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Abstract

Coordination and consensus in collective behavior have attracted a lot of research interest.

Although previous studies have investigated the role of compromisers in group consensus, they

provide little insight into why compromisers would allow such social arrangements to persist. In

this study, the potential relationship between group movements and conflict management in

Tibetan macaques in Anhui province, China, was investigated using hierarchical cluster analyses.

Some members with higher social centrality or social rank often formed a front-runner cluster dur-

ing group movements. They had higher leadership success than individuals outside the front-

runner cluster. Other members with lower social centrality or social rank often followed the group

movements initiated by the front-runner cluster, and thus formed the compromiser cluster.

Compromisers’ proximity relations with front-runners increased with their following scores to

front-runners. Compromisers had fewer events of being attacked when they followed group move-

ments initiated by the front-runners. The compromising process made compromisers lose the

choice of direction preference, but it could increase their individual safeties. This trade-off suggests

that compromisers play a role of decision-maker in coordination and consensus scenarios among

social animals.
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In group-living animals, multiple members often have different nu-

tritional demands, habitat selection, and the capacity to control

resources (Hansen et al. 2015a, 2015b; Lihoreau et al. 2015; Muller

et al. 2018); thus, their preferences on direction and timing of group

movements also differ from each other (Kingma 2018). They must

coordinate their actions to obtain benefits of group living, such as

reducing predation threats and allowing for the exchange of social

information (Chapman and Chapman 2000; Majolo et al. 2008).

However, group living also has its disadvantages, including competi-

tion over foods (Miller et al. 2020) and mates (Thompson 2013). If

some individuals favor their own choices above those of others in

their society, it might cause a decrease in the group cohesion, by

increasing antagonism and reducing affiliation, and eventually,

make all group members lose the benefits of group living (Paukner

and Suomi 2012; Dorning and Stephen 2017; Markham and

Gesquiere 2017).

In group movements, a consensus process is often known as

when “members of a group choose between 2 or more mutually ex-

clusive actions with the specific aim of reaching a consensus”

(Conradt and Roper 2005, p. 449). All group members usually have

opportunities to affect the decision-making process in large collec-

tives, but they play disproportionate roles (Solum et al. 2014; Ward

et al. 2018). For example, bold homing pigeons Columba livia show

a high propensity to lead a group movement, and they can arrive at
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safe locations more quickly than less exploratory individuals (Sasaki

et al. 2018). When individual choice deviates from optimality crite-

ria for movement destination, conflicts of interest occur (Alexander

1974; Smith et al. 2015). Coordination in groups (leadership, over-

taking, followership, and choice of distances: Pyritz et al. 2011)

often imposes consensus costs on some group members (Conradt

and Roper 2009). Consensus costs are defined as “members incur-

ring reduced fitness by forgoing their own optimal action to comply

with the decision outcome” (Conradt and Roper 2005). These costs

can range from mild discomfort to danger to survivorship. For ex-

ample, in spotted hyenas Crocuta crocuta, followers often spend

extra time to provide services to dominating leaders, by helping in

hunting and cooperative defense of resources (Boydston et al. 2001;

Smith et al. 2015). Further, subordinate chacma baboons Papio ursi-

nus usually accept despotic decisions, even where this forgoes their

optimal activity options (King et al. 2008). In general, a conflict of

interest is regarded as a disadvantageous occurrence that raises

obstacles to collective decision-making (Solum et al. 2014).

Therefore, social animals have taken some actions to reduce con-

flicts within groups.

Conflicts can be resolved effectively through compromise, espe-

cially in cases of “when” and “where” decisions (Solum et al. 2014).

Under such situations, some members must strike a balance between

group and individual benefits by decreasing their optimal choices

about direction and timing, thus they can be considered as compro-

misers. For example, Sankey et al. (2019) found that despite sub-

stantially lower body mass, female homing pigeons are not slower

than the males in flocking, suggesting that both sexes coordinate

their solo speed and then their groups fly at averaging speeds. Speed

compromise can maintain cohesion for groups and reduce energetic

costs for individuals (Sankey et al. 2019). Wild olive baboons Papio

anubis move in the average of suggested destinations (i.e., comprom-

ise) when the angle between initiators’ directions falls below 90�

(Strandburg-Peshkin et al. 2015). Moreover, in European bison

Bison bonasus, juvenile compromisers prefer to follow the direction

of adult females even if this direction is not their optimal choice;

compromisers allow adult females to initiate several successful

group movements and direct most movements within the herd/group

(Ramos et al. 2015). The compromising process generates stronger

group vigilance (Janson and Goldsmith 1995) and reduces aggres-

sion by conspecifics (L’heureux et al. 1995). Generally, compromise

processes are somewhat common in collective behavior and play a

role in group consensus.

While previous studies highlighted the role of compromisers in

group consensus, they provided little insight into why compromisers

would allow others to initiate and lead group movements.

Specifically, it is unclear how compromisers determine the trade-offs

between gain and loss of individual benefits. Such analyses require

experimental manipulation of animal groups, which is currently

lacking in the field.

We conducted the present study on a group of free-ranging

Tibetan macaques Macaca thibetana who often switch their location

from a provisioning area (i.e., foraging site) to the forest (i.e., social

arena). Monkeys have different directional options before the group

departs (Figure 1). Some individuals follow a direction that other

members might not (Wang et al. 2015). Consensus decisions may

need group members to determine a common direction, timing, or

destination of group travel. Potential conflicts of interest in Tibetan

macaques represent consensus costs. Individuals must regularly ne-

gotiate conflicting interests among group mates that vary in their op-

timality criteria (Wang et al. 2020). This prerequisite requires the

majority of group members to choose between collective decisions

and individual choice, representing a compromising process.

Previous studies showed that all adult Tibetan macaques could

successfully initiate group movements and distribute the leadership

during group movements (Wang et al. 2016). However, the

decision-making process not only refers to the first movers’ initi-

ation but also includes other participants’ involvement in the move-

ment. Thus, one needs to fully explore group movements in this

species and understand the members (e.g., compromisers) that might

influence the entire decision-making process.

During the study period (August to December of 2012) which

coincided with the mating season, Tibetan macaques would compete

over mates or social status (Li 1999). Monkeys showed intense aggres-

sive events in the context of mating competition. Meanwhile, mon-

keys exhibit a series of conflict management behaviors, for example,

conflict avoidance (Li 1999); hence, avoiding additional conflict

caused by conflicts of interest in movement decisions could increase

individual benefits. In this paper, we hypothesized that compromisers

would forgo preferences of movement direction, and this trade-off

would avoid attacks from opposers of direction in Tibetan macaques.

Thus, different group members might play their corresponding roles

within subgroups in a group movement. Hierarchical cluster analysis

is particularly suitable when a social organization can be resolved into

a structure of embedded hierarchical levels, such as “families” within

“groups” (Whitehead 2009). Accordingly, using hierarchical cluster

analysis, we provided some predictions as follows.

P1a: Monkeys would form consistent clusters (tend to move to-

gether) during group movements. P1b: The individuals in the same

cluster would share some tendencies, such as leadership success, fol-

lowing times, social centralities, social rank, or age. P2: The individ-

uals in 1 cluster would engage in more proximity relations with

another cluster to increase social affiliation. P3: The cluster follow-

ing another on its group departure would decrease the risk of being

attacked by that cluster and eventually increase individual benefits.

Materials and Methods

Study site and subjects
From August to December 2012, we investigated a group

(Yulinkeng 1, YA1) of Tibetan macaque at Mt. Huangshan, China.

Figure 1. Diagram of the feeding site and 3 potential directions that the

Tibetan macaques could take to reach the forest. Monkeys in the red box are

the “front-runners” and individuals in the blue box are the “compromisers.”
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During our study, the YA1 group moved freely in the forest, but to

facilitate sightseeing, monkeys were supplied daily with corn (the

total amount was less than 4 kg) by park rangers at the provisioning

area (Berman and Li 2002; Berman et al. 2008; Usui et al. 2014).

When corn was consumed, Tibetan macaques could move their loca-

tion from the feeding site to the surrounding forest. There were 3

potential directions before group departure (Figure 1).

The YA1 group consisted of 32 members, and we selected all

adults as our focal animals (Table 1) including 4 adult males and 8

adult females. All 12 adults could be identified by their unique phys-

ical characteristics such as face shape, body appearance, or hair

color (Li 1999; Xia et al. 2012).

Data collection
We observed the YA1 group for 7 h daily, which included provision-

ing activities. The total observation time was 104 days, with 219

observed cases of group departure. Once the macaques shifted from

the provisioning area to the forest, we recorded group departures

using video cameras (Canon EOS 550D, Canon, Tokyo, Japan) with

an all occurrences sampling method (Altmann 1974). The provision-

ing area was marked with reference points (Figure 1). This allowed

us to measure the exact movement distances of Tibetan macaques.

The chaotic movements triggered by conflict events or sexual chases

were not included in our data (Sueur and Petit 2008).

Initiation attempts were only recorded when two-thirds of the

group members (i.e., the majority of group members) were present

in the provisioning area. We used the following behavioral defini-

tions for collecting data on group movement (Wang et al. 2015,

2016): 1) an initiation attempt: a situation where 1 individual

rushed more than 10 m in less than 30 s from the provisioning area

toward the surrounding forest. We called this first individual the

“initiator”; 2) the following behavior: within 5 min of the initiator’s

first move, the action of any individual that walked more than 5 m

and less than 45 degrees of the orientation proposed by the initiator

(Sueur and Petit 2008). Individuals could start to follow in any pos-

ition of the provisioning area. The same criterion of 5 min was used

for the time limit of each successive joiner during group movements;

and 3) a successful initiation of group movement: the movement

included at least two-thirds of the YA1 group members.

To record conflict events among the 12 adults, we carried out

10-min focal samples (Altmann 1974) when they engaged in social

activities in the forest. Aggressive acts included staring, chases, slaps,

grabs, and bites, whereas submissive acts included displaying bared

teeth, mock leave, avoidance, fleeing, and screaming (Li 1999;

Berman et al. 2004). To document social affiliation among the 12

adults, we also used a 10-min focal sampling method to record the

duration of a focal subject’s proximity to other adults within 1 m (Li

1999; Berman et al. 2008).

Data analysis
We measured leadership success and the following score using a

standardized number of successful initiations and following behav-

ior, respectively. The standardized number was calculated as: X
0

i ¼
Xi/Ti � 1,000, where X

0

i is the standardized number for leadership

or following for individual i; Ti is the number of times individual i

was recorded; and Xi is the number of successful initiations or fol-

lowing of individual i (Jacobs et al. 2011; Wang et al. 2016).

To test whether there were any clusters during group move-

ments, we used SOCPROG 2.4 (Whitehead 2009; Funkhouser et al.

2018) to conduct a hierarchical cluster analysis based on the data of

half-weight index (HWI) matrices (Borgatti et al. 2002). HWI is

determined by dividing the number of times 2 individuals occurred

in the same group movement with the total number of group move-

ments (Cairns and Schwager 1987).

We also calculated the eigenvector centrality coefficient via HWI

matrices using SOCPROG 2.4. Eigenvector centrality coefficient

measures how closely associated an individual is to others in group

movements (Wang et al. 2015, 2020). A higher score of the eigen-

vector centrality coefficient indicates that the individual possesses

more movement partners (Newman 2004). The eigenvector central-

ity of each individual was calculated from a network based on HWI

matrices every month (August–December 2012). If we eliminated 1

individual from the network and calculated centralities, the values

would differ from previous ones. Thus, those matrices were not

regarded as independent of each other. To compare the differences

of eigenvector centralities of individuals from different clusters, we

ran the permutational multivariate analysis of variance

(PERMANOVA) in the vegan package (version 2.5-7) of R version

3.6.1.

We scored every adult’s joining order by the following formula:

1�[I�1/N�1], where I is the position of the joining process occu-

pied by the individual and N is the number of movement partici-

pants (Barelli et al. 2008). The index ranges from 1 (first position)

to 0 (last position).

The dominance rank of the 12 adults was based on a David’s

score (Gammell et al. 2003) which classifies aggressive/submissive

interactions (Li 1999; Zhang et al. 2014). The individual with a

higher David’s score was more dominant in the group.

Table 1. Characteristics of focal Tibetan macaques in the Yulinkeng 1 (YA1) group during observation

Individual Sex Dominance rank David’s score Age Leadership success Focal duration (s)

TG Male 1 64 9 44 55,200

ZL Male 2 45.27 12a 24 55,200

GS Male 3 44.63 28 52 54,600

YH Female 4 26.04 9 26 55,200

BT Male 5 9.96 20a 15 55,800

Hhui Female 6 6 7 44 54,600

YM Female 7 �6 22 76 55,800

TH Female 8 �7.22 9 106 55,800

HH Female 9 �26.35 9 24 55,800

TR Female 10 �41 8 15 55,200

TT Female 11 �53 21 44 55,200

YZ Female 12 �62.33 20 33 54,600

a These 2 individuals were immigrants from other groups. Their ages were estimated based on physical features (Li 1999; Xia et al. 2012).
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In addition, we used the Mann–Whitney U-test to compare the

variation between 2 independent samples and Spearman rank correl-

ation to analyze the relationship between 2 series of samples. These

statistical analyses and calculations were performed using the SPSS

26.0 software (SPSS Inc., Chicago, IL, USA).

Results

We verified whether adults formed subgroups when they partici-

pated in collective movements. Accordingly, we drew a social net-

work among individuals during group movements (Figure 2). A red

line between 2 individuals indicates a closer association during

group movements than a blue line.

A dendrogram was prepared with the 12 adults on the ordinate

and the degree of associations between these individuals on the ab-

scissa (Figure 3). Adults were divided into 2 subgroups: 1) cluster A

(including individuals GS, YM, TG, TH, ZL, YH, and Hhui) and

2) cluster B (including individuals BT, YZ, TR, TT, and HH).

The mean joining order of the individuals in cluster A was more

significant than that of individuals in cluster B (Mann–Whitney

U-test: NA ¼ 7, NB ¼ 5, Z ¼ �2.937, P<0.01, Figure 4). The

average value of joining orders (0.42 6 0.13) was in between the 2

clusters. This indicated that individuals of cluster A were more

often in the first half positions (i.e., front-runners) than those of

cluster B (i.e., compromisers) during group departures.

Individuals in cluster A had higher leadership success than did

those in cluster B (Mann–Whitney U-test: NA ¼ 7, NB ¼ 5, Z ¼
�1.970, P<0.05, Figure 5). Individuals in cluster A also had higher

values of the eigenvector centrality coefficient (social centrality)

than did those in cluster B (PERMANOVA: F¼10.742, R2 ¼
0.518, P<0.001). Moreover, individuals in cluster A were higher

in social rank than were those in cluster B (Mann–Whitney U-test:

NA ¼ 7, NB ¼ 5, Z ¼ �2.355, P<0.05). However, there was no sig-

nificant difference in age between individuals of cluster A and B

(Mann–Whitney U-test: NA ¼ 7, NB ¼ 5, Z ¼ �0.166, P>0.05).

Duration percentage of proximity between clusters A and B was

more significant than that within cluster B (Mann–Whitney U-test:

NA&B ¼ 12, NB ¼ 5, Z ¼ �2.355, P<0.05). This indicated that

individuals in cluster B (compromisers) increased social affiliation

with cluster A (front-runners) more often, but not with group

members in their cluster. Moreover, the duration percentage of

proximity of the 5 individuals in cluster B toward members of clus-

ter A during the 5 months (August–December 2012) was positively

correlated with the following score of cluster B (Spearman rank cor-

relation: rs ¼ 0.637, N¼25, P 0.01, Figure 6). Individuals who

were more likely to follow could stay closer to front-runners more

often than those who were unwilling to follow.

The frequency of aggression of cluster A toward members of

cluster B was negatively correlated with the leadership success of

cluster A (Spearman rank correlation: rs ¼ �0.623, N¼35, P

<0.01, Figure 7). Additionally, there was a negative correlation be-

tween the following score and the frequency of being attacked when

cluster B followed more group movements initiated by cluster A

(Spearman rank correlation: rs ¼ �0.568, N¼25, P < 0.01, Figure 8).

These results indicated that the whole aggression rate by individuals of

cluster A toward those of cluster B decreased when individuals of clus-

ter A had more successful initiations.

Discussion

In this study, we examined the role of compromisers in coordination

and consensus using hierarchical cluster analyses in free-ranging and

provisioned Tibetan macaques. We also answered why and how

compromisers made a trade-off between direction preference and in-

dividual safety in the social contexts of group movement and con-

flict management.

Tibetan macaques in this study formed 2 subgroups during their

group movements. The subgroup often ahead during group depart-

ure was called the front-runner cluster and the other following this

subgroup was called the compromiser cluster. Our results are con-

sistent with observations cited in previous studies. For example, in

Pekin ducks Anas platyrhynchos, the same class of individuals ini-

tiates most group movements and group cohesion is high when an-

other class of members preferentially follows them (Liste et al.

2015). Further, consistent controllers of movement direction are

found in zebra finches Taenopygia guttata; however, this control is

not static and it could be shifted to other foraging pairs (Beauchamp

2000). In the present study, we used a hierarchical cluster analysis to

show that a group of Tibetan macaques moving together could

make a collective decision on 3 directions of motion, even with a po-

tential conflict between the directional preferences of 2 small sub-

groups of front-runners and compromisers.

In our study, individuals who engaged in proximity relations

with front-runners more often also followed more frequently.

This could be an advantage for group cohesion. For social ani-

mals, it is widely recognized that collective decision-making

arises from social interactions between group members (Dyer

et al. 2009) and, therefore, the priority is to maintain affiliated

relationships with controllers of group movement. For example,

in free-ranging dogs Canis lupus, habitual followers develop sig-

nificantly closer spatial associations with habitual leaders during

resting, and group movements benefit from the effort of fol-

lowers to maintain close proximity with specific valuable social

partners (Bonanni et al. 2010). Moreover, before and during

group progressions, Verreaux’s sifakas Propithecus verreauxi

followers often emit vocalizations to leaders at high frequencies

that can provide information about spatial distances between

individuals and help to maintain group cohesion (Trillmich et al.

2004). Here, Tibetan macaque compromisers were more often in

proximity with front-runners than with other compromisers. We

considered that in Tibetan macaques, group members in the

Figure 2. Social network among 12 Tibetan macaque adults during group

movements. Line thickness is proportional to HWI values. The average value

of HWI is 0.27 and the maximum value of HWI is 0.42. Lines are classified as

blue color if 0<HWI� 0.27, and as red color if 0.27<HWI� 0.42.
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compromiser cluster might not maintain close social relation-

ships with every single member of their cluster, but they would

rather engage in proximity relations with front-runners. This

suggested that Tibetan macaque compromisers might develop

strong affiliative relationships with front-runners, that is, regard

front-runners as their preferred social partners.

Figure 3. Hierarchical cluster analysis for 12 adult Tibetan macaque individuals during group movements (indicated on the ordinate). The association index esti-

mates the proportion of time that 2 individuals spend together during group movements. The dendrogram indicates that all adult individuals can be divided into

2 clusters (i.e., 1 cluster in red and another in blue).

Figure 4. Mean joining order of the 12 Tibetan macaque adults during group

movements. Red color indicates the individuals from cluster A and blue indi-

cates those from cluster B. The black parallel line indicates the average value

of joining orders among the 12 adults. Individuals are presented from left to

right in descending joining order.

Figure 5. Leadership success between the 2 clusters of Tibetan macaques.

*P< 0.05.

Figure 6. Correlation between proximity relations and following scores in

Tibetan macaques of cluster B.

Figure 7. Correlation between leadership and aggression in Tibetan maca-

ques of cluster A.
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Our results showed that the front-runner cluster had higher lead-

ership success and social centrality than other members outside the

cluster. A higher score of the eigenvector centrality coefficient indi-

cated that front-runners possess more followers during group move-

ments. We believe that leadership success can be maintained when

compromisers follow front-runners’ decision-making. Some studies

also demonstrated that following or compromise can affect group

movements. For example, in chacma baboons, if less than 5 individ-

uals join the movement, the initiator normally moves back to the

group until a second attempt is made (Stueckle and Zinner 2008).

Additionally, Strandburg-Peshkin et al. (2015) found that olive ba-

boon followers are more likely to move toward the average pre-

ferred direction; they exhibit a compromise rule during group

movement. It is critical to consider the perspective of the following

individuals because group cohesion does not exist without them: all

the group members must cooperate when choosing movement direc-

tion. Thus, Tibetan macaque compromisers might obtain some ben-

efits (e.g., individual safety) derived by maintaining close

associations with front-runners while forgoing their direction

preference.

Tibetan macaques in the front-runner cluster were higher in so-

cial rank than were those in the compromiser cluster. Thus, subor-

dinate compromisers would receive more individual safety by

following the movements of front-runners because these are usually

high-ranking individuals. In fact, Tibetan macaques in the front-

runner cluster had lower aggressiveness when they initiated more

successful group departures. Meanwhile, the compromiser cluster

underwent fewer events of being attacked when they followed more

group movements initiated by the front-runner cluster. Adult

Tibetan macaques of the Yulinkeng 1 group potentially engaged in

extensive conflicts in the mating season (Li 1999; Berman et al.

2007). Thus, maintenance of group cohesion also requires conflict

management (Trillmich et al. 2004). Compromise can provide indi-

vidual safety for Tibetan macaque followers, including a decrease in

aggression from dominating front-runners. Individual safety to com-

promisers has been found in other studies. For example, in chacma

baboons, female compromisers often keep close affiliation with

male-dominant leaders; this enables them to increase protection

from predators and infanticidal males (King et al. 2008; Stueckle

and Zinner 2008). The orb spider (Argiope keyserlingi) appears to

avoid predators by compromising on foraging profitability

(Blamires et al. 2007). We suggest that the long-term benefits of as-

sociation with dominant front-runners may often outweigh

consensus costs and, thus, result in subordinates accepting front-

runners’ decisions and following their movements.

Furthermore, subordinate compromisers might not benefit by

accepting the despotic decisions of a single dominant decision-

maker (Conradt and Roper 2003; Lusseau and Conradt 2009). In

the present study, we found that individuals in group movements

can be classified into a front-runner cluster and a compromiser clus-

ter using the hierarchical cluster analysis. Thus, we consider that

subordinate compromisers are willing to follow the front-runners’

clique instead of a single leader consistently. In a previous study, we

demonstrated that Tibetan macaques do not follow a single leader’s

decision, but they were more likely to follow different members’

decisions (Wang et al. 2016). Our results further confirmed that

decision-makers of group movements not only relate to leaders or

front-runners but also include compromisers. Thus, this study

extends the previous argument that the Tibetan macaque group had

a distributed leadership rather than a personal leadership (Wang

et al. 2016).

In conclusion, our study supported the hypothesis that Tibetan

macaque compromisers can make a trade-off in coordination and

consensus scenarios among social animals. Compromisers increase

individual safety by forgoing their direction preference. Moreover,

the results seem to indicate that adult males tend to be included in

the front-runner cluster than in the compromiser cluster (3 vs. 1)

while there was no difference in the number of adult females be-

tween the 2 clusters (4 vs. 4). Future works can quantify the possible

differences in benefits and costs between males and females in the

context of collective behavior.
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