturbed by
keepers. For identification, each musk deer had a
numbered plastic ear tag.

Definition and sampling of musk deer behaviour

We observed the behaviour of 52 healthy
musk deer from 13 musk deer enclosures in the
musk deer farm, each containing six adult males
(older than three years old). Behavioural sampling
was conducted during the peak periods of musk
deer activity (06:00-08:00 h, 17:00-19:00 h) us-
ing focal behavioural sampling and all-occurrence
recording methods (Altmann, 1974). Two behav-
ioural samples were collected each day for musk
deer individuals, and the behavioural sampling
was made for two days per week. We conducted a
total of 120 days of behavioural sampling and 480
hours of total observation time. The conflict behav-
iours and definitions (see Meng et al., 2012a,b) are
shown in Table 1. The unique ear-tag of musk deer
and the individual body characteristics were used
for quick individual identification. Tag numbers of
individuals engaged in fighting and the outcome of
the fight were recorded.
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Table 1. The conflicting behaviours and definitions according to Meng et al. (2012a,b), and the types and definitions of social/
non-social learning according to Heyes (1994), Hoppitt & Laland (2008)

Type of behaviours Definitions
Attacking Physical contact aggression by mouth or hoof against other individuals
Chasin Conflict occurs when the inferior individual flees and the superior individual pursues and continues to attack the
e fleeing individual
Conflicting Displacing Individuals tend directly to other individuals and take their place
behaviour Threatenin The individual’s neck is erect, head is held high, and upper canine teeth are displayed, accompanied by lip twitching
& and a puffing sound, while the back of the body is twisted and moved closer to the threatened individual
Fleeting Inferior individuals in a conflict flee the scene of the conflict
Evading/Retreating Individual leaves its location when other individuals are approaching it
Lying down Individuals are lying down with limbs curled up underneath the body in a sleepy state
Non-social Ingesting Feeding on feed troughs or nibbling on blades of grass in the activity yard
leaming Environmental sniffing |Individuals perceive environmental information with the nasal muzzle
Defecating/Urinating  |Individual animals excreting feces or urine
Standing and gazing Individuals are awake and upright, with eyes gazing at a fixed point in front or above them
Social Defensive gesture Individuals stand in a tense state and gaze at other individuals
learning
Vigilance Individuals with increased sensitivity and showing signs of nervousness, such as standing with head up, auricular
& rotation, looking around the room

In addition to the conflict behaviours, we also re-
corded the behaviours of bystanders at the time of the
conflict (Table 1). Depending on whether an individ-
ual’s behaviour is directed towards other individuals
or not, we recorded behaviours that pointed to others,
namely (1) standing and gazing, (ii) defensive gesture,
(ii1) vigilance. We defined them as social learning be-
haviours (hereinafter — SL), whereas behaviours that
only involve the animal itself, namely (i) lying down,
(i1) ingesting, (iii) environmental sniffing, (iv) defeca-
tion/urinating were classified as non-social learning
behaviours (hereinafter — NL) (Heyes, 1994; Hoppitt
& Laland, 2008). For the sake of avoidance of ambi-
guity, it is hereby clarified that NL in this paper are
the opposite of SL, and are only used to differentiate
between the behaviours of bystanders, and that such
behaviour should not be regarded as a type of learn-
ing behaviour.

Hierarchy structure

In conflict interactions one party was defeated
and fled, so that it was considered the loser of the
conflict interaction, and vice versa, the other one the
winner of the conflict. The hierarchy rank was deter-
mined according to the David’s score (D,) of all in-
dividuals. The higher the score, the higher the order
rank. The procedure for calculating the D, of each
individual in a group of N individuals on the basis
of the observed numbers of dyadic wins and losses
is as follows. First, the dyadic proportions of wins
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are calculated. The proportion of wins by individual
[ in its interactions with another individual j (P,) is
the number of times that i defeats j (sl_j) divided by
the total number of interactions between i and j (nj)
1e. P, =5, /n The proportion of losses by i in its
interactions with i (P ) equals 1— P If n,=0, then
P, = 0 and pP.= 0 (Gammell et al. 2003)

L,

Here w represents the sum of i’s Pij values, i.e.:
=Y P (j=1..N;j#i),

while w, represents a weighted sum of i’s

P, values (weighted by the w-values of its in-
teractants), i.e.:

=> WP (j=1.N;j=#i).

Similarly, / represents the sum of i’s Pji val-

ues, i.e.:
[=>"P,(j=1..N;j=i),

and [, represents a weighted sum of i’s Pji val-
ues (Weighted by the /-values of its interactants), i.e.:

, =2 LP.(j=1..N;j#i).

D =w+w-I-

Social network analysis

Social conflicts between each musk deer in-
dividual were converted into a binary matrix, and
the data were imported into Gephi 0.10.1 (Bastian
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et al., 2009) for conflict social network analysis.
Conflict social networks were constructed by as-
signing edge weights to the frequency of con-
flict interactions and calculating in/out and the
weighted degree for a node (Sosa et al., 2021).
The in/out-degree separately indicates the num-
ber of incoming/outgoing edges for a node, i.e.
the number of partners, with which a musk deer
received/initiated an interaction. The weighted in/
out-degree indicates the sum of incoming/outgo-
ing edge weights for a node, i.e. the sum of in-
teractions, which a musk deer received/initiated
(Foris et al., 2019).

Statistical analysis

We conducted Shapiro-Wilk tests to assess
the normality of the data. Spearman correlation
analysis was used to investigate the correlation
between hierarchy rank of conflict-initiating in-
dividual and the rank of the conflict-receiving
individual. Pearson’s Chi-squared test was used
to analyse the differences in the social learning
behaviours of different hierarchy ranks of musk
deer at the time of conflict. The Kruskal-Wallis
test analyses whether there is a difference in the
weighted degree of individuals with different hi-
erarchy ranks. The Wilcoxon signed rank test was
used to analyse the differences in social learning
behaviours of musk deer before and after the oc-
currence of conflict. Non-normally distributed
data were expressed as median (interquartile
range), and data analyses were conducted with
the SPSS 29.0 (Armonk, NY: IBM Corp), using
two-tailed probability, with a significance level
of p = 0.05. Statistical tests involving two-by-two
comparisons were adjusted for significance val-
ues (Meng et al., 2012a,b).

Results

Relationships between hierarchy structure
and conflict interaction

In the conflict social network (Fig. 1), we
found that the rank of the parties to the conflict
interaction was close. The data of individual
hierarchy ranks were normally distributed. We
found a significant positive correlation between
the hierarchy rank of the conflict-initiating in-
dividuals and the rank of the conflict-receiving
individuals (Pearson, r = 0.440, p = 0.003).
With the hierarchy rank of the conflict-initiat-
ing individual as an independent variable (x)
and the rank of the conflict-receiving individ-
ual as a dependent variable (y), the equations

65

y = 0.347x + 2.357 (p = 0.005) could indicate
the relationship between the hierarchy rank of
the initiating and receiving the conflict interac-
tions of musk deer.

Depending on the individual’s D, the indi-
viduals in each enclosure were categorised as
high-rank group (rank = 1-2), middle-rank group
(rank = 3) and low-rank group (rank = 4-6)
(Meng et al., 2012a,b). The data of the in/out and
weighted degree were non-normally distributed
(Table S1), and expressed as median (interquar-
tile range) (Table 2). There was no significant
difference in the out-degree (Kruskal-Wallis
test: H = 0.740, p = 0.390) and in-degree be-
tween individuals of different ranks in the con-
flict network (Kruskal-Wallis test: H = 0.740,
p = 0.390). But individuals in the high hierarchy
rank had the highest weighted out-degree of 67.5
and initiated conflict most frequently, and there
was a significant difference in the weighted out-
degree of individuals in the three hierarchy ranks
(Kruskal-Wallis test: H=8.605, p = 0.014), with
significantly higher weighted out-degree of in-
dividuals in the high hierarchy rank of the musk
deer (67.5) than those in the middle rank (57,
Kruskal-Wallis test: H = 2.111, p = 0.017) and
a low hierarchy rank (35, Kruskal-Wallis test:
H=2.393, p=0.035), whereas there was no sig-
nificant difference in the weighted out-degree of
low and middle hierarchy rank musk deer (Krus-
kal-Wallis test: H=0.104, p = 0.907).

Fig. 1. The conflict social network of musk deer (Moschus
chrysogaster) at the Musk Deer Farm in Zhuanglang County,
Gansu Province, China, where the numbers indicate various
ranks. The direction of arrows indicates the direction of
the conflicting behaviour and the thickness indicates the
frequency of the conflicting behaviour.
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Similarly, in the conflict social network, a
high hierarchy rank musk deer had the highest in-
degree of 70 and the highest frequency of receiv-
ing conflicts. There was a significant difference in
the weighted in-degree of individuals in the three
hierarchy ranks (Kruskal-Wallis test: H = 6.410,
p = 0.041), with the weighted in-degree of individu-
als in the high hierarchy rank significantly higher
than that of individuals in the low hierarchy rank
(41, Kruskal-Wallis test: H=2.472, p=0.013).

Relationships between hierarchy rank and
social learning

The frequency data of SL and NL of various
ranks of musk deer were non-normally distributed
(Table S2). In order to reflect more intuitively the
differences in social learning behaviours of individu-
als at different ranks, we calculated the frequency of
SL and NL as a percentage of the total frequency for
each rank separately (Table 3). Then we used cross-
table Chi-square test. The results showed significant
differences in social learning behaviour types at dif-
ferent levels (p <0.001). Pairwise comparisons (with
an adjustment level of 0.0167, o’ = 0.05/(k(k—1)/2))
were then used and the results (Table 3) showed
significant differences between the social learning
behaviours of high and middle hierarchy ranks of

musk deer (%> = 10.843, p < 0.001), between the
social learning behaviours of individuals in middle
and low hierarchy rank (> = 0.005, p = 0.002), and
no significant difference was found in social learn-

ing behaviours between high and low hierarchy rank
(> =10.027, p=0.942).

Relationship between hierarchy rank and
social learning behaviours before and after con-
flict interactions

The frequency data of SL and NL of different
ranks of musk deer were non-normally distributed.
In order to more intuitively reflect the differences in
individual social learning behaviours before and af-
ter conflict interactions, we calculated the SL and NL
frequencies as a percentage of the total frequencies
for individuals of each rank before and after conflict,
respectively (Table S3, Table S4). The social learn-
ing behaviours and non-social learning behaviours of
musk deer before and after conflict interactions were
non-normally distributed. Based on the Wilcoxon
test, there was a significant difference in social learn-
ing behaviours before and after conflict (Z = -4.681,
p < 0.001). After conflict, the social learning behav-
tour of musk deer was significantly increased, while
there was no significant difference in nonsocial learn-
ing behaviours (Z =-1.293, p = 0.196).

Table 2. The in/out and weighted degree and pairwise comparisons of different ranks of musk deer (Moschus chrysogaster) in
conflict networks. Significance values have been adjusted by Bonferroni correction method

Hierarchy rank High (H) rank (n = 26) Middle (M) rank (n = 13) Low (L) rank (n = 13)
Out-degree 2(0.75) 2 (1) 2(1)
Weighted out-degree 67.5(112) 57 (59) 35(74)
Kruskal-Wallis test H-M: H=2.111,p=0.017 H-L: H=12.393, p=0.035 M-L: H=0.104, p=0.917
In-degree 2 (0) 2(1) 2(2)
Weighted in-degree 70 (132) 54 (35) 41 (97)

Kruskal-Wallis test

H-M: H=1.680, p=0.093

H-L: H=2.472,p=0.013

M-L: H=0.561,p=0.575

Table 3. Pairwise comparison of social learning behaviour differences among different hierarchy ranks of musk deer

(Moschus chrysogaster)

Hierarchy rank Social learning

Non-social learning

Pearson’s Chi-square test

High (H) rank (n =26), % 14.5 85.5 H-M: x> =10.843, p < 0.001
Middle (M) rank (n = 13), % 40.7 59.3 H-L: > =0.005, p = 0.942
Low (L) rank (n = 13), % 14.0 86.0 M-L: ¢* =10.027, p = 0.002

Table 4. Pairwise comparison of social learning behaviours of musk deer (Moschus chrysogaster) before and after conflict

Social learning Non-social learning
Hierarchy rank
Before conflict (%) | After conflict (%) Wilcoxon test Before conflict (%) | After conflict (%) Wilcoxon test
High rank 19.6 29.6 7 =-2.865,p=0.004 22.4 27.9 7=-1499,p=0.134
Middle rank 10.7 19.1 Z=-1.823,p=0.003 15.0 16.8 Z=-0.352,p=0.725
Low rank 7.6 13.4 Z=-1.740,p =0.036 9.3 8.6 7=-0.229,p=0.819
Total 37.9 62.1 7 =-4.681,p<0.001 46.7 53.3 7=-1293,p=0.196
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Discussion

Conflict interaction is pivotal in the estab-
lishment of social hierarchy structures, with the
combative prowess of both parties significantly
influencing the course and outcome of such en-
counters (Bubak et al., 2016). In group-living
species, the behavioural patterns adopted by
animals are often contingent upon the hierarchi-
cal standings of their conspecifics (Hobson et
al., 2021). Consequently, the capacity for indi-
vidual’s status recognition is of paramount im-
portance. A study of Cervus elaphus Linnaeus,
1758 revealed that some individuals tended to
keep in proximity with others, while others con-
sistently avoided the rest of the herd. It was also
observed that some animals would repeatedly at-
tack other members of the group, while others
were never seen attacking any other musk deer
over the course of the entire period of observa-
tion (Esattore et al., 2020). Indeed, we found
that individuals exhibit equivalent in-degree and
out-degree within the conflict networks. But our
findings also corroborate the notion that conflicts
are more probable between individuals with sim-
ilar hierarchy ranks than across vastly different
ranks. The first content of our study can be used
as an evidence for the rank recognition ability of
the musk deer. Parallels can be drawn to research
on captive Gazella dorcas Linnaeus, 1758, where
individuals were found to prefer socialising with
individuals of analogous social and hierarchical
status (Cortés et al., 2024). It might be that when
the level gap between the two sides is small, the
ability of the two sides is close, and the possibil-
ity of winning the conflict interaction is similar.
Therefore, the individuals of the lower rank were
more motivated to challenge the individuals of
the higher rank (Dey & Quinn, 2014). This phe-
nomenon is congruent with theoretical models
predicting the evolution of aggressive behav-
iour based on the costs and benefits of conflict
(Parker, 1974).

The hierarchy rank is inextricably linked to
the allocation of critical resources such as mates,
territory, and access to food. Previous theoretical
models have suggested that conflict interactions
should be the greatest in dominant individuals
because of the higher benefits of obtaining rank,
and social conflict can be used to maintain domi-
nance, for example, threatening or aggressive be-
haviour (Silk et al., 2019). Our second key find-
ing aligns with this perspective. In the confines
of a captive environment, we observed that musk
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deer leverage their hierarchical status to secure
access to food resources. Individuals of higher
rank regard their peers, particularly those with
ranks closely matched to their own, as formida-
ble rivals in the contest for dominance. Conse-
quently, they are more prone to instigate conflict
with these rivals, while simultaneously circum-
venting interactions with those of significantly
lower rank. This type of conflict avoidance be-
tween individuals of higher and lower ranks is
very common in social animals, where the cost
for conflict is minimised by the deliberate avoid-
ance of confrontations between vastly disparate
ranks (Senar et al., 1990; Cortés et al., 2024).
Lower rank individuals through recognition of
hierarchy rank within the community and social
learning from the conflict interactions of other
individuals, seldom initiate conflict. Instead,
they exhibit submissive behaviours, by opting
to flee or yield when faced with higher-ranking
counterparts. This strategic choice mitigates their
exposure to injury and conserves valuable time
and energy that would otherwise be expended in
futile confrontations.

Social learning represents a critical phenome-
non within animal societies, enabling individuals
to leverage observations from social encounters,
to modulate their behaviour accordingly (Hob-
son & DeDeo, 2015). For example, Astatotila-
pia burtoni Glinther, 1894 can infer social rank
by observing the outcome of conflict interactions
with other individuals (Grosenick et al., 2007).
In instances of the conflict, bystanders are not
merely passive observers. They actively moni-
tor the progression and outcome of these interac-
tions. By doing so, they glean insights into the
dominance hierarchy and subsequently utilise this
social intelligence to inform their own behaviour,
thereby circumventing the potentially substantial
costs associated with direct conflict engagement
(Mesterton-Gibbons & Heap, 2014; Tibbetts et
al., 2022). This process underscores the survival
value of social learning in minimising risks and
optimising social status within the community.

In wild animal groups, the hierarchical rela-
tionship of middle rank individuals is the most
difficult to predict and relatively unstable, and
conflict interactions are essential for them to rise
to higher hierarchy rank (Silk et al., 2019). Con-
versely, our research observed that middle rank
musk deer in captivity engage in less conflict
interactions, yet they exhibit a marked propen-
sity for social learning behaviours, surpassing
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those of both higher and lower rank individuals.
Middle rank individuals play an important role
in connecting individuals of high or low ranks in
the enclosure, have to interact with individuals
of different ranks and face complex behavioural
strategies. Consequently, they need to cultivate
robust social learning ability and this enables
them to assimilate novel adaptive strategies
through social learning (Leimar & Bshary, 2022).
For high-rank individuals, as previously noted,
conflict interactions were predominantly insti-
gated by those already entrenched in positions of
dominance. Their focus is directed towards the
preservation of their current resources and hier-
archical status. Whereas, for lower-ranked indi-
viduals, similar to the Grooming for commodity
hypothesis (Bagnato et al., 2023), they mostly
adopt avoidance strategies to show compliance,
and this simple behavioural pattern that basically
allows them to maintain their survival in the cap-
tive environment. Therefore, all of this leads to a
lack of social learning among these individuals.

It can be speculated that the significantly
higher social learning of middle rank musk deer
than that of other ranks may reflect their adapt-
ability and flexibility in learning strategies in
complex social environments, and that this be-
havioural pattern may help middle rank musk
deer to better adapt to different stressful con-
texts and improve their chances of survival and
reproduction. Previous research have indicated
that male musk deer in middle ranks tend to se-
crete more musk than those in higher and lower
ranks. This phenomenon arises from the distinct
energy allocation strategies and varying degrees
of social stress experienced at different hierar-
chical ranks (Meng et al., 2011). Individuals of
the higher rank must allocate increased time and
energy to preserve their status, while those of
lower rank face increased aggression from their
superiors, which in turn restricts their access to
essential resources like food and shelter, thus
negatively affecting their musk secretion (Meng
et al., 2011). The significant social learning capa-
bilities observed in middle rank musk deer may
be an adaptive response, reflecting their capacity
for agility and adaptability within the complex
social conditions. This enhanced learning acu-
men could equip middle rank individuals with a
versatile repertoire of strategies to navigate the
intricacies of social dynamics.

Finally, we explored the potential shifts in the
social learning behaviours of individuals follow-
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ing conflict interactions. Our findings indicate a
notable escalation in social learning behaviours
among musk deer subsequent to conflict episodes,
while non-social learning behaviours remained
relatively unchanged. Conflict interactions serve
as a pivotal mechanism for the preservation of hi-
erarchical standings within the community. They
facilitate not only the exchange of information be-
tween the parties involved but also, through their
outcomes, demonstrate the hierarchy, enable the
displacement of rivals, and secure resources. This
process, in turn, stimulates social learning among
onlooking community members (Tibbetts et al.,
2022). Bystanders, having witnessed the conflict,
are often better positioned to anticipate the be-
haviours of other individuals (Yang et al., 2023).
Moreover, it has been observed that within ani-
mal communities, individuals may engage with a
third party following a conflict, either to mitigate
the negative repercussions or to seek indirect rec-
onciliation (Yu et al., 2005). In such instances,
individuals are likely to become more attuned to
the behaviours and standings of their conspecif-
ics, thereby enabling them to adopt suitable be-
havioural responses, including the enhancement
of social learning.

Conclusions

The establishment of a hierarchy rank offers
a dual advantage within the musk deer commu-
nity. It does not only consolidate the position of
those at the top but also shields lower rank indi-
viduals from the risks of conflict-related injuries.
Our study reveals that the hierarchy structure sig-
nificantly influences the nature of conflict inter-
actions among individuals. Dominant individuals
are more prone to direct their aggression towards
those in close proximity to their own rank, with
the majority of conflicts unfolding among the
higher ranks of the captive population. In light
of these findings, it is necessary for managers to
closely monitor the hierarchical structure and to
be mindful of the evolving dynamics within the
community. By reasonable captive group mobili-
sation, it is possible to diminish the likelihood of
conflict, thereby fostering a more stable and bal-
anced hierarchy. Such measures are instrumental
in enhancing the survival and reproductive pros-
pects of the musk deer in captivity.

Our research has also uncovered a significant
relationship between the hierarchy structure and
the social learning behaviours of the endangered
musk deer. Individuals of the middle rank ex-
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hibit the most pronounced social learning behav-
iours, necessitated by their frequent interactions
with both higher and lower rank individuals. As
such, they must employ adaptable learning strate-
gies to navigate the complexities of the captive
environment. Furthermore, our findings indicate
that the social learning behaviour of musk deer
experiences a notable upswing following conflict
interactions, which may serve as a conduit for the
dissemination of social information, critical for
preserving the integrity of the hierarchy structure.
Consequently, it is essential for managers to focus
on individuals who exhibit robust social learn-
ing capabilities, particularly those in the middle
ranks, and to intensify post-conflict monitoring
of the musk deer. This vigilance will ensure the
re-establishment of harmonious internal relation-
ships within the community and uphold the sta-
bility and well-being of the musk deer population.
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CHRYSOGASTER (MOSCHIDAE), COAEPXKXAIIINUXCSA B HEBOJIE
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Moschus chrysogaster (ppixeOproxast kabapra) siBisiercst sHneMuKoM [{naxaii-Tuberckoro Haropbs M npuie-
raomx tepputopuii B Kurae. M3-3a upe3amMepHoii dKCIuTyaTalliy B TPOLIJIOM, a TAKXKe Jerpagaliul U YHHY-
TOXKEHHs MecT obutanust, Moschus chrysogaster HaXoqUTCs IO YTPO30i NCUE3HOBEHUS M CTAJIKUBAETCS C Ce-
PBE3HBIMU yIpO3aMHU CBOEMY BBDKMBaHHMIO. [loMHMO coxpaHeHus in situ, pasBenenue Moschus chrysogaster
SIBISIETCS] BOXKHBIM M 3 (DEKTHBHBIM CPEJCTBOM COXPAHEHHS €X Situ M yCTOWYNBOTO CHAOXKEHUS pecypcamu My-
ckyca. B nukoit mpupone Moschus chrysogaster BenyT ONMHOYHBIM 00pa3 )KU3HU U OYEHb TEPPUTOPHAIIBHEI.
OnHako B HEBOJIC OHM IOJBEPraroTCss HHTCHCUBHOMY BO3IEHCTBHIO METO/IOB BEICHUS CEIBbCKOTO XO3SIHCTBA,
KOTOpBIE OTPaHUYHMBAIOT UX PaclpoCTpaHeHHe HeOOIBIINMH IIPOCTPAHCTBAMH, YTO IPUBOIUT K PAa3BUTHIO He-
papXHYECKON CTPYKTYpBI UX coobmiecT. VccienoBanue mpoBoamiiock ¢ ssaBaps 2021 . mo nexabps 2023 1. Ha
(depme o pasBeneHuro Moschus chrysogaster B yezne Uxyannan npoBuHimu [ anecy, Kuraid. [{ns usydenus
KOH(IIMKTHOTO ITOBE/ICHHS COZIEPXKALIMXCS B HeBOJIe ocobeit Moschus chrysogaster NCTIONB30BaIUCh (POKyCHAs
BBIOOpKA M pErucTpanusi Bcex HaOMIOfeHUH. AHAJIM3 COLMAIBbHBIX CETeH MCIIONb30BAJICS JUIS N3YUYCHUs B3a-
HMMOCBSI3U MEXIy COLIMAIBHBIM KOH(IIMKTOM M COLMANIbHBIM 00yueHneMm ocobeil B HeBone. IlomyueHHbie pe-
3yJIBTaThl BEISIBUIIM 3HAYNTEIIHHYIO MOJOKHUTEIBHYIO KOPPEIISILIHIO MEXK/Ty HepapXUieCKUM PaHTOM HHHIIMATOPa
KOH(JIMKTA U €T0 MOJIy4aTeis, a TAKXKE TO, YTO 0COOM ObIIM CKIIOHHBI HHULIMMPOBATh KOH(QIIUKT IPOTHB APYTUX
0co0eil, O1IM3KHUX K UX HePApXUUECKOMY PaHTY, YTO OTPAXKAJI0 HHIMBHIYAIBHYIO HACHTH()HUKAIIMIO HEPAPXUH B
coobmmectse. ConmansHoe noBeaenue ocodeit Moschus chrysogaster, OTHOCSIIUXCS K Pa3HbIM HEPAPXHUECKUM
paHraM, 3HauuMo paznndanoch. ConuanbHOE MOBeAeHHE 00yUeHUs Y 0c0o0el CpeTHero HepapXHIecKoro paHra
(40.7%) ObLIO 3HAYMMO BEINIE, YeM y ocobeil Bricokoro (14.5%) u uuskoro (14.0%) panros. [1o cpaBHeHHIO C
COIMATBHBIM TOBEICHUEM 00yUeHUs oocOert Moschus chrysogaster no xondmukra (37.9%), ©X couansHOE 1Mo-
BezieHne o0yueHus nocie KoH(uukTa (62.1%) 3Ha4MMO BO3pOCIIO, HO B HECOLUAILHOM ITOBEICHUN 00y4EHHS 10
(46.7%) n mocne (53.3%) koH(IIMKTA 3HAYUMBIX PA3INIHN HE OBUIO OTMEUCHO. DTO UCCIICIOBAHUE ITOKA3BIBACT,
YTO B YCIIOBUSIX HEBOJIHM OOJIBIIMHCTBO KOH(UIMKTOB Pa3BOPAYMBACTCS CPEIM 0COOCH BBICIIETO HEPAPXUUECKOTO
panra B coobmiectse. J{is yayunienust passenenust Moschus chrysogaster kpaiiHe BaKHO OLICHHTh KOH(IHUKT-
HBIH TOTEHIMAI M COLMAILHOCTh 0CO0EH B paMKax OoJiee MIMPOKOH uepapxuu. Kpome Toro, Mbl 0OHapyXUIn
3HAQUUTEJIFHOE MOBBIIIEHHE COLMAIBHOTO 00ydJaromiero rnoeaeHust cpenu Moschus chrysogaster mociie KoH-
(IUKTa, YTO CBUETEIBCTBYET O CYIIECTBCHHOM paclipoCTpaHeHHN HH(POPMaUU 00 MHINBUAYaIbHOM PaHTe U
00€BBIX BO3MOXKHOCTSIX CPEIH 0COOEH MOMYJISIIMHU B yCIOBHAX HEeBOJH. [Ipu3HaBasi BRIpaKEHHYIO CKIOHHOCTh
K COLIMAJILHOMY OOYyUYCHHIO y 0COOEH CpesHero nepapXxuieckoro panra B HeBoJIe, COTPYIHUKaM (epM CIeayeT
COCPEIOTOYUTRCS Ha ITHX KIIIOUEBBIX WICHaX coodmiecTBa. CHIKEHHE YPOBHS KOH(IIMKTA IyTEM PallOHAIb-
HOTO TepeMelIeH st 0co0eil MpU COXpaHEHUH MEepapXHUEeCKOW CTPYKTYpbl BHYTPH I'PYIIIBI HMEET peraromiee
3HAYEHHUE ISl YCIICIIHOTO COXPaHeHUs U pazBeieHus Moschus chrysogaster.

KaioueBble ciioBa: mepapxuueckasi CTPYKTypa, HECOLMAJIbHOE MOBEICHNE 00y4eHUs, pbhKeOproxas kabapra,
coLMalbHas CeTh, COIMAIBHOE MOBEICHNE 00y4EHHs, COXpAaHEHHE ex Sifu
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