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natural social relationships, which can positively affect their well-being. The large,
multigeneration herd housed at the North Carolina Zoo provides an ideal
opportunity to examine rhino sociality across different ages, kin types, and social
groupings. Eight female rhinos' social and nonsocial behaviors were recorded from
November 2020 through June 2021 across 242 h. Activity budget analyses revealed
strong seasonal and temporal variations in grazing and resting behaviors, with no
stereotypic behaviors recorded. Bond strength calculations suggested that each
female maintained strong social bonds with one to two partners. Beyond mother
—-nursing calf bonds, we found that the strongest social ties were maintained
between calf-less adults and subadults in these dyads. Considering these findings,
we recommend that management plans attempt to house immature females with
calf-less adult females, as they may be necessary to the social landscape of immature

females and, ultimately, improve their welfare.
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1 | INTRODUCTION

situ SWR, which threatens the growth of the zoo-housed population
and the future of the species (L. Metrione & Eyres, 2014; Swaisgood

The southern white rhinoceros (Ceratotherium simum simum; hereon
SWR) is the most common and social species of rhinoceros (Hutchins
& Kreger, 2006; L. Metrione & Eyres, 2014; Owen-Smith, 1975).
Currently, the SWR relies on the help of human management to
conserve genetic diversity and sustain population size (Emslie, 2020).

Unfortunately, reproductive success has been inconsistent among ex

et al., 2006).

For social animals, like the SWR (Swaisgood et al., 2006),
providing social interaction is essential to promoting good welfare
(Rose & Croft, 2015). As social bonds are common among
wild conspecifics, similar social opportunities must be presented to

animals under human care. Conversely, preventing access to

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.

© 2023 The Authors. Zoo Biology published by Wiley Periodicals LLC.

476 wileyonlinelibrary.com/journal/zoo

Zoo Biology. 2023;42:476-489.


mailto:brettcwilliams@gmail.com
https://wileyonlinelibrary.com/journal/zoo
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fzoo.21758&domain=pdf&date_stamp=2023-02-21

WILLIAMS ET AL

preferred social partners has been found to negatively affect group
cohesion and is associated with stress responses (Rault, 2012).
Assessing which individuals an animal chooses to associate with can
improve well-being by informing management decisions like group
housing and transfers. Developing our understanding of SWR
sociality and behavior is therefore necessary for advancing these
animals' population management and welfare.

To date, there is evidence that social interactions play a
significant role in the well-being of zoo-managed SWR (Hutchins &
Kreger, 2006; Martinez et al., 2022; L. C. Metrione & Harder, 2011).
Fecal glucocorticoid metabolites (fGCM), often used as a metric to
assess stress (Sheriff et al., 2011), have been linked to social
opportunities and herd composition. Adult females housed with a
female companion known since adolescence, for example, were
found to maintain lower levels of fGCM than those housed with
novel or male companions (L. C. Metrione & Harder, 2011). In
addition, SWR housed in smaller groups with lower rates of
interspecific interactions have been found to maintain higher levels
of fGCM compared to those in larger groups with more rates of
interaction (Scott, 2020). Such metabolites are associated with stress
and can cause a shift in resource allocation among biological
functions (Moberg & Mench, 2000), including imposing a cost on
reproductive success (Boonstra et al., 1998).

Little is known about the specific social needs of SWR. Males are
generally solitary, whereas groups of females are often composed of
2-6 individuals (Estes, 1991; Owen-Smith, 1975). Nursing mothers,
however, will separate themselves from other rhinos until their calf is
weaned and may even show aggression toward previous offspring
during this time (Hutchins & Kreger, 2006; Patton et al., 2016).
Subadult and adult females often form temporary bonds or semi-
stable grazing herds (Hutchins & Kreger, 2006; L. C. Metrione
et al., 2007). Unfortunately, how these social partners are chosen
remains unknown. The fluid social structure of wild SWR is difficult to
replicate in zoo settings due to habitat size constraints and individual
availability of animals. Few studies have been able to examine how
varying zoo management practices affect rhino sociality, especially in
large family groups (Cinkova & Bicik, 2013; Martinez et al., 2022).

The North Carolina Zoo (NC Zoo) presents an ideal opportunity
to explore the nature of social bonds between female SWR. NC Zoo
hosts a herd that maintains three unique and important qualities: (1) it
is multigenerational, (2) it is composed of diverse types of kin, and (3)
it is one of the largest SWR herds among facilities accredited by the
Associations of Zoos and Aquariums. This study maintained three
core research objectives.

First, we examined seasonal and temporal behavior changes to
understand the herd's general well-being. Comparing activity budgets
between wild and zoo-housed animals has often been used as a
noninvasive means to assess well-being via the degree to which
animals engage in natural behaviors (Auer et al., 2021; Huettner
et al, 2021; Veasey et al, 1996) over abnormal or stereotypic
behaviors (indicators of poor well-being) (Mason, 1991). For zoo-
housed SWR, Carlstead and Brown (2005) found that stereotypic
pacing behaviors were more frequent in females with greater
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variability in fecal corticoid excretions, an indicator of stress, and
that high variability correlated with acyclicity in mature females
(Carlstead & Brown, 2005). We intend to build on this work by
exploring how this herd's behaviors and activities change daily and
seasonally and comparing them to wild SWR activity budgets.

Second, we explored social preferences across different kin and age
categories. Our multigenerational herd included grandmother-grand-
daughter, mother-nursing offspring, mother-weaned offspring, aunt-
niece, and unrelated dyads. Though kin selection theory (Hamilton, 1964;
Silk, 2002) predicts social bonds to be strongest among more closely
related individuals, it is unclear how social bonds conform among SWR.
We also explored the effect of age differences on observed patterns of
sociality. In free-ranging SWR populations, upon leaving the natal group,
adult females without nursing calves have been observed associating with
sexually immature “subadult” females, creating what has been referred to
as a “buddy system” (Hutchins & Kreger, 2006; Shrader & Owen-
Smith, 2002). Shrader and Owen-Smith (2002) suggest these associations
benefit both the subadult and the adult with predator avoidance,
protection from territorial males, and enhanced familiarization with
unknown environments. We aimed to quantify such associations under a
human-managed group.

Finally, using social network analysis (SNA), we explored the
overarching social structure of the females, including the directional-
ity of social interactions. SNA is a powerful tool used to quantify
association patterns within groups and populations of known
individuals (Croft et al., 2008; Krause et al., 2009; Wey et al., 2008).
This method has improved our understanding of social networks and
social preferences across a wide range of social animals (ungulates:
De Freslon et al., 2020; lions: Dunston et al., 2017; birds: Snijders
et al., 2014; primates: Pasquaretta et al., 2014) and social systems
(matrilocal: Wittemyer et al., 2009; patrilocal: Morrison et al., 2020;
fluid/fission-fusion: Kelley et al., 2011). Here, we use SNA and
related analyses to gain a deeper understanding of social preferences
among SWR.

This exploration into the behavior and sociality among zoo-
housed SWR is essential to improving the management of these
animals for their health and well-being. The information gained from
activity budgets and network analyses can reveal the needs of
individuals and deepen our understanding of how to promote

positive welfare as part of wider management practices.

2 | METHODS
21 | Focal animals

NC Zoo houses eight rhinos of varying relatedness (Figure 1). All
adult focal individuals have spent no less than 15 years at the NC
Zoo, and all four immatures were born at the zoo. They were
managed as a fluid social herd, where mothers and their nursing
calves were sometimes separated from subadults and calf-less adult
females, most often due to temperature constraints. The calf-less

rhinos were not given habitat access if the temperature fell below a
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32°F, but nursing mothers and their calves were kept off habitat for
temperatures below 40°F. Weather and maintenance permitting,
they were often left on habitat overnight. Otherwise, they would only
have access from 8a.m. to 4 p.m. Even so, this managed social
structure mimics that of wild SWR, where nursing mothers are known
to isolate themselves, while calf-less females maintain sempermanent
bonds with one another (Hutchins & Kreger, 2006; L. C. Metrione
et al., 2007; Scott, 2020).

Individuals were identified by horn profile and body size, using a
spotting scope and binoculars. Each rhino was given a coded ID with
“M” for “Mother,” “A” for “Adult,” “S” for “Subadult,” and “C” for “Calf”
followed by a 1 or 2. Any changes in horn shape due to wear or
damage were noted for future identification. The North Carolina Zoo

Research committee approved this study.

2.2 | Study site
Watani Grasslands at NC Zoo is a 162 m? mixed-species habitat with
tall fescue grass and mud wallows (Figure 2). The enclosure size

remained consistent throughout the study.

1

ID: M1
Age: 32

> |
O

2.3 | Data collection

All data were recorded on an electronic tablet using the ZooMonitor
app (Ross et al., 2016), a software platform designed for behavioral
data collection (Wark et al., 2019). Behavioral observations were
conducted 2 days per week, consisting of 30 min sessions per focal
individual between 7 a.m. and 12 p.m. or 12 p.m. and 5 p.m. An online
random number generator (Calculator.net, 2021) was used to create a
list of focal subjects for each day of observation to minimize
collection bias. Collection for each session began when a focal animal
was in view and identified. Data were collected from November 2020
to June 2021 for 70 observation days and 242 observation hours,
145 total hours for the calf-less females, and 97 total hours for the
mother/calf pairs. The calf-less females were observed more often
with 36 h total each for Adult 1, Subadult 1, and Subadult 2, and 37 h
for Adult 2. This was due to more consistent access to the habitat
when temperatures were below 40°F. In contrast, Mother 1 and
Mother 2 were observed for 24 h each, Calf 1 for 26 h, and Calf 2 for
23 h. Mother/calf pairs spent 95% of their total observed time with
the calf-less females, while calf-less females spent 71% of their total

observed time with the mother/calf pairs.

Male (not housed at NC Zoo)

ol
O Female
»

ID: A2
Age: 23 Age: 28 Born at NC Zoo
ID: A1
Age: 15 T Mating
ID:S2 ID:C2 ID: S1 ID: C1
Age:2 Age: <1 Age:2 Age <1

FIGURE 1 Rhino pedigree at the NC Zoo. The age of each individual in years has been listed below their given ID number. Mating is

represented by a double line. NC Zoo, North Carolina Zoo.

FIGURE 2 An aerial view of Watani Grasslands Exhibit at the zoo.

Observation
point

Poor visibility
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TABLE 1 Ethogram for interval behaviors.

479
FieloB10LOGY RNINRERS

Category Behavior Description
Eating
Eating Oat, browse, hay, and so forth
Drinking Drinking water
Grazing Pulling grass from the ground
Self-maintenance
Itching Rubbing body on object
Wallow Bathing in mud/water
Horn rubbing Rubbing horn on an inanimate object
Defecating/urinating Defecating or urinating
Investigation
Enrichment interaction | Interacting with or manipulating enrichment
Digging Upturning soil with feet or horn
Dung/urine smelling Smelling dung/urine
Flehmen Flehming without conspecific nearby
Active
Walking Moving from one locale to another
Running Moving from one locale to another faster than a walk
Standing Upright on all four feet and no other behaviors

Active rest

Resting while standing

Upright with four feet on the ground, head down, eyes
closed

Lying down, head up

Lying down on the ground with head up

Inactive rest

Lying down, head
down

Lying down on the ground with head down

Other

Unlisted behaviors

Notes taken

Keeper interaction

Interacting with
keepers

Interacting with keepers during feeding/training

Social

Social

Interacting with a conspecific (no qualifiers)

Out of view

The animal cannot be seen from the vantage point

Note: Categories are highlighted in light gray.

The ethograms for this study were adapted from NC Zoo's rhino
staff and three similar white rhino behavior studies: (1) an unpublished
ethogram from the Rhino Rescue Center, (2) one used across
zoological parks in Europe (Jenikejew et al., 2020), and (3) one
conducted on Northern White Rhino at a zoological park in Dvlr
Kralové (Cinkova, 2006; Cinkova & Bic¢ik, 2013). We divided the
ethogram of interval behaviors (Table 1) into eight broad categories:
eating, grazing, self-maintenance, investigation, active, active rest,
inactive rest, keeper interaction, and other. “Eating” was defined as
having supplementary food provided by keepers, and “grazing” was
defined as pulling and eating grass growing on the habitat. “Resting”
behaviors combined data from inactive and active rest categories. If
social behaviors were observed during interval sampling, they were
recorded as “social” with no specific qualifiers. However, if an animal

was observed walking or running while following another individual,

the behavior was recorded as “walking” or “running” for that interval
sample. All-occurrence social behaviors (Table 2) were categorized as
affiliative, aggressive, or defensive, and the initiator and recipient of
the behavior were recorded. If an animal was observed calmly walking
or trotting while following another individual, the behavior was
recorded as “following” and categorized as an affiliative behavior.
The distance between individuals and the focal subject was
recorded during each interval as well as their nearest neighbor (Nunez
et al., 2015). Proximity over time is often used as a measure of
sociality in SWR (Jenikejew et al., 2020; Owen-Smith, 1975; J. Silk
et al., 2013). Prior research indicates that wild SWR with strong pair
bonds maintain a distance within 25 m (Hutchins & Kreger, 2006; L.
Metrione & Eyres, 2014), however, a 2016 study of wild rhinos
defined animals within 10 m of one another over 24 h as “associated”

(Patton et al., 2016). Furthermore, one study in zoo-housed SWR
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TABLE 2 Ethogram for all occurrence behaviors.
Category Behavior Description
Affiliative/cohesive Positive/associated with bonding
Following Focal animal locomotes after a conspecific that is changing
location intentionally to stay in close proximity
Sniffing/ Focal animal gently explores the body of another conspecific
snout contact | (except the snout) with its snout
Social Focal animal flehms while scenting a urinating/defecating
flehming conspecific close by
Naso-nasal Focal animal contacts the nasal region of another conspecific
sniffing with its own snout in a slow and gentle manner
Ano-genital Focal animal sniffs the anogenital region of another conspecific
sniffing
Head placing | Focal animal lays its head on the back of another conspecific
Body contact | Focal animal touches or brushes another conspecific with any
part of its body (except snout) or leans or rubs itself against a
conspecific
Lick Focal animal touches another conspecific with its tongue
Pant Chesty inhalation/exhalation that may indicate a contact
seeking call
Lifting Focal animal lifts another conspecific’s head or leg with its
head/horns
Social play Mock charging, chasing, or wrestling
Nurse Focal animal suckles from mother
Whine High pitched call from calf to mother
Agonistic/aggressive Negative/associated with aggression
Displace Focal animal incites a conspecific to change its
position/location after approaching or agonistic interaction
Advancing Focal animal approaches another conspecific with head
lowered, usually accompanied by vocalizations
Nodding Focal animal swings its head back and forth toward another
conspecific
Horn stare Focal animal stands horn to horn in front of another conspecific
with an uplifted head
Horn prod Focal animal pokes conspecific with its horn
Pushing Focal animal presses any part of its body against another
conspecific making it change the position/location
Chasing Focal animal follows another conspecific, which tries to keep
the animal at a distance by trotting
Charge Focal animal moves with a lowered head toward another
conspecific and stops suddenly without causing body contact
Attacking Focal animal hits its horns against another conspecific
Horn clashing | Escalated confrontation following attacking involving both
animals hitting their horns against each other
Ears pinned Focal animal lays ears back during social interaction, usually
accompanied by a head thrust
Roar Rumbling vocalization with mouth open with head and ears
back
Snort Quick nasal exhalation toward conspecific
Agonistic/defensive Negative/associated with submission
Avoiding Focal animal changes its position/location after being
approached by a conspecific displaying agonism
Escaping Focal animal moves away from a conspecific in a
trotting/running manner after an agonistic interaction

Note: Categories are highlighted in light gray.
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TABLE 3
denotations.

Interval proximity Category

Contact

Close proximity

Association

Not associated

vocalizations placed animals in proximity if they were within one
body length (3m) of one another (Jenikejew et al., 2020). For
practicality, body length estimations were adapted from multiple
methodologies, and so animals within two body lengths (<6 m) were
considered in “close proximity” (Bonaparte-Saller & Mench, 2018),
within 6-15m were “associated” (Patton et al., 2016), and anything
greater than 15m was recorded as “not associated” (Nunez
et al., 2015) (Table 3). Ultimately, close proximity (<6 m) data were
used in association analyses as 82% of all nearest neighbors were

within two body lengths.

2.4 | Data analysis
241 | Activity budgets

Activity budget analyses relied only on data derived from the
subadult and calf-less adult females due to more consistent access to
the habitat than mothers with nursing calves. Microsoft Excel was
used for data management and analysis.

Average observed behaviors were first quantified by calculating
the percent of the total recorded intervals spent performing each
behavior each observation day, then calculating the average across
seasons. Intervals in which focal animals were not visible from the
vantage point (or “out of view”) were removed from the total interval
count before calculations. Seasons were qualified as Fall (September
to November), Winter (December to February), Spring (March to
May), and Summer (June to August). These seasons were based on
delineations in pasture quality of fescue, which grows best in spring
and fall in the northern hemisphere (Roberts et al., 2009). It should be
noted that no data were collected for the months of July, August,
September, or October, which limited the sample sizes of the Fall and
Summer seasons.

Similar calculation methods were then used to determine activity
by time of day, where averages were calculated via sessions within
hour intervals. Intervals where the focal animal was not visible, were

removed before analysis.

2.4.2 | Social bond strength

A composite sociality index score (CSI from hereon) was calculated to
quantify social bond strength between dyads, as it is an established
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Subcategory Description

Touching 0 m between individuals

Within one body length <3 m between individuals

Within two body lengths <6 m between individuals

Over two body lengths 6-15 m between individuals

Out of eye-line >15 m between individuals

tool for assessing social bond strength within a dyad (Lynch
et al.,, 2017; J. B. Silk et al., 2006; J. Silk et al., 2013).
The equation is as follows:

CSI equation:

Gi P
Gxy Pxy

The CSI was calculated for “n” number of 30 min sessions, where
Gij represents the total number of affiliative interactions within the
dyad of interest and Pij represents the number of recorded intervals
of close proximity (<6 m) within the dyad of interest. Gxy represents
the average number of affiliative interactions across all possible
dyads, and Pxy represents the average number of recorded instances
of close proximity across all possible dyads. Given these terms, the
higher the CSI score, the stronger the social bond. CSI scores were
aggregated across all observation months and were rounded to the
nearest two decimal places

CSI scores were analyzed for significant correlations between
both relatedness and age difference. First, we explored variation in
the social bond strength across dyads (N) by the coefficient of
relatedness (r): Mother-daughter (r=.5, N=6), full sisters (r=.5,
N=2), grandmother-granddaughter (r=.25, N=2), half-sisters
(r=.25, N=9), aunt-niece (r=.25, N=2), and unrelated (r=0, N=7)
(Boyce, 1983; Wyttenbach, 2012). Simple linear regression calcula-
tions in Microsoft Excel were used to determine a correlation
between the coefficient of relatedness and CSI scores. Following kin
selection theory, we predicted that the closest bonds would be
between mothers and daughters (r =.5). Then, to examine variations
in bond strength due to age difference, each animal was labeled
either “immature” (i.e., prereproductive age or <7 years of age) or
“adult” (reproductive age or 27 years of age) (Jenikejew et al., 2020;
Marneweck et al., 2017). CSI score and age difference were
evaluated for significance using standard error bars across these
three categories of dyads: immature-immature, adult-immature, and
adult-adult. Significance in correlation would be viewed as preferen-

tial social bond trends.

243 | SNA

Association indices using proximity data (within two body lengths)
were calculated through SOCPROG software, a software designed
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specifically to analyze social network data (Whitehead, 2009, 2019).
Association data were run through temporal analysis and permuta-
tions tests to find preferred and avoided associations (Whitehead,
2009, 2019). The commonly-used half-weight index was employed in
these calculations as this limits bias by considering the probability of
the observer missing these animals when they are together or apart
due to poor visibility (when animals were out of view) (Lusseau
et al., 2003; Whitehead, 2009, 2019). The temporal analysis option in
SOCPROG was used to find lagged association rate (LAR) or the
probability that two individuals will continue to associate over time
and the null association rate (NAR) which would support the null
hypothesis that no association preferences are shown over time
(Whitehead, 2009, 2019). A best-fit model for preferred associations
was chosen based on the model with the lowest quasi Akaike
information criterion (QAIC) (Whitehead, 2009, 2019). These models
included “preferred companions,” or long-term associations, “casual
acquaintances,” or associations that diminish over time, and “rapid
disassociations,” or associations that start and end suddenly (Lusseau
et al., 2003; Whitehead, 2009, 2019). Further statistical analyses in
SOCPROG revealed the complexity of the herd's dynamics using
strength (indicating strong associations with others), eigenvector
centrality value (indicating strong associations with strongly
associated individuals), reach (indirect connectedness with others),
clustering coefficients (indicating strong associations among an
individual's associates), and affinity (indicating strong associations
with individuals with high strength) to determine the presence of
central or influential individuals to the cohesion of the herd
(Whitehead, 2009, 2019).

Interaction rates were also calculated via SOCPROG
(Whitehead, 2009, 2019), and the produced matrix was run through
UCINET (Borgatti, Everett et al., 2002) followed by NETDRAW

(Borgatti, 2002) to create a social network graphic of affiliation
between dyads. Within the graphic, individuals are represented
by “nodes,” and associations among individuals are connected by
lines. The line's thickness, or “weight,” suggests a higher interaction
rate, and the direction of the arrow points from the initiator to
the recipient (Croft et al., 2008). Asymmetry tests in SOCPROG
were conducted to show a significant difference in the interaction
rates within dyads, and the direction of that asymmetry was
determined via the NETDRAW graphic matrix (Sueur & Petit, 2008;
Whitehead, 2009, 2019). Reciprocity was evaluated using the
Mantel Z-test option in SOCPROG to see if individuals preferred to
interact with individuals that reciprocated affiliative behaviors
(Whitehead, 2009, 2019). These measures were crucial to revealing
which individuals showed a preference within a given social bond and
can therefore inform caretakers of the social needs of specific
animals (Sueur & Petit, 2008).

3 | RESULTS

3.1 | Activity budgets

3.1.1 | Season

A seasonal comparison suggests clear trends in behaviors (Figure 3).
Grazing behaviors decreased from 36% in Fall to 19% in Winter and
Spring, then increased to 32% in Summer. Resting behaviors
increased from ~25% in Fall and Winter to over 30% in Spring and
Summer. Observed social behaviors decreased from ~4% in Fall to
~1% in Spring and Summer. Eating behaviors were lowest at ~9% in

the Summer and highest at 23% in the winter. Active behaviors were

O Fall (n=33)
50% -

45% -
40% -
35% -
30% -
25% -
20% -

15% -

10%

Average Percent (%) of Observed Time

5% -

0% Fﬁrﬁﬁhﬁ

O Winter (n=99)

@ Spring (n=111) B Summer (n=29)

Social Eating

Behavior

Grazing Rest Active

FIGURE 3 Aggregated average seasonal activity budget. Bars represent standard error, and “n” represents the number of 30 min observation

sessions.
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lowest in the Fall at ~11% and highest in the winter at ~20%. Social
behaviors were highest in fall at ~4% and fell consistently to ~1.5%.
The standard error suggests no significant difference in social
behavior across seasons.

Overall, individuals spent an average of 44.32% of their time
eating or grazing, 30.37% of their time resting, and 17.73% of their
time engaged in social or active behaviors across all seasons between
8a.m. and 5p.m. No stereotypic behaviors were observed. No
significant differences were found between the activity budgets of
the calf-less females when the mother/calf dyads were on or off
habitat.

3.1.2 | Time of day

We then examined how daily activities change over a day, from 7 a.m.
to 4 p.m. (Figure 4). Resting and eating behaviors fluctuated the most,
whereas social and active behaviors remained consistent throughout
the day. These SWR were found to spend approximately 50% of their
observed time resting between 12 p.m. and 1 p.m. About 40% of the
time between 9 a.m. and 10 a.m., and again from 3 p.m. to 4 p.m. was

spent eating.

3.2 | Social bond strength

The overall mean CSI score was 1.0 (min=0.08, max=5.28), and
trends remained consistent throughout the study. We, therefore,
characterized “weaker” bonds as those with a CSI score under 1.0,

“moderate” social bonds as a score of 1.0-2.0, and “strong” bonds
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greater than 2.0. Each female had no more than two strong bonds.
Both mother-calf pairs exhibited the strongest social bonds (4.87 and
5.28), but mothers shared weak bonds (CSl<1) with all other
members of the group, including their older offspring. Due to mother
—calf pairs having outlying scores, they were removed from CSI
correlation analyses.

Mean CSI scores varied across coefficients of relatedness
(“r" values). For r values of .5, the mean CSI score was 0.27, r values
of .25 were found to have a mean CSI of 0.68, and r values of O were
found to have a mean CSI of 1.05. However, regression analysis of all
CSl scores to r values for R? > 0.5 reveal no statistically significant
correlation between bond strength and relatedness (R? = 0.135).

Mean CSl scores also varied across the three age category dyads:
adult-adult (mean CSI = 0.54), adult-immature (mean CSI =0.77), and
(mean CSI=0.55).
dyads have an overall higher average CSI score than other dyads,

immature-immature Though adult-immature
standard error bars suggest no statistical difference between the
three categories (Figure 5).

33 | SNA

Association analysis of proximity in SOCPROG showed significantly
preferred and avoided associations (Figure 6 and Table 4). Temporal
analysis (Figure 6) reveals that the LAR between any two individuals
is consistently higher than the NAR. Thus, we reject the null
hypothesis that there were no preferred associations over these
time lags (Whitehead, 2009, 2019). Association rates were shown to
gradually decrease over time. A potential explanation was deter-
mined via the best-fit model with the lowest QAIC. Here, the best fit

1lam
(n=26)

10am
(n=26)

9am
(n=30)

8am
(n=30)

Time of day (EST)

T

12pm
(n=39)

1pm
(n=33)

2pm
(n=31)

3pm
(n=25)

4pm
(n=23)

FIGURE 4 Average activity budget over time of day. Shading represents standard error and “n” represents the number of 30 min observation

sessions.
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FIGURE 5 Average composite sociality index
(CSI) scores for each type of dyad composition.
Error bars represent standard error and “n”
represents the number of dyads.
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FIGURE 6 Temporal association analysis calculated in SOCPROG. The null association rate (NAR) is drawn in the dark blue, the lagged
association rate (LAR) is drawn in red, and the best-fit models are transposed over the LAR in yellow, purple, green, and light blue.

model suggested that the herd contained two levels of casual
acquaintances, however, this value differed negligibly (AQAIC < 2)
from three other models suggesting rapid disassociations combined
with casual acquaintances or casual acquaintances and preferred
companions (Figure 6) (Whitehead, 2009, 2019).

Permutation tests in SOCPROG after 1000 permutations for
a p-value of .05 (Table 4) calculated the significantly preferred and
avoided associations between dyads. Preferred associations were
found between each subadult/adult, adult/adult, subadult/subadult,
and mother/calf dyad (Whitehead, 2009, 2019). Avoided associations

were found between each adult/calf, subadult/calf, mother/subadult,
and mother/adult dyad. Mother/mother and calf/calf dyads did not
show significant avoidance of one another despite low association
indices.

The results from the network analysis in SOCPROG
(Whitehead, 2009, 2019) based on proximity indicate that
Subadult 1 was most frequently in close proximity, or associated,
with others (greatest network strength), had high association
indices with other individuals with high association indices
(highest eigenvector centrality) and was most indirectly
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TABLE 4 Association indices matrix calculated in SOCPROG.

Individual Adult 1 Adult 2 Calf 1 Calf 2
Adult 1

Adult 2 0.99*

Calf 1 0.47* 0417

Calf 2 0.56* 0.57~ 0.55

Mother 1 0.43* 0.417 1.00* 0.49
Mother 2 0.53* 0.527 0.57 0.99*
Subadult 1 0.98* 0.99* 0.53* 0.64*
Subadult 2 1.00* 0.99* 0.43* 0.547
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Note: Significantly preferred associations are starred, while avoided associations are marked with a caret.

TABLE 5 Associative measures from the network analysis.

ID Strength Eigenvector
Subadult 1 5.34* 0.41*

Adult 2 4.96 0.39
Subadult 2 4.96 0.39

Adult 1 4.88 0.38

Calf 2 4.34 0.33
Mother 2 4.34 0.33

Calf 1 3.96 0.3

Mother 1 3.82 0.29

Overall means (SE) 4.58 (0.54) 0.35 (0.04)

Note: The highest values in each column are starred.

TABLE 6 Matrix of rounded p-values for dyadic asymmetry calculated in SOCPROG.

Individual Adult 1 Adult 2 Calf 1 Calf 2
Adult 1

Adult 2 0.02*

Calf 1 1.00 0.10

Calf 2 0.32 0.00* 0.34

Mother 1 041 0.08 0.00* 041
Mother 2 1.00 1.00 0.07 0.00*
Subadult 1 0.00* 0.00* 0.34 0.22
Subadult 2 0.00* 0.00* 1.00 0.62

Note: Starred values are significantly asymmetric.

connected to others (furthest reach). Our analysis also revealed
that Adult 1 was well associated with other highly associated
individuals (highest clustering coefficient and affinity) but weakly
connected to the herd compared to the other calf-less females.
Mother/calf dyads had the lowest network strength, eigenvector
values, and reach (Table 5).

Mother 1 Mother 2 Subadult 1 Subadult 2
0.51
0.53~ 0.67"
0.457 0.55% 1.00*
Reach Clustering coefficient Affinity
24.48* 0.65 4.58
23.27 0.68 4.69
233 0.68 4.7
23.03 0.69* 4.72*
19.99 0.65 4.61
20 0.65 4.6
17.97 0.63 4.54
17.48 0.64 4.58
21.19 (2.67) 0.66 (0.02) 4.63 (0.07)
Mother 1 Mother 2 Subadult 1 Subadult 2
0.39
0.21 0.09
0.16 0.10 1.00

Asymmetrical affiliation among these dyads was found to vary in
significance (Table 6). Mother-calf dyads were significantly asymme-
trical. Calves 1 and 2 showed preference toward their mothers,
Mothers 1 and 2, respectively. Affiliative interactions were also
asymmetrical among the calf-less females as affiliative interactions
were heavily initiated by subadults (Subadult 1 and Subadult 2)
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FIGURE 7 Multidimensional scaling SNA graphic from
NETDRAW representing direction for all dyads using interaction
rates from SOCPROG. Arrows point from the initiator to the receiver
of the interaction. Heavier line weights represent a greater
interaction rate (mean = 22.5, min = 2, max = 300). SNA, social
network analysis.

toward adults (Adult 1 and Adult 2) (Figure 7). There was also a
significant directional affiliation from Adult 1 to Adult 2, suggesting a
preference between the calf-less adult females. It was also noted that
there was asymmetry between Calf 2 and calf-less Adult 2, though
their interaction rate overall was below the mean. No significant
directional affiliation was observed between the two mother/calf
pairs nor between mother/calf pairs and the calf-less subadults or
adults, even between previous offspring and their mothers or vice
versa. Seven out of 16 adult-immature dyads were asymmetric, and
only 1 out of 6 adult-adult dyads was asymmetric. There were no
asymmetric immature-immature dyads. The Mantel Z-test for
reciprocity showed that individuals were more likely to affiliate with

individuals that reciprocated affiliative behaviors (p =.016).

4 | DISCUSSION

This study evaluated the activity budgets and social dynamics within
a large, multigenerational, zoo-housed SWR herd. We report that the
subadult females showed preferences and maintained social bonds
with calf-less adult females. Mothers with nursing calves did not
maintain social relationships with others, including subadult offspring.
We also provide greater insight into how activity budgets vary across
seasons and times of day. Our findings illuminate the behavioral and
social lives of SWR under human care. Such information retains the
power to improve management practices and the health and welfare
of a threatened species.

Activity budget analyses reported here indicate seasonal and
daily variations in diurnal behavior. For wild SWR, diurnal behaviors
are contingent on multiple factors, including the time of day and
weather conditions (Goodenough et al, 2022; O'Connor, 1986;
Tichagwa et al., 2020). Our herd's diurnal activities mirrored those
reported in the literature (Hutchins & Kreger, 2006; O'Connor, 1986;
Patton et al., 2011; Tichagwa et al., 2020), where eating and grazing

together ranged from 37% to 56% of the observed time, and diurnal
resting behaviors accounted for 25%-38% of the observed time. No
stereotypic behaviors were observed over the course of the study.
A continuous decline in grazing and an increase in active behaviors
was observed from November through February, followed by a steep
increase in March. This phenomenon was most likely due to the
death of the fresh grass across their habitat that commonly occurs
over the winter months in the northern hemisphere (Roberts
et al., 2009), where foraging decreases and exploring for foraging
opportunities increases. We also reported an increase in rest
behaviors when ambient temperature increased, during midday hours
and in the spring and summer. These findings support previous work
which illustrates that temperature, along with food availability,
modulates rhino activity (O'Connor, 1986; Patton et al, 2011,
Tichagwa et al., 2020). Further study during the late summer and
early fall is needed to track changes over an entire year.

Our study also demonstrates social preferences among this herd
of zoo-housed SWR, given different options for social partners.
Surprisingly, we did not find that relatedness played a significant role
in forming social bonds. Though mothers closely associated with their
nursing calves, these females exhibited weak social bonds and
associations with all other female rhinos. This is reflected in their low
analytic values in Table 5 and their preference to avoid associations
outside of their mother/calf dyads in Table 4. Immature SWR calves
are heavily dependent on their mothers (Hutchins & Kreger, 2006; L.
Metrione & Eyres, 2014; Shrader & Owen-Smith, 2002), therefore it
is not surprising that these dyads showed strong bonds (CSI > 4) and
directional preferences from the calves to their mothers (Figure 7). As
in previous research (Hutchins & Kreger, 2006; Shrader & Owen-
Smith, 2002), these mothers did not maintain social bonds with other
females despite opportunities to interact with close relatives,
including older offspring, sisters, and nieces. Temporal analysis shows
that associations tend to decline over time, either due to a mixture of
long- and short-term associations and/or rapid disassociations
(Figure 6). This supports previous observations of “semi-stable”
female herds seen in wild SWR (Hutchins & Kreger, 2006; L. C.
Metrione et al., 2007). Furthermore, although anecdotal, before
birthing the current nursing calves, these mothers were noted to
maintain strong social bonds with other adult females in the group,
suggesting the presence of a dependent calf dramatically changes the
social dynamics of the herd, removing mothers as potential social
partners until their calves are weaned.

While we confirm previous reports of wild SWRs, where females
maintain 1-2 strong social bonds (Hutchins & Kreger, 2006; Owen-
Smith, 1975; Shrader & Owen-Smith, 2002) referred to as the “buddy
system” (Shrader & Owen-Smith, 2002), we also reveal directionality
among these preferences. Here we show that subadult females
maintain strong social bonds with calf-less adult females and that
immature individuals often initiate affiliative interactions. If a nursing
mother is occupied with a dependent calf, juvenile SWR may seek
bonds with other adults to satisfy non-mutually exclusive needs.
First, maintaining proximity to a larger conspecific may deter

predation or approaches from territorial adult males or, in zoo
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settings, shield nondominant individuals from dominant ones (L. C.
Metrione et al., 2007). Second, these associations may help guide
immature rhinos within novel environments through the experience
of an older female. Studies have shown that environmental
knowledge can be gained through social learning (Bolzan et al., 2020;
Ellis et al., 2019; Nunez et al., 2015). Maintaining social ties with adult
SWR may be critical to the foraging and overall success of
youngsters. Due to the limited sample size of this study, further

studies will be needed to support this claim.

5 | MANAGEMENT IMPLICATIONS

Findings from this study have practical implications for managing
SWR while under human care. For example, in winter, supplemental
foraging opportunities must be available to offset seasonal deficien-
cies in grazing. In addition, we have shown that these subadults
exhibited a preference toward calf-less adult females, suggesting that
such associations may be imperative to the well-being of developing
females. Cohabitation with mothers may not be as crucial to weaned,
developing, immature females as access to calf-less adult females.
This insight can help facilities housing rhinos encourage natural social
behaviors by including unrelated adult females in their herds to

increase their success under human care.

6 | CONCLUSION

This study analyzed the behavioral and social trends of a herd of
eight zoo-housed, female SWR from November 2020 through June
2021. Activity budgets closely mirrored previous studies of diurnal
SWR behavior and sociality data revealed strong ties between
mothers and nursing calves, as well as calf-less adult and subadult
females. Social network analyses produced two important findings:
(1) mother-calf dyads maintained social isolation from the other
females; (2) immatures pursued affiliative interactions with calf-less
adults. Our study, therefore, reveals the preferences of zoo-housed
SWR that can be used when creating social groupings to improve
well-being. Future research would benefit from exploring sociality
among different group compositions of SWR, across various ages ad
those including males and could be bolstered by including welfare
metrics beyond observational data, including hormonal data (e.g.,
glucocorticoids), physiological information (e.g., growth rates,

weight changes), or reproduction rates and survivorship.
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