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Simple Summary: The conservation of wild and zoo-housed Asian elephants partly depends on
developing our understanding of male elephant social behavior. Once thought to be solitary, we now
know that male elephants can display rich social exchanges with both males and females. However,
these interactions are expected to change with age and around the sexually active state of “musth.” We
used behavioral data from wild and zoo-housed elephant populations to investigate how age, musth,
and environmental factors influence how male elephants socialize and associate with group members.
In Sri Lanka, only male elephants of older age (>20 years) exhibited signs of musth, but even some
of the youngest zoo-housed elephants underwent musth (as young as 11 years). Additionally, we
found that age and musth status predicted whether a wild male elephant associated with females,
other males or was alone, as well as the number of conspecifics (males and females) in the same
group with which a male was observed. Finally, rates of aggression, prosocial behavior (affiliative
behaviors that promote positive social bonds between elephants), and submissive behavior exhibited
by wild and zoo-housed male elephants were associated with age, musth status, the number of
elephants presented, and group type (all-male or mixed sex). These results provide motivation for
future studies of social behavior in male Asian elephants, as they will contribute to the reproduction
and conservation of this endangered species.

Abstract: Asian elephants are endangered, and the long-term viability of the species depends on
integrative approaches to address the sustainability of in-situ and ex-situ populations. Growing
evidence shows that male elephants exhibit extensive and flexible social behavior that rivals the
complexity of that of females. Male elephant sociality is expected to change dramatically around
the unique sexual state of musth. However, data related to male Asian elephant sociality is lacking.
Here, we conducted complementary observations in Wasgamuwa National Park, Sri Lanka, and
North American zoos of male Asian elephant social behavior. Age and musth status, along with other
factors, were associated with variation in social behavior and group formation of males. In wild male
elephants, both musth status and age impacted elephant associations within all-male and mixed-sex
groups: non-musth elephants were generally sighted less often in mixed-sex groups as they aged,
while the inverse occurred with musth elephants. Musth status interacted with age to predict the
number of conspecifics with which a wild male elephant associated: younger males were observed
with more females during non-musth (but the opposite was true during musth), and male elephants
between 20 and 30 years were observed with the highest number of male conspecifics except during
musth. Finally, we found variation in aggression, prosocial behavior, and submissive behavior was
influenced by intrinsic (age and musth status) and extrinsic factors (group size and type) in similar
ways in both populations; prosocial behavior was most common and was influenced by the number
of conspecifics present (both populations), and age, group type, and musth status (zoo population),
while aggression was rare, especially among older elephants. We suggest that longitudinal studies of
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this threatened species will be particularly helpful to promote the reproduction and conservation of
Asian elephants in in-situ and ex-situ environments.

Keywords: age; all-male groups; Asian elephant; conspecifics; intrasexual competition; mate choice;
mixed-sex groups; musth; sexual selection; Sri Lanka

1. Introduction

Asian elephants (Elephas maximus) exhibit polygynous mating strategies, whereby males
compete to secure as many mating opportunities as they can afford [1–3]. As such, competition
among and between males for access to receptive females can be high. Females are philopatric
and typically remain in semi-stable natal groups with female relatives and their offspring [4,5],
and males disperse in early adulthood to form fewer permanent all-male groups or to move
solitarily [6–8]. Therefore, to gain access to estrous females, male elephants announce their
intent to reproduce through musth. Musth is a reproductive condition that occurs regularly
but asynchronously among males [9,10], and it is initiated by a surge in serum androgens that
induce a suite of behavioral and physiological changes [11–15]. Musth is also characterized by
various signals of multiple sensory modalities (chemical, visual, and/or acoustic components)
that apparently promote inter- and intrasexual social interactions [16]. While the social
correlates and consequences of musth in African savanna elephants (Loxodonta africana) have
been well-described [17,18], there is still much to be learned about musth and social behavior
in Asian elephants. Further, understanding species-specific drivers of reproduction (i.e., sexual
selection and social behavior) is critical for the management of healthy, sustainable in-situ and
ex-situ wildlife populations [19,20].

Musth in Asian elephants functions as a sexually selected signal to facilitate female
mate choice (intersexual selection) and mediate male–male competition (intrasexual se-
lection) [16]. Recent evidence suggests that musth serves as a roving strategy by which
males traverse large areas in search of estrous females, broadcasting their sexual status to
potential mates [21,22]. Female elephants appear to be more receptive to musth males [1,21];
in turn, these males should secure more mating opportunities, thus increasing their fitness
over that of non-musth males. Other factors not necessarily related to musth status may
also impact female preference, including age [17]. Indeed, female elephants appear to
prefer to associate with older males [1,21], who are also larger because male elephants
continue to grow throughout their lives [23,24]. By better characterizing the changes in the
social behavior of male Asian elephants, we can more confidently identify factors like age
and musth status that contribute to intersexual selection and female mate choice. Still, in
polygynous species like Asian elephants, a male’s mating success can also be influenced
by factors other than female choice, such as male dominance and competitive ability rel-
ative to other male conspecifics. Although younger male elephants are virtually always
subordinate to older males [2], musth status seems to outweigh age-based dominance
hierarchies [25–27], diffusing combative and potentially costly interactions between males.
However, male elephants are regularly observed in groups—though in less permanent
and/or defined associations than female elephants—that presumably confer some of the
benefits of group-living, especially in changing environments (e.g., human-dominated
landscapes) [6,8,28,29]. While few studies have investigated the factors that drive male–
male sociality in elephants, there is evidence that both musth status and age interact to
influence male–male group formation [2,7]; specifically, older males, especially while in
musth, are generally more solitary compared to younger males, and young male elephants
very commonly associate with each other during non-musth periods. To better understand
why male Asian elephants exhibit flexible association patterns and the adaptive value of
these male–male groups, we should characterize the social behavior (e.g., agonism, proso-
cial behavior, dominance behavior) exhibited by these males. Such studies would bring
context to the ecological and evolutionary motivations of male elephants and why they
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form groups in some situations but not others. This fundamental information is required
for integrative, sustainable elephant population management strategies.

Male elephants are most frequently implicated in human-elephant conflict (HEC) [30–32],
potentially motivated to forage upon human crops as they travel longer distances searching
for receptive mates. This may be especially true during musth, when males may be apt to
engage in HEC to meet their energetic needs, particularly if it provides access to nutritious
crops. Targeted approaches to HEC are necessary for the long-term sustainability of the
endangered Asian elephant [33,34], and integrating behavioral approaches will be impor-
tant in the development of conservation and mitigation plans [35]. To effectively approach
HEC with a more holistic understanding of biological and ecological drivers of HEC [35,36],
we suggest prioritizing efforts that seek to develop our understanding of male elephant
socioecology. At the same time that in-situ elephant populations are threatened, ex-situ Asian
elephant populations (i.e., those bred and housed in human care, including in zoos, private
ownership, elephant camps, and other similar parks and facilities) are critical to the long-
term viability of the species [37,38]; approximately one-third of the remaining global Asian
elephant population exists in human care [3,39]. While ex-situ elephant populations have
been historically female-biased, the proportion of males in captive populations is now higher
than ever and will only continue to increase with enhanced breeding success [40]. In addition
to better understanding male elephant socioecology to characterize the unique condition of
musth, there is also a pressing need to develop best practices in housing and care for male
elephants in environments that serve their physical, behavioral, and social requirements [41].
Complementary in-situ/ex-situ studies serve to inform the conservation of elephants with
information from free-ranging populations, while also providing opportunities for detailed
study in more controlled, managed environments. Such endeavors begin with a foundational
knowledge of the natural history and social organization of elephants.

The purpose of this study was to use a complementary in-situ–ex-situ approach to
identify factors that influence the social behavior of male Asian elephants, including
aggression, prosocial behavior, dominance behavior, submissive behavior, and group
formation. Building upon the work of long-term data on Asian elephant social organization
and reproductive strategies (e.g., [1,7,21,22,42]), we aimed to contribute to growing evidence
of the social complexity of male elephants using behavioral data we collected from wild
elephants (observed in Wasgamuwa National Park, Sri Lanka) and zoo-housed elephants
(observed in facilities across North America). Here, we describe (1) the effects of age and
musth status on social group formation and composition (in wild elephants only); and
(2) factors such as age, musth status, group type, and number of conspecifics that may
interact and influence a range of social behaviors (in both wild and zoo-housed elephants).
Specifically, (1) we hypothesized that age and musth status interact to predict the likelihood
of a wild male elephant being sighted in all-male and mixed-sex groups and the time spent
in those groups [6,7,21]. Additionally, (2) we hypothesized that age and musth status would
be the primary drivers of changes in social behavior in all-male and mixed-sex groups in
both wild and zoo-housed elephants. We anticipated the rates of aggression to be highest in
all-male groups across a broad age range, and prosocial behavior would be most common
in mixed-sex groups when the focal animal was older and/or in musth, consistent with
predictions that musth is a roving strategy [21,22]. Because of their role in establishing and
maintaining dominance hierarchies among male elephants [2,43], we hypothesized that
dominance and submissive behaviors would be more common in all-male groups, with
older, musth males more frequently exhibiting dominance and younger males showing
submission. For all analyses involving wild and zoo-housed elephants, we expected results
to be similar between populations because of the apparent importance of musth and other
reproductive strategies [15,41,44].
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2. Materials and Methods
2.1. Study Sites and Subjects

We observed male Asian elephants in two environments: wild elephants in Wasga-
muwa National Park, Sri Lanka, and zoo-housed elephants in captive facilities in the United
States. In Sri Lanka, observers collected behavioral data opportunistically on 57 days from
December 2018 to April 2019—between 06:00 and 18:00 each day—from a vehicle while
driving on park roads and trails. When observers encountered elephants, the composition
of the group (number of adult males, adult females, juveniles, and calves) was noted;
a group was defined as all elephants within 100 m of each other, moving or feeding in
apparent coordination. We also photographed each adult male we encountered with a
DSLR camera (Nikon D60 body fitted with AF-S VR Zoom-Nikkor 70–300 mm f/4.5–5.6 G
IF-ED telephoto lens, Nikon USA) for future identification. Of 382 total elephant sightings,
256 (67.0%) included adult males. Adult male elephant sightings consisted of solitary
males (n = 133, 52.0% of male sightings), mixed-sex groups with at least one adult male
and one adult female (n = 83, 32.4%), and all-male groups with at least two adult males
and no females (n = 40, 15.6%). Over the course of the study in Sri Lanka, we reliably
identified 71 adult male elephants. We sighted 52 of these elephants at least once in a social
group during which behavioral observations were conducted, comprising 136 observation
sessions (median number of observations per elephant = 2, ranging from 1 to 10, with
47 observations in all-male groups and 89 in mixed-sex groups).

At captive facilities in the US, we conducted observations on 26 male elephants
between July 2018 and April 2021 [15]. We did not alter the routine husbandry conditions
(e.g., diet, feeding schedule, animal training practices, housing environments) at any facility,
and all zoo elephants in this study were managed using protected contact. We aimed to
conduct paired observations on each elephant, one week when the male was in musth
(determined by the sustained presence of temporal gland secretions and/or urine dribbling)
and one week when he was out of musth. Not all males exhibited a distinct musth episode
over the study period and logistics prevented sampling all the remaining males in both
musth and non-musth conditions. In total, we conducted 392 observation sessions on these
elephants, with 132 sessions from 15 male elephants occurring when the focal animal was
housed in a social group (median number of observations per elephant = 9, ranging from
1 to 17, with 58 observations in all-male groups and 74 in mixed-sex groups).

2.2. Observation Protocols

All protocols were approved by George Mason University’s IACUC (1168839-1) and all
other participating facilities; permission for fieldwork in Sri Lanka was obtained from the
Department of Wildlife Conservation (WL/3/2/57/18). We aimed to conduct behavioral
observations on wild and zoo-housed elephants in a similar fashion. At the beginning
of each observation, we noted the male’s visible musth features [the extent of temporal
gland secretions (TGS) and urine dribbling (UD), using published standards [45]], later
classifying a male’s musth status as non-musth, pre-musth, full-musth, and post-musth
based on behavioral descriptions by LaDue et al. [15]. In Asian elephants, both TGS and
UD are almost always only exhibited by males in musth, and so these signs can be used to
quickly ascertain musth status in the field [46]. While the age of each zoo-housed elephant
was known (mean ± SD age at the beginning of the study = 25.71 ± 15.85 years, ranging
from 8.28 to 56.01 years), we estimated each wild male elephant’s age using criteria from
Varma et al. [47]: 10 to 15 years, 15 to 20 years, 20 to 30 years, 30 to 40 years, 40+ years.

For this study, we only included observation sessions during which the focal animal
was recorded in a group with at least one other elephant, either in a mixed-sex group
(with at least one female) or an all-male group (at least one additional adult male and
no females). On wild elephants, we conducted observations of ~15 min (mean ± SD
observation time = 12.5 ± 3.6 min), and the order of observation in multi-male groups was
determined randomly. If time permitted, we performed a maximum of three observations of
an elephant during each sighting; for groups with multiple males, the time spent observing



Animals 2022, 12, 1215 5 of 22

each male was equal to minimize the oversampling of individual elephants. Observations
on zoo-housed elephants lasted 60 min, minus any time the animal was unexpectedly
under the control of a handler (mean ± SD observation time = 58.5 ± 2.9 min). At each site
visit to a US elephant facility, we aimed to conduct two observations daily—once in the
morning and once in the afternoon—over a five-day period on each male elephant, totaling
a maximum of ten observation sessions (i.e., ten hours) per elephant per visit. For both wild
and zoo-housed elephants, we conducted observations live using ZooMonitor (Tracks®

Software and Lincoln Park Zoo) on a touchscreen tablet [48]. After the COVID-19 pandemic
began in March 2020, we used video recordings collected by zoo staff to observe zoo-housed
elephants. All observations for both wild and zoo-housed elephants were conducted by
the same observer (C.A.L.); intraobserver reliability at the beginning and end of the study
was confirmed with >95% agreement via an index of concordance [49].

During observations of both wild and zoo-housed elephants, we utilized all-occurrence
focal animal sampling [50] for social behaviors of interest (Table 1). We classified each
of these social behaviors into four broader categories: aggression, prosocial behavior,
dominance behavior, and submissive behavior. All social behaviors (e.g., displace, lead,
push) involved a sender/initiator and receiver, and most were classified differently based
on whether the focal animal was the sender or receiver of the behavior. All social behaviors—
whether the focal animal was the sender or receiver—were included in our analyses.

Table 1. Ethogram of Asian elephant social behaviors used in this study. All behaviors were classified
into one of four categories: aggression, prosocial behavior, dominance behavior, and submissive
behavior. For most behaviors, categories were dependent on whether the behavior was sent (initiated)
or received by the focal animal; these dependencies are indicated in the columns “Send” and “Receive”
with checkmarks (X).

Category Send Receive Behavior Definition

Aggression

X Bite Use teeth to contact another elephant
X Head-butt Use forehead and/or base of trunk to contact another elephant

X Push Other than with the head or trunk, use a part of the body to move another
elephant (includes tusk and kick)

X Spar

Elephants face each other with raised chins, pulling and pushing with
intertwined trunks; contact tusk(s)/tush(es) with another elephant,
accompanied by a forward lunging motion; focal animal initiates
interaction

X Trunk swing Throw trunk out quickly in direction of elephant within one body length
away without contact

X X Approach Within one body length of another elephant, locomote towards elephant,
without recipient moving away

X X Rub Use head, body, and/or leg(s) to contact another elephant for more than
one sec

X X
Trunk
entwine Wrap trunks mutually (other than in sparring context)

Prosocial
behavior

X X Trunk touch
Trunk tip touches or attempts to touch another elephant on one of the
following: anus, body, ear, genitals, head, mouth, temporal gland, trunk,
other
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Table 1. Cont.

Category Send Receive Behavior Definition

Dominance
behavior

X Chase Rapid pursuit of another elephant that is moving away from focal animal

X Displace Move to within one body length of another elephant, who apparently
leaves as a result of the proximity

X Hoard
Prevent another elephant from using a resource, either actively (through
quick contact) or passively (body positioning) (e.g., food, water, mud
wallow)

X Lead Be followed within one body length of another elephant for at least two
body lengths in distance

X Steal Take resource from another elephant that is actively consuming that
resource (e.g., food, water, mud wallow), preventing them from using it

X Back-up Conspecific walks backward to within one body length of focal elephant (or
rump turned toward focal elephant in proximity)

X Leave Conspecific moves away from focal elephant that is within one body length

X Share While consuming a resource, another elephant allows focal animal to use
same resource (e.g., food, water, mud wallow)

X Back-up Walk backward to within one body length of conspecific (or turn rump
towards elephant in proximity)

X Bite Another elephant uses teeth to contact focal elephant

X Chase Conspecific rapidly pursues focal elephant, and the focal elephant is
moving away from the initiator

X Displace Conspecific moves to within one body length of focal elephant, who
apparently leaves as a result of the proximity

X Head-butt Conspecific uses forehead and/or base of the trunk to contact focal elephant

X Hoard
Conspecific prevents focal elephant from using a resource, either actively
(through quick contact) or passively (body positioning) (e.g., food, water,
mud wallow)

X Lead Follow within one body length of another elephant for at least two body
lengths in distance

X Mount Another elephant places forelegs on back of focal elephant

X Push Other than with the head or trunk, conspecific uses a part of the body to
move focal elephant (includes tusk and kick)

X Spar
Elephants face each other with raised chins, pulling and pushing with
intertwined trunks; contact tusk(s)/tush(es) with another elephant,
accompanied by a forward lunging motion; conspecific initiates interaction

X Steal Conspecific takes a resource from focal elephant that is actively consuming
that resource (e.g., food, water, mud wallow), preventing them from using it

X Trunk swing Conspecific throws trunk out quickly in the direction of focal elephant less
than one body length away without contact

Submissive
behavior

X
Trunk over
back

Conspecific places at least two-thirds of trunk over the back, head, or neck
of the focal elephant

2.3. Data Analysis

We used R version 4.1.0 [51] to conduct all analyses, including the following packages:
AICcmodavg [52], lme4 [53], MuMIn [54], and tidyverse [55].

2.3.1. Effect of Age on Musth

Our dataset prevented us from carrying out regression-type analyses to investigate
the effect of age on the occurrence of musth (e.g., low and uneven sample sizes, short-term
data on wild elephants), so we conducted descriptive statistics to report the percentage of
wild and zoo-housed male elephants in our sample population that we observed in musth
and non-musth states. Due to the small sample size, we used a binary musth descriptor
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in this descriptive analysis, defining “non-musth” as a male being in either the non- or
post-musth stages, and “musth” as being in either the early or full musth stages [15].

2.3.2. Effect of Age and Musth Status on Wild Social Group Composition

We used a linear mixed model (LMM) approach to investigate the influence of age and
musth status on group formation in wild elephants; we did not conduct this analysis on
zoo-housed elephants because their social groups were not formed by choice (i.e., facility
and husbandry limitations resulted in the zoo-housed elephant groups we sampled). For
each identified male, we separately calculated the average number of female and male
conspecifics with which he was sighted out of musth and in musth during the study period.
These binary musth categories were used due to the low sample size in some age classes
and are defined in the previous subsection. Then, we constructed two linear mixed models
(one for the number of female conspecifics and another for male conspecifics) with number
of conspecifics as the response variable, and the interaction between age class and musth
status (musth or non-musth) and the main effect terms were included as fixed effects. We
used individual males as replicates, and so focal male identity was included as a random
factor in this model. Finally, we utilized the marginal coefficient of variation (R2

c) to
estimate the models’ predictive value.

To identify significant differences in the number of conspecifics (female or male)
between categories defined by focal male age class and musth status, we conducted factorial
analyses of variance (ANOVAs). These ANOVAs used age class and binary musth status
(non-musth or musth) as fixed factors.

2.3.3. Factors Influencing Male Social Behavior

To account for differences in observation lengths, we determined a rate for each
behavior in the number of events per hour, calculated by multiplying the number of
events in an observation session by 3600 and then dividing the product by the number
of seconds during which the focal animal was visible. Because social interactions were
relatively rare, we subsequently summed rates of behavior of the same category to use in
our analyses: aggression, prosocial behavior, dominance behavior, and submissive behavior.
Furthermore, to analyze changes in the relative frequencies of social behavior, we calculated
the total number of social interactions exhibited by/to the focal animal for each observation;
this total was used to determine the proportion of all social interactions dedicated to
each type of social behavior (aggression, prosocial behavior, dominance behavior, and
submissive behavior) during an observation.

Differences in the relative frequencies of the four social behavior categories were ana-
lyzed graphically and with descriptive statistics. To further identify factors that influence
social behavior variation (including in nearest neighbor scores), we generated LMMs for
wild and zoo-housed elephants separately using an information theory approach [56–58].
We constructed models separately for the rates of each of the four types of social behaviors
(aggression, prosocial behavior, dominance behavior, and submissive behavior) as response
variables. We included the following variables as fixed effects: musth status (non-musth,
early musth, full musth, and post-musth, as determined by temporal gland secretions),
age (actual age in years for zoo-housed elephants, estimated age class for wild elephants),
group type (all-male or mixed sex), and the number of elephants present (including the
focal animal). We included the focal animal as a random intercept in all models to account
for repeated observations on the same animals. We developed a list of candidate models
encompassing these factors, including potential interactions between musth status, age,
and group type (Table S1). Then, we ranked these models via Akaike Information Criterion
values, corrected for small sample sizes (AICc) [56] via maximum likelihood estimation.
After identifying each “best” model with this approach, we excluded non-significant vari-
ables (p > 0.05) with a modified χ2 test using a restricted maximum likelihood approach to
identify the final model for each behavioral category and method of measurement (relative
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frequency and behavioral rate). We estimated the explanatory value of these final models
with marginal coefficients of variation (R2

c).

3. Results

Over the study period of each population (34 months for zoo-housed elephants,
5 months for wild elephants), we noted differences between age classes in the occurrence of
musth (Figure S1). We identified 72 adult male elephants (≥10 years old) in Wasgamuwa
National Park, Sri Lanka, over the study period. Fifty-five of these males were sighted only
out of musth, 10 only in musth, and seven both in and out of musth. We never observed
males of the two youngest age classes (10–15 years and 15–20 years, n = 32), or of the
oldest age class (≥40 years, n = 2) in musth. For zoo-housed elephants, the youngest male
we observed with visible musth features (i.e., temporal gland secretions and/or urine
dribbling) was 11.7 years old. Of the 22 remaining zoo-housed elephants over this age,
19 exhibited musth during the study period. Thirteen zoo elephants were 20 years old or
younger during the study, and nine of these males showed signs of musth. Six zoo-housed
elephants were over 40 years old; five of these males exhibited musth.

3.1. Effect of Age and Musth Status on Wild Social Group Composition

In Wasgamuwa, we observed 2.7 ± 1.0 (average ± SD) adult males in all-male groups
and 2.7 ± 2.2 adult males (and 7.9 ± 5.2 adult females) in mixed-sex groups. The total
group size of all-male groups ranged from two to six elephants, and from two to 45 for
mixed-sex groups (including juveniles and calves). Of the 48 sightings that included at
least one musth male, 16 sightings (33.3%) occurred while the male was solitary, seven
(14.6%) while the male(s) was/were in an all-male group, and 25 (52.1%) while the male(s)
was/were in a mixed-sex group. However, we rarely sighted two musth males in the same
group: three sightings of all-male groups consisting of two musth males and two sightings
of two musth males in mixed-sexed groups; however, we did not observe direct social
interactions between the males in these cases. We did not observe three or more musth
males in the same group.

Focal males that were older and in a non-musth state were generally observed more
frequently solitarily or in all-male groups (and less frequently in mixed-sex groups), except
for the two >40-year-old males we observed (Figure 1). For instance, non-musth males in
the 10–15 years age category were recorded in mixed-sex groups in 65.6% of sightings and
only 15.6% in all-male groups and 18.8% as solitary males; by 20–30 years and 30–40 years,
non-musth males were only observed 50.0% or 18.8% of sightings, respectively, in mixed-
sex groups, and 26.3% or 43.8% in all-male groups and 23.7% or 37.4% solitarily. However,
this trend was reversed for males in musth, with a greater proportion of sightings of 30- to
40-year-old musth males in mixed-sex groups (59.4% of sightings) than 20- to 30-year-old
musth males (21.1% of sightings).

We found that the interaction between age and the binary musth status of a wild male
elephant explained much of the variation in the number of females with which he was
observed (R2

c = 0.783) (Table 2a). Specifically, males in musth were sighted with more
females in the group, with the number of females decreasing with the age of the male.
However, a factorial ANOVA did not reveal significant differences between males due
to age (F4,72 = 2.305, p = 0.066), musth status (F1,72 = 0.474, p = 0.493), or the interaction
between these two factors (F1,72 = 1.523, p = 0.221) (Figure 2a). When we analyzed the
same dataset to test the effect of age and musth status on a focal animal’s male conspecifics,
our model explained less variation (R2

c = 0.317) (Table 2b). Still, these factors had the
opposite effect on the number of male conspecifics compared to females, with males in
musth associating with fewer male conspecifics on average; the age of the focal animal
had a positive or slightly negative effect on the number of male conspecifics in the group.
Specifically, males in the 20–30 year age class tended to have the most male conspecifics
in their social group (all other age classes were associated with fewer male conspecifics),
except when the focal male was in musth; in this case, the number of male conspecifics
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was lower in this age class. While lack of data prevented us from further investigating
the interaction between age and musth in this context, these findings were confirmed by
the results of the factorial ANOVA: musth status, F1,72 = 4.482, p = 0.038; age, F4,72 = 0.842,
p = 0.503; musth by age interaction, F1,72 = 0.013, p = 0.910 (Figure 2b).
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Table 2. Summary of linear mixed model (LMM) for number of (a) females and (b) male conspecifics
(not including the focal animal) present in social groups of wild male Asian elephants in Wasgamuwa
National Park, Sri Lanka. Positive estimates of fixed effects (the interaction between binary musth
status and age class and their main effects) indicate a positive effect of each factor on the number of
females present. For musth status, “non-musth” was the reference value, and the 10–15 year age class
was the reference value for age class. Rank deficiency in the fixed effect model matrix resulted in
several excluded coefficients (marked by “—”). SE = standard error.

Fixed Effect Estimate SE t-Value

(a) Number of
females in group

Intercept 5.680 1.155 4.918
Musth 3.305 1.393 2.373
15–20 year –1.948 1.461 –1.334
20–30 year –2.953 1.426 –2.070
30–40 year –5.060 1.785 –2.834
>40 year 1.785 3.055 0.584
Musth: 15–20 year — — —
Musth: 20–30 year –4.195 1.804 –2.325
Musth: 30–40 year — — —
Musth: >40 year — — —

(b) Number of
males in group

Intercept 2.088 0.451 4.626
Musth –0.791 0.759 –1.042
15–20 year –0.173 0.571 –0.304
20–30 year 0.632 0.565 –1.119
30–40 year –0.056 0.739 –0.075
>40 year 0.198 1.194 –0.166
Musth: 15–20 year — — —
Musth: 20–30 year –0.433 0.965 –0.448
Musth: 30–40 year — — —
Musth: >40 year — — —
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Figure 2. Boxplots of the association of age and binary musth status of male Asian elephants in
Wasgamuwa National Park, Sri Lanka, with the number of (a) adult females and (b) adult males in a
male’s group. For simplicity, ages and age classes are condensed into younger (10 to 30 years) and
older (>30 years) age categories in this plot. Boxes extend from the first to the third quartile, with the
median indicated by a thick line; fences extend to 1.5 times the interquartile range, and closed circles
indicate values outside this range.



Animals 2022, 12, 1215 11 of 22

3.2. Factors Influencing Male Social Behavior

We found limited evidence that the relative frequencies of each type of social behav-
ior (aggression, prosocial behavior, dominance behavior, and submissive behavior) were
associated with the age and/or musth status of either wild or zoo-housed male elephants.
Upon performing descriptive statistics, aggression was rare, making up on average ± SD
0.6% ± 3.2% of social behaviors exhibited by wild elephants and 6.2% ± 8.8% by zoo elephants
(Figure 3). In zoo elephants, aggressive behavior was more common with the age of the focal
animal and in all-male groups, but this did not appear to be true in wild elephants. The most
frequently occurring social behavior in male elephants was prosocial behavior, comprising
72.5% ± 29.6% and 68.5% ± 18.9% of all social behaviors in wild and zoo-housed elephants,
respectively, and it was more common in mixed-sex groups compared to all-male groups
in zoo elephants (Figure 3), and in larger groups in wild elephants. Dominance and sub-
missive behaviors were comparatively infrequent (dominance: 16.2% ± 24.2% for wild, and
18.2 ± 16.2% for zoo-housed; submissive: 10.6 ± 22.7% for wild, and 7.2% ± 10.1% for zoo-
housed). Musth status was not associated with the relative frequencies of any social behavior.
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Figure 3. Relative frequencies of social behavior (aggression, prosocial behavior, dominance behavior, and
submissive behavior) between wild and zoo-housed male Asian elephants, separated by social group-type
(all-male or mixed sex) and age of focal animal (younger = 10–30 years old, older = 30+ years old). For
simplicity, ages and age classes are condensed into younger and older age categories in this plot.



Animals 2022, 12, 1215 12 of 22

The rates of each type of social behavior reflected the relative frequencies of these
behaviors described above, and when we analyzed the factors that influenced these rates,
we found that various factors affected wild and zoo-housed elephants differently (Table 3,
Table S2 and Table S3). Socially aggressive behaviors infrequently occurred during ob-
servations, on average ± SD for wild elephants at a rate of 0.1 ± 0.9 events/h and
2.0 ± 4.0 events/h for zoo-housed elephants. Age class predicted much of the varia-
tion in aggression rates in wild elephants (R2

c = 0.371), with decreased aggression as
elephants aged (Figure 4). Conversely, age was positively related to aggression rates in
zoo-housed elephants—and it was less common in mixed-sex groups, especially those
containing older male(s)—but the predictive value of this model was relatively weak
(R2

c = 0.142). Corroborating the analysis of the relative frequencies of social behavior,
prosocial behaviors were much more commonly observed, with wild elephants exhibiting
9.9 ± 13.3 events/h and 11.7 ± 10.1 events/h for zoo elephants. The number of elephants
present with a focal male elephant was positively related to rates of prosocial behavior
in wild elephants (R2

c = 0.239), while a variety of factors influenced prosocial behavior
in zoo-housed elephants (R2

c = 0.476): prosocial behavior increased with age and musth
progression, and it was also more common in mixed-sex groups and during observations
with more elephants present (Figure 5). Dominance and submissive behaviors were ob-
served at relatively low, consistent rates across wild (dominance = 2.1 ± 4.7 events/hr;
submissive = 1.3 ± 3.7 events/hr) and zoo-housed (dominance = 3.3 ± 4.7 events/hr;
submissive = 2.0 ± 4.4 events/hr) elephants. Rates of submissive behavior in zoo-housed
elephants were predicted by musth status (submission generally decreased in frequency as
musth progressed) and were more frequent with age and in all-male groups (R2

c = 0.276)
(Figure S2). However, none of the factors we measured predicted submissive behavior
in wild elephants. Similarly, we did not identify any contributing factors to the rates of
dominance behaviors in wild or zoo-housed elephants.

Table 3. Summary of linear mixed models (LMMs) identified via AIC-guided model selection
procedures for rates of social behavior in wild and zoo elephants, constructed separately. Positive
estimates of fixed effects indicate a positive effect of each factor on the rate of each type of social
behavior (aggression, prosocial behavior, dominance behavior, and submissive behavior). Age class
was used to estimate the age of wild elephants (10–15 years, the youngest age class, was used as the
reference value), while the exact age of each zoo-housed elephant measured in years was known.
Group type (“Group”) was either all-male (the reference value) or mixed sex. The factor “Eles present”
was measured by the number of conspecifics present during the observation. Musth status was
defined by non-musth (reference value), early musth (“Early”), full musth (“Full”), or post-musth.
Est. = Estimate; SE = standard error.

WILD Est. SE t-Value ZOO Est. SE t-Value

Rate
aggression

Intercept 0.922 0.252 3.660 Intercept 0.545 1.565 0.987
15–20 years −0.751 0.314 −2.393 Age 0.118 0.105 1.123
20–30 years −0.916 0.310 −2.954 Group (mixed) −0.964 1.910 −0.505
30–40 years −0.922 0.354 −2.605 Age:Group 0.167 0.111 1.508
40+ years −0.922 0.532 −1.731

Rate
prosocial
behavior

Intercept 3.985 1.541 2.586 Intercept 6.387 3.806 1.678
Eles present 0.596 0.106 5.646 Early musth −34,250 7711 −4.441

Full musth 29,260 24,320 1.203
Post-musth 13,230 9.044 1.463
Age 0.0174 0.244 0.071
Group (mixed) 4.292 4.452 0.964
Eles present 3.968 0.806 4.921
Early musth:Age 2920 657.5 4.442
Full musth:Age −2418 2010 −1.202
Early:Group 34,250 7712 4.441
Full:Group −29,270 24,320 −1.204
Age:Group −0.406 0.257 −1.577
Early:Group:Age −2920 657.5 −4.442
Full:Age:Group 2418.0 2010 1.203



Animals 2022, 12, 1215 13 of 22

Table 3. Cont.

WILD Est. SE t-Value ZOO Est. SE t-Value

Rate
dominance
behavior

Intercept 2.102 0.403 5.218 Intercept 3.257 0.423 7.707

Rate
submissive
behavior

Intercept 1.316 0.360 3.652 Intercept 2.297 1.498 1.534
Early musth −19,420 3853 −5.041
Full musth −4.456 12,210 −0.365
Post-musth −0.254 4.079 −0.062
Age 0.079 0.100 0.791
Group (mixed) −0.206 1.973 −0.104
Eles present 1656 328.5 5.042
Early musth:Age 367.9 1009 0.364
Full musth:Age 19,420 3853 5.041
Early:Group 4453 12,210 0.365
Full:Group −0.138 0.116 −1.191
Age:Group −1656 328.5 −5.042
Early:Group:Age −367.9 1009 −0.364
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Figure 4. Boxplot showing the association between age and rates of aggression for wild and zoo-
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Figure 4. Boxplot showing the association between age and rates of aggression for wild and zoo-
housed male Asian elephants in all-male and mixed-sex groups. For simplicity, ages and age classes
are condensed into younger (10 to 30 years) and older (>30 years) age categories in this plot. Boxes
extend from the first to the third quartile, with the median indicated by a thick line; fences extend to
1.5 times the interquartile range, and closed circles indicate values outside this range.
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Figure 5. Relationship between rates of prosocial behavior and the number of conspecifics present
for wild and zoo-housed male Asian elephants. Closed circles represent individual observation
sessions, with regression lines shown for each age class (darker shades represent older age classes).
The absence of a regression line for an age class indicates a lack of adequate data for the construction
of a relationship. Note difference in scale on horizontal ax is for wild and zoo-housed elephants.
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4. Discussion

The ability of male Asian elephants to exhibit complexity in their social behavior is
now well-recognized [2,6–8], and our study serves to characterize factors (e.g., age, musth
status) that influence male elephant sociality. Further, the complementary nature of this
investigation—incorporating behavioral data from both wild and zoo-housed elephants—
provides context for the conservation of in-situ and ex-situ populations. Social behavior
facilitates reproduction and influences movement, and so it is a research priority to un-
derstand how and why male elephants interact with conspecifics in a range of physical
and social environments. To summarize our findings in this study, we observed age-based
differences in the occurrence of musth between wild and zoo-housed elephant popula-
tions. Further, both age and musth status influenced group formation in wild elephants:
males were less often observed in mixed-sex groups as they aged, but the reverse was
true while males were in musth, indicating a strong influence of musth on the likelihood
of intra- and intersexual interactions. Age and musth status were also associated with
the number of male and female conspecifics in a focal male elephant’s group in the wild.
When we analyzed the social behavior in in-situ and ex-situ populations, we found similar
patterns. Prosocial behavior was the most observed social interaction, with aggression
rarely observed in both populations. In both populations, variation in social behavior in
wild elephants was associated with age and the number of conspecifics present, while even
more factors were related to social behavior in zoo-housed elephants, including group type
and musth status.

Musth was more commonly observed in older male elephants in the wild and in
zoos. Similar to other field studies [1,21], we found that only males 20 years of age and
older in Wasgamuwa National Park, Sri Lanka, entered musth, and musth was more
commonly observed in the 30–40-year age class compared to the 20–30-year age class,
possibly indicating musth is delayed in males until they are able to outcompete rival males
for access to females [59]. Interestingly though, we observed musth in all age classes that
we sampled in zoo-housed male elephants, with the youngest male to exhibit musth-like
signs and behavior being approximately 11 years old [15]. It is possible that we might have
observed more similar age-dependent patterns of musth at our study site in Sri Lanka with
more consistent, longitudinal monitoring. These patterns are consistent with the findings of
other captive studies [60–62]. For instance, zoo elephants that typically receive calorically
rich diets may consequently be able to enter the more energetically and/or metabolically
taxing state of musth at an earlier age [63,64]. Additionally, the artificial nature of zoo
environments may release younger male elephants from other social or environmental
factors (e.g., absence of older males, artificial social groupings) that would otherwise
suppress musth until an older age [65]. More comprehensive, longitudinal field studies of
Asian elephant social and reproductive behavior and physiology will lend insight into the
relative contributions of each of these explanations to the patterns we observe. In doing so,
in-situ wildlife managers can better predict how individual elephants may be motivated to
behave in human-dominated landscapes, and ex-situ managers can optimize the care of
male elephants.

We also found distinct influences of age and musth on social group formation in
wild Asian elephants in Wasgamuwa. While all-male groups were typically smaller than
mixed-sex groups (on average 2.7 adults versus 10.6 adults, respectively), the average
number of males in either type of group (2.7 males) was similar, possibly indicating a
social or ecological maximum to the number of males (but not necessarily females, which
are generally smaller in body size) a group can support [66]. Furthermore, non-musth
males were generally sighted less frequently in mixed-sex groups with age—and more
frequently solitarily or in all-male groups—except for the oldest age class (>40 years, two
elephants over 16 sightings), which was most frequently sighted in mixed-sex groups. This
pattern follows what we expected: younger males disperse from their natal group between
10 and 15 years of age [67,68], and they form bachelor groups as they progress through
young adulthood [7]. Even older males c. 30 years old are regularly sighted with male
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conspecifics, possibly serving a leadership role over younger males as has been observed
in African savanna elephants [69–71]. However, as we hypothesized, this pattern was
reversed with musth; during musth, we observed males in mixed-sex groups twice as
frequently when they were 30–40 years compared to 20–30 years. These results support the
clear reproductive advantage that musth confers to older males trying to locate or seeking
access to mixed-sex groups, as has been reported in long-term studies of L. africana [43,72].

Males should preferentially associate with larger mixed-sex groups to increase the like-
lihood of finding a receptive female, and in turn, there should be more intense competition
between males for access to larger groups [21]. We found that the interaction of age and
musth status explained most of the variation in the number of females in a male’s group
in Wasgamuwa, pointing to the adaptive value of musth and age in accessing receptive
females. Still, the large proportion of sightings of younger musth males in all-male groups
(~60% of sightings in the 20–30-year age class) suggests that musth likely also functions
to influence intrasexual competition in this species [16]. In support of this prediction,
we also found that the interaction of musth status and age significantly influenced the
number of other adult males in a focal male’s group. Field studies of other Asian elephant
populations have emphasized the competitive advantage that older, musth males have over
younger males in potentially combative encounters [2,7,21]. To further qualify the adaptive
consequences of this advantage, future studies should investigate the actual mating success
and fitness outcomes of musth and age in E. maximus, and this information will be critical
for conservation planning in this species.

Short-term studies like this cannot quantify such fitness outcomes in elephants, but
behavioral observations can further contextualize inter- and intrasexual interactions that
occur within mixed- and single-sex groups. Prosocial behavior comprised the majority
of social behavior in wild and zoo-housed elephants, underscoring the dynamic social
lives experienced by male Asian elephants [6,73]. Unsurprisingly, in both wild and zoo-
housed elephants, we found that rates of prosocial behavior increased with the number
of conspecifics present, as a higher number of potential social partners also increases the
potential for social interactions to occur. Indeed, the drive to socialize with conspecifics
may be a key characteristic of musth that helps explain its adaptive significance [16]. In
zoo elephants, we identified a number of other factors that also affected rates of proso-
cial behavior, including musth status (prosocial behavior generally increased with the
progression of musth), age of the focal animal (with more frequent prosocial interactions
with age), and group type (more frequent prosocial behavior in mixed sex rather than
all-male groups). Additionally, several of these factors (musth status, age, and group
type) interacted to further explain variation in prosocial behavior in zoo-housed male
elephants. These patterns support the hypothesis that musth is a roving strategy in Asian
elephants [21,22], as they promote social interactions between musth males and receptive
females (and the females’ groupmates). While the complex, long-lasting social bonds that
female elephants are capable of forming have long received attention [4,42,73,74], these
results provide further motivation to investigate the social behavior of male elephants,
which may be similarly intricate and function in comparable ways. Further, while musth
has customarily been associated with aggressive behavior [10,75–78], we suggest that, at
least in Asian elephants, other behavioral signatures, including prosocial behavior, are
much more appropriate [15]. As such, these results also emphasize the potential benefits of
managing zoo-housed elephants in situations in which they have more species-appropriate
opportunities for prosocial interactions [41,44,79].

In stark contrast to their reputation as highly aggressive animals [78], we infrequently
observed aggression directed towards conspecifics in either wild or zoo-housed elephants,
even during musth when elephants can be aggressive towards people [10,75–77]. The
low rates of aggression we observed may be a consequence of musth’s evolved function;
musth presumably serves to allow males entry into female groups (and aggression would
be counterproductive to that purpose) [1,21] and to diffuse otherwise costly intrasexual
interactions [2]. Nevertheless, the rate of aggressive behavior was influenced by age in
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both populations, but with opposite effects in each: the frequency of aggressive behavior
decreased with age in wild elephants and increased with age in zoo-housed elephants
(in zoo elephants, aggression was also more common in all-male groups compared to
mixed-sex groups, as we predicted). Because aggression was exceedingly rare among wild
elephants (aggressive events occurred only 0.09 times/h on average), we suggest caution in
interpreting our results as further investigation is needed to elucidate functional patterns,
but we may hypothesize that aggressive interactions are used to establish dominance
hierarchies in younger male elephants but not necessarily older elephants [80]. However, in
zoo-housed elephants, it is interesting that we observed higher rates of aggression in older
elephants; these elephants were observed in mixed-sex and all-male groups, and yet rates
of aggression remained relatively high. Historically in North America, male elephants have
been housed singly, with rare access to conspecifics to allow for socialization [40]. This
may be true of several of the older zoo elephants in our study, and it would further explain
some of the differences between wild and zoo-housed elephant social behavior. Therefore,
socialization may be an important factor in the behavioral health and development of male
elephants, especially at younger ages. As more male zoo elephants are housed together [41],
it will become important to monitor rates of intrasexual aggression. Based on our data,
there are apparent behavioral benefits to housing males socially, and so rather than advising
against providing these older males exposure to conspecifics, we suggest that zoo staff
carefully monitor older male elephants when they are given social access especially those
with limited social experience.

Dominance and submissive behaviors were relatively uncommon during our observa-
tions, possibly due to various communicative signals that occur between elephants that
limit the need for physical interactions [16,81]. It was interesting to note that dominance
behaviors were most common in wild elephants among males that were younger and in
all-male groups; as such, we may hypothesize that these behaviors would be especially im-
portant in these elephants that require sociobehavioral mechanisms to resolve dominance
disputes [69,82]. Our models failed to identify factors in wild or zoo-housed elephants
that contribute to variation in dominance behavior among males. Similarly, we did not
find influential factors for submissive behavior in wild elephants, but in zoo elephants,
rates of submissive behavior were explained by musth status (decreasing with musth), age
(increasing with age), group type (less common in mixed-sex groups compared to all-male
groups), and the number of conspecifics present (more elephants led to more frequent
submissive behavior). The ability to express dominance and submissive behaviors may
be especially important for younger elephants as they learn how to socialize, and if so,
zoo managers should provide opportunities for their elephants to do so. However, as
these behaviors were rare, our results should again be interpreted with caution. We do not
suggest that males do not exhibit dominance or submissive behaviors frequently, as both
male and female elephants are known to live in multi-tiered societies, but our ethogram
may not have adequately captured subtle events that serve to reinforce dominance status,
such as longer-distance visual, acoustic, and/or chemical signals [16,81,83–85].

To develop animal-centered approaches for the conservation of E. maximus, long-term
studies of Asian elephant behavior and social patterns are needed to follow individual
elephants as they age and transition between reproductively active (e.g., musth) and
inactive (e.g., non-musth) states. While we have shown here that ex-situ populations can
also be useful for studying some aspects of social behavior—the complete life histories
of these animals are often known in unparalleled detail—these populations are limited
in that captive animals have limited ‘choice’ in social group formation. Additionally,
artificial environments can impose unnatural pressures that make comparisons to in-situ
populations difficult [38]. Further understanding the occurrence of social behavior and all
its consequences in natural populations (e.g., group formation and structure, intrasexual
competition, mate choice, fitness implications) will allow us to manage zoo-housed animals
more appropriately and/or in a way that more closely resembles in-situ populations. In
doing so, ex-situ populations will become better models for their in-situ complements, and
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more realistic studies (and even experimental manipulations) of zoo-housed animals will
be possible, with all the existing benefits of working with closely monitored animals in
human care.

5. Conclusions

With our unique complementary study of male elephant social behavior in in-situ
and ex-situ settings, we have shown that male Asian elephants exhibit flexibility in their
social behavior that is dependent upon age and musth status, among other intrinsic and
extrinsic factors. This work has strong implications for managing and conserving this
endangered species. The drive to reproduce powerfully influences movement and habitat
use in elephants [22,86], which in turn impacts the patterns and extent of HEC [87,88].
Therefore, bolstering our understanding of sociality and reproduction in male elephants
will also aid wildlife managers and conservation planners as they seek to develop sustain-
able landscapes for the long-term coexistence of humans and elephants. Additionally, the
study of the reproductive biology of zoo-housed elephants has aided the management
of wild and captive elephants in range countries [12]. As there is an evolved importance
of musth and other reproductive strategies in elephants that involve dynamic social ex-
changes, the behavior should not be underestimated in developing captive propagation
strategies in elephants or other species. Beyond this, zoos and other facilities have an in-
herent responsibility to provide opportunities for species-appropriate activities, including
socialization. As the proportion of males in ex-situ elephant populations increases (males
comprised only 27% of the North American population of E. maximus in 2017, but this
will eventually approach 50% [40]), zoos must be innovative in how they manage male
elephants, especially around the sexually active state of musth [41,89]. This will require an
adaptive, animal-centered approach, guided by the responses of individual elephants to
changes in the physical, physiological, and social environment [44,90,91]. We suggest that
as zoos optimize the management of male elephants, they should reference studies like
these (and forthcoming research in the field) to inform the development of holistic animal
wellness programs.
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elephants. All models included focal animal identity as a random factor; Figure S1, Percentage of
male Asian elephants in Wasgamuwa National Park, Sri Lanka (top panel), and in US zoos (bottom
panel) of various age classes that were sighted in and/or out of musth over the study period (wild
elephants, December 2018 to April 2019; zoo elephants, July 2018 to April 2021). The number of
unique males in each age class are given on the horizontal axis. Each male is represented only once;
Table S2, Ranked regression models investigating effect of various factors on rates of social behavior
in zoo-housed elephants. Other statistics include parameterization (k), log-likelihood (LL), Akaike’s
Information Criterion score (AICc), differences in AICc (∆AICc), Akaike weight (wi), and cumulative
Akaike weights (cum. wi) calculated with restricted maximum likelihood estimation. Refer to Table
S1 for descriptions of each parameter. Asterices (*) indicate term(s) from the best model that were
dropped for non-significance in the “best” model; marginal coefficients of determination (R2

c) are
given for the best model after non-significant term(s) were dropped; Table S3, Ranked regression
models investigating effect of various factors on rates of social behavior in wild elephants. Other
statistics include parameterization (k), log-likelihood (LL), Akaike’s Information Criterion score
(AICc), differences in AICc (∆AICc), Akaike weight (wi), and cumulative Akaike weights (cum. wi)
calculated with restricted maximum likelihood estimation. Refer to Table S1 for descriptions of each
parameter. Asterices (*) indicate term(s) from the best model that were dropped for non-significance
in the “best” model; marginal coefficients of determination (R2

c) are given for the best model after
non-significant term(s) were dropped; Figure S2, Relationship between rates of submissive behavior
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and the number of conspecifics present during, for wild and zoo-housed male Asian elephants.
Closed circles represent individual observation sessions, with regression lines shown for each age
class (darker shades represent older age classes). Absence of a regression line for an age class indicates
lack of adequate data for construction of a relationship. Note difference in scale on horizontal axis for
wild and zoo-housed elephants.
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