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Overnight monitoring reveals the
behavioral rhythms of a geriatric
male elephant: an animal-
centered case study of rest
and stereotypy
Alena McGuire, Michelle Kienlen, Rachel Emory
and Chase A. LaDue*

Oklahoma City Zoo and Botanical Garden, Oklahoma City, OK, United States
Introduction:Monitoring overnight behavior is important in assessing the overall

wellbeing of ex-situ elephant populations, with recumbent rest and stereotypy as

key indicators of welfare. However, there have been few studies that address the

overnight behavior of singly housed male elephants with a history of stereotypy.

We conducted an opportunistic case study of the overnight behavior (i.e., rest

and stereotypy) of a singly housed geriatric male Asian elephant at the Oklahoma

City Zoo to identify his overnight behavioral rhythms in response to physiological

(musth) and environmental changes (habitat access, automatic timed feeders)

and guide management strategies.

Methods: Infrared cameras were utilized to conduct continuous focal-animal

sampling of the elephant’s behavior between 20:00 and 08:00 in indoor and

outdoor habitats. Sampling occurred from January 2023 to October 2023, with a

total of 179 overnight observations.

Results: The elephant exhibited recumbent rest for 175.66 ± 6.80 (mean ± SE)

minutes per night and was engaged in stereotypy for 175.88 ± 9.68 minutes per

night. While there was no significant relationship between stereotypy and the

sexual state of musth, musth was associated with reduced durations of

recumbent rest. Access to both indoor and outdoor habitats was significantly

related to decreased stereotypy compared to indoor-only treatments.

Recumbent rest occurred most frequently between 02:00 and 05:00, and

stereotypic behavior was most common between 06:00 and 08:00. Contrary

to our expectations, automatic feeders did not significantly reduce stereotypy.

Discussion: The results of this study provide insight into the behavioral patterns

of a geriatric male Asian elephant, demonstrating the importance of

implementing an animal-centered approach to enhance animal wellbeing. As

the zoo-housed Asian elephant population grows and continues to age, this case

study emphasizes the importance of developing comprehensive welfare

strategies for the elephants in our care.
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1 Introduction

Asian elephants (Elephas maximus) are endangered, and ex-situ

populations (such as those housed by zoos, wildlife parks, camps,

and similar facilities) are important for the long-term sustainability

of the species (Riddle and Stremme, 2011). At the same time, zoos

and other facilities have an obligation to deliver a high standard of

care to elephants in these populations, including providing

opportunities to thrive that ensure proper management and

welfare (Association of Zoos and Aquariums, 2023). There is a

great amount of interest in the wellbeing of zoo-housed elephants,

and various studies have identified environmental and social factors

that influence the welfare of elephants in zoos. For example, we now

understand that positive indicators of welfare are associated with

complex environments, diverse feeding opportunities, and softer

flooring substrates (Meehan et al., 2016). Nonetheless, animal-

centered approaches to welfare that consider the experiences of

individual animals remain central to modern elephant management

practices. Recently there has been scientific interest in quantifying

the diurnal and nocturnal experiences of elephants and other

species in zoos to provide “24/7” husbandry (Brando and

Buchanan-Smith, 2018). To accomplish this, animal caretakers

and researchers utilize a variety of tools to monitor the wellbeing

of individual zoo elephants.

Monitoring animal behavior is an important welfare tool for the

management of elephants and other zoo-housed species (Watters

et al., 2009, 2019). Circadian rhythms of zoo elephants have been

regularly described in the literature; elephants spend approximately

40% of the day foraging (Tresz and Wright, 2006; Lukacs et al.,

2016) and typically sleep 25% of the day (Williams et al., 2015;

Schiffmann et al., 2018, 2023). Most rest appears to happen at night,

although smaller bouts of rest may occur during the day, especially

among younger elephants. Rest has been commonly cited as a key

indicator of elephant welfare (Walsh, 2017; Schiffmann et al., 2018;

Kalirathinam et al., 2019). When resting, elephants may stand

upright or be in a recumbent position, but they may only enter

rapid eye movement (REM) sleep when recumbent, as they do not

require active tension to support themselves against gravity

(Schiffmann et al., 2018). REM sleep is important for an animal’s

physiological health (Blumberg et al., 2020), and therefore

inadequate levels of sleep may reflect a compromised welfare

state. Furthermore, stereotypic behavior—any repetitive behavior

with no obvious goal or function (Mason, 1991)—has also been

commonly used as an important welfare indicator in elephants and

other zoo-housed species (Mason and Rushen, 2006). Stereotypic

behavior is relatively common in zoo elephants and most typically

consists of swaying, head bobbing, and/or pacing (Rees, 2009), with

previous studies finding that approximately 60% of elephants in

zoos demonstrate some form of stereotypy (Mason and Veasey,

2010). Additionally, stereotypic behavior may be most common

following periods of eating in zoo-housed elephants (Greco et al.,

2016a), indicating a possible anticipatory function (Krebs et al.,

2022). Studies that focus on sleep patterns and stereotypic behavior

as two components of behavioral welfare may help us to further

enhance elephant wellbeing in zoos.
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Despite recent interest in understanding rest-activity rhythms in

zoo-housed elephants, few long-term studies have been conducted

that focus on overnight stereotypy. Additionally, studies on elephant

sleep often focus on groups of elephants (Wilson et al., 2006; Evison

et al., 2020; Finch et al., 2021; Thevarajah et al., 2021) rather than on

singly housed individuals. Older male elephants are routinely housed

separately from other elephants to replicate social structures observed

in free-ranging populations (Keerthipriya et al., 2021; LaDue et al.,

2022d). Furthermore, during the sexual state of “musth”—a period

unique to male elephants that is characterized by elevated

testosterone and concomitant behavioral changes—males may be

housed separately from females as a precaution to minimize

aggression toward conspecifics (LaDue et al., 2022a). Similarly,

geriatric elephants may be housed singly for various lengths or

frequencies of time to reduce the risk of injury or fatigue resulting

from prolonged exposure to younger, more energetic conspecifics.

Without prolonged social stimulation, these individually housed

elephants may require specialized husbandry to ensure their

behavioral repertoire is still conducive to a good welfare standard.

In this regard, it can be particularly important to monitor the

overnight behavior of these elephants during periods when

caretakers are not at the zoo.

The aim of this case study was to evaluate factors that may be

associated with the overnight behavior of a geriatric male elephant

at the Oklahoma City Zoo and Botanical Garden (“OKC Zoo”,

USA) who was housed individually and had a history of stereotypic

behavior that presented as swaying. OKC Zoo houses a multi-

generational herd of Asian elephants. For 14 hours each day

(spanning from 17:00 in the evening to 07:00 the next morning),

animal caretakers are off premises, leaving animals to exert a greater

amount of choice in their nightly activities without direct

intervention from caretakers. We implemented a behavioral

monitoring protocol to quantify the impacts of several changes in

the focal animal’s environment and physiological state, including

prolonged feeding strategies, diverse habitat access, and musth.

While caretakers at the Zoo utilize a broad ethogram to quantify

behavioral rhythms that can be expected to be associated with these

changes, in this case study we focus on recumbency and stereotypy

as key indicators of this elephant’s overall welfare. Specifically, we

hypothesized that prolonging food availability (through automatic

overnight feeders) and increasing environmental complexity (by

providing simultaneous access to multiple habitat spaces) would

result in lower levels of stereotypic behavior overnight.

Additionally, we hypothesized that periods of musth would be

associated with higher levels of overnight stereotypy and shorter

durations of rest (i.e., recumbency) overnight.
2 Methods

2.1 Site description

The study was conducted at the OKC Zoo from January 2023

through October 2023. At the time of the study, the Zoo housed

three male elephants (including the focal elephant in this case
frontiersin.org
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study) and five female elephants, ranging from 1 years to 54 years in

January 2023. The base of each elephant’s diet consisted of hay

and leafy forage, with sparse fruits and vegetables provided

intermittently for enrichment and animal training. Water for

drinking was provided ad libitum. The elephant habitat

complex at OKC Zoo consists of multiple outdoor habitats with

grass and dirt substrate, and a large indoor barn with

interconnected stalls (two of which had sand substrate, the others

were concrete) (Figure 1).

2.2 Focal animal

The subject of this case study is the oldest elephant at the OKC

Zoo, a geriatric, wild-born male that was 54 years old. Due to

previous incompatibility with other elephants, he was housed

individually (except during times of breeding), although he had

regular tactile, olfactory, visual, and auditory access to other

elephants at the Zoo across a barrier. This elephant has exhibited

a long history of stereotypic behavior. Before the study began, he

sustained age-related degenerative joint disease. Concomitantly,

this elephant has presented with intermittent and recurring

toenail abscesses, presumably due to abnormal distribution of

weight during stereotypy. Furthermore, in 2017 he was diagnosed

with a punctate cataract and corneal mineralization in one eye,

presumably impairing his visual capacity.

This elephant’s housing alternated between two of the outdoor

habitats (both of which contained a sand pile for resting, a pool, and
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various hanging and ground-level feeding stations for hay) and/or

indoor stalls with sand substrate and concrete flooring. Depending

on outdoor temperatures and weather overnight, the elephant in

this study was housed outdoors (when overnight temperatures were

above 7°C and lower than 37°C), indoors (during extreme weather

or when overnight temperatures were lower than 2°C), or with

simultaneous access to both indoor and outdoor spaces (when

overnight temperatures were between 2°C and 7°C or above 37°C).

During the study period, automatic feeders (Stable Grazer®

Generation II Automatic Hay Feeder, HayDay LLC, Hayden,

Idaho, USA) were installed on 11 February 2023—approximately

one month into the study—to dispense hay at unpredictable

intervals in indoor stalls A and D between 04:00 and 06:45

(Table 1). Automatic feeders in Habitats 1 and 2 already had

been present for several years before the study began, and they

were present for the entire duration of the study as well. During

overnight housing in Habitats 1 and 2, these feeders were originally

programmed to dispense food between 18:00 and 00:00, shortly

after caretakers left grounds each evening. Automatic feeders in

Habitat 2 were then reprogrammed to dispense hay in early

morning hours (between 04:00 and 06:45) on 03 August 2023.

Additionally, the elephant displayed signs of musth (temporal gland

secretions and/or urine dribbling) between March and July 2023.

While we made no husbandry modifications due to musth, male

Asian elephants may be expected to change activity budgets (e.g.,

decreased foraging, increasing walking and stereotypy) during this

period (LaDue et al., 2022c).
FIGURE 1

Overview of spaces available to focal elephant during study from 02 Jan 2023 to 30 Oct 2023, drawn to scale. Habitats 1 and 2 are outdoors, and indoor
spaces are indicated with letters. Yellow indoor spaces (A, D) had a sand substrate, with automatic feeders installed on 11 Feb 2023. Blue indoor spaces had
concrete floors, with no automatic feeders. For overnight observations, access was defined as outdoors (either Habitat 1 or Habitat 2), indoors (some
combination of spaces A, B, C, and/or D), or both (some combination of indoor spaces, and either Habitat 1 or Habitat 2). Gray rectangle represents the
entire indoor elephant complex; other indoor and outdoor spaces inaccessible to focal animal during this study are not shown.
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2.3 Data collection

We conducted continuous focal-animal sampling of the focal

elephant’s behavior between 20:00 and 08:00 using infrared cameras

present in indoor and outdoor habitats (Altmann, 1974), reviewing

the camera footage within two days of each recording session. We

aimed to collect data on at least four randomly selected nights each

week. Over approximately ten months, we conducted 179 overnight

observations (mean ± SD observations per month = 17.9 ± 4.0, min

= 11, max = 24). During each observation, we noted the beginning

and end of each bout of recumbency (i.e., “recumbent rest”) and

stereotypy. Recumbent rest was defined as any instance when the

body was touching the ground with at least two soles off the ground,

encompassing both sternal and lateral recumbency. Bouts of

stereotypic behavior were initiated with the start of repetitive

swaying and ended when swaying stopped for a minimum of 30

seconds; swaying bouts were identified when the elephant was

stationary in space on all four legs, visibly shifting weight from

one side of the body to the other for at least two repetitions. No

other forms of stereotypy were noted in the focal elephant before or

during the study.
2.4 Data analysis

All analyses were carried out using R version 4.1.0 (R Core

Team, 2021), with the following packages: AICc-modavg

(Mazerolle, 2019), lme4 (Bates et al., 2015), and tidyverse

(Wickham et al., 2019). For relevant analyses, statistical

significance was set at a = 0.05.

For each overnight observation, we calculated the total time

engaged in recumbent rest and stereotypy (separately), to the

nearest minute. To determine putative effects of space access

(indoors only, outdoors only, or both indoors and outdoors) and

musth status on duration of recumbent rest or stereotypy, we

implemented a linear mixed model approach using a ranked
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model selection approach (Johnson and Omland, 2004; Zuur and

Ieno, 2016). For each behavior, we created a list of candidate models

that included additive permutations of fixed effects (space access

and musth status), with observation month as a random intercept in

each model to account for temporal autocorrelation. Candidate

models were ranked via Akaike Information Criterion (AIC) values

with maximum likelihood estimation. We used Kruskal-Wallis rank

sum tests for post-hoc analyses to identify behavioral differences

between states (space access and/or musth status).

Each night of observations, we summed the number of minutes

the elephant was in recumbent rest or engaging in stereotypy

(separately) each hour from 20:00 to 08:00. Then for each night,

we calculated the hourly proportion of recumbency or stereotypy by

dividing each hour’s sum by the total number of recumbency/

stereotypy for the night. To test for differences in the proportion of

each night engaged in recumbent rest or stereotypy, we constructed

linear mixed models with hour as a fixed effect and month as a

random intercept. Significant differences between hours for each

behavior were identified via Kruskal-Wallis rank sum tests with

Bonferroni corrections applied to resulting P-values due to a high

number of pairwise comparisons.

Additionally, to evaluate the impact of automatic feeders on

mitigating high rates of stereotypy, we analyzed a subset of the data

for the proportion of time spent swaying before and after the feeders

were installed/programmed to dispense food. The automatic feeders

for indoor spaces were installed on 11 February 2023. We identified

nights during which the elephant had access to at least one of these

feeders one month before and three months after the installation,

only including nights in this period in which the elephant was in a

space where feeders would be/were installed (n = 33). On each of

these nights, we calculated the proportion of time engaged in

stereotypy between 04:00 and 08:00, around the time when the

feeders were programmed to dispense food (between 04:00 and

06:45). Automatic feeders in Habitat 2 were reprogrammed from

late evening hours (18:00 to 00:00) to dispense food during early

morning hours starting on 03 August 2023. Similarly, we identified

nights when the elephant had access to these outdoors feeders one

month before and approximately three months after this date and

calculated time spent engaged in stereotypy between 04:00

and 08:00 (n = 31). For each of these scenarios (indoor feeders

and outdoor feeders), we utilized Kruskal-Wallis rank sum tests to

identify differences in stereotypy between each of the four months

(one month prior to and three months following the automatic

feeders) due to uneven sampling between months.
3 Results

Over the study period, the elephant exhibited recumbent rest

for 175.66 ± 6.80 (mean ± SE) minutes per night and was engaged in

stereotypy for 175.88 ± 9.68 minutes per night. There were no

changes in the overnight duration of either recumbent rest or

stereotypy due to time of year (Supplementary Figure 1).

However, there was a significant influence of musth status on
TABLE 1 Timeline of relevant events in the case study, including habitat
modifications and occurrence of annual musth period.

Date Event

02 Jan 2023 Case study begins

11 Feb 2023 Automatic feeders installed in indoor spaces A and D,
programmed to release food unpredictably in early
morning hours (between 04:00 and 06:45)

10 Mar 2023 Starts to display signs of musth

31 Jul 2023 Stops displaying signs of musth

03 Aug 2023 Outdoor automatic feeders in Habitat 2 reprogrammed to
release food unpredictably in early morning hours (between
04:00 and 06:45)

30 Oct 2023 Case study ends
The beginning and end of musth were determined via the display of visible musth signs
(temporal gland secretions and/or urine dribbling). See Figure 1 for description of
physical spaces.
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recumbent rest (Supplementary Table 1A); our model selection

process revealed that variation in recumbency was best explained by

musth status but not habitat access, with shorter nightly durations

of recumbency observed during musth compared to non-musth

(Supplementary Table 2A; Figure 2A; c21 = 4.186, P = 0.041).

Conversely, variation in observed stereotypy was best explained by

habitat access and not musth status (Supplementary Table 1B). In

other words, there was a significant difference in the duration of

stereotypic swaying between the three levels of habitat access

(Supplementary Table 2B; c22 = 7.505, P = 0.023). Post-hoc

analyses revealed significantly more stereotypy in days with only

indoor access compared to those where both indoor and outdoor

access was permitted; there was no significant difference in

stereotypy duration between days with indoor-only or outdoor-

only access (Figure 2B).

There were clear behavioral rhythms across the night for both

recumbent rest (c211 = 531.13, P < 0.001) and stereotypy (c211 =

557.80, P < 0.001) (Supplementary Table 3). The average time spent

in recumbency increased with the night’s progression, with sleep
Frontiers in Conservation Science 05
most commonly occurring between 02:00 and 05:00 and decreasing

until 08:00 (Figure 3A). Conversely, time spent in stereotypy was

relatively minimal between 20:00 and 04:00, increasing dramatically

between 06:00 and 08:00 (Figure 3B).

Finally, while there was a decreasing trend in the amount of

time engaged in stereotypy between 04:00 and 08:00 as a result of

installing the automatic feeders in indoor spaces, there were no

significant monthly differences between the four months we

analyzed (c23 = 5.79, P = 0.122) (Supplementary Figure 2A).

Similarly, there was no apparent difference in stereotypy between

04:00 and 08:00 as a result of reprogramming the outdoor feeders

(c23 = 5.54, P = 0.136) (Supplementary Figure 2B).
4 Discussion

This case study embodies the value of an animal-centered

approach to behavioral monitoring to enhance zoo elephant

wellbeing. Recumbent rest and stereotypy can be useful
B

A

FIGURE 2

Boxplots of recumbent rest and stereotypy durations per night of a geriatric male Asian elephant based on (A) musth status and (B) habitat access.
Boxes extend from the first to third quartiles, with median indicated by a thick line and mean by a diamond; fences extend to 1.5 times the
interquartile range, and closed circles indicate values outside this range. Different letters above boxes indicate statistically significant differences
between (A) non-musth and musth, and between (B) habitat access; absence of letters indicate no significant differences between these treatments.
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behavioral indicators with which to measure elephant welfare, and

while we observed variation in the extent by which the focal

elephant engaged in these behaviors overnight, we also identified

factors associated with this variation. First, shorter durations of

recumbent rest were associated with musth. Further, it appeared

that habitat access (whether indoors, outdoors, or a combination of

the two) influenced stereotypical behavior, with longer durations

associated with indoor-only access and shorter durations with the

choice of indoor and outdoor spaces. We also noted distinct

behavioral rhythms associated with time of the night—recumbent

rest was most common between 02:00 and 05:00, along with

stereotypy increasing dramatically between 06:00 and 08:00.

While we did not observe significant effects of automatic feeders

on stereotypic behavior, there was a statistically nonsignificant

trend of decreasing incidence of stereotypy with prolonged

feeding opportunities in indoor spaces. While the results

presented here represent a single elephant, this study provides an

example of the value of behavioral monitoring in zoos using an

animal-centered approach. With greater emphasis on the 24-hour

experience of zoo animals, it also is important to monitor the

behavior of animals overnight, when caretakers are not present.

Furthermore, as zoo-housed elephant populations age and we

produce more male elephants through ex-situ breeding efforts,

our study will be representative of many of the elephants (i.e.,

geriatric, individually housed males) that may be a challenge for

sustainable management strategies into the future.
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4.1 Habitat access

Providing zoo-housed animals with choice over their

environment has been suggested to have considerable impact on

animal wellbeing (Powell and Vitale, 2016). Notably in this study,

we found a decline in stereotypic behavior when the focal individual

had access to both indoor and outdoor habitats even though

stereotypy did not differ between indoor- and outdoor-only

conditions, providing supportive evidence for the value of choice

for elephants in zoos. Among zoo elephants, the ability to choose

between indoor and outdoor experiences is associated with

decreased stereotypic behavior (Greco et al., 2016a; Schiffmann

et al., 2019). In implementing a data-driven approach to mitigate

stereotypy in this elephant, we may manipulate environmental

complexity (by providing access to multiple habitats) to enhance

overall wellbeing (Scott and LaDue, 2019).

Anecdotally, we observed a preference in this focal elephant for

indoor sand stalls as he often chooses to go inside to sleep, rather

than resting on the outdoor sand piles or sloped ground.

Additionally, we found that the focal elephant exclusively chose

to sleep on substrate rather than concrete when housed indoors,

corroborating the results of other studies on rest in zoo-housed

elephants (Walsh, 2017). As elephants primarily sleep at night, it is

unsurprising that we most commonly observed recumbent rest in

this elephant between 02:00-05:00. Due to his geriatric age (54

years), it is important that the focal elephant consistently rests in a
B

A

FIGURE 3

Hourly proportions per night engaged in (A) recumbent rest and (B) stereotypy. Diamonds represent average values for each hour across the study
period, with points denoting individual observations (jittered for ease of interpretation). Letters indicate statistically significant hourly differences
between (A) recumbent rest and (B) stereotypy.
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recumbent position, as older elephants may be reluctant to lie down

due to hesitancy to get back up (Schiffmann et al., 2018). We did not

observe many instances of recumbency-free nights in this elephant,

and his average rest time was approximately 179 minutes per night.

Moving forward as this elephant ages, we plan to use the measure of

recumbency duration as an important indicator for wellbeing to

guide the care that we provide to this elephant.
4.2 Musth

Even though we did not find a significant impact of musth on

stereotypy in this case study, we did describe a significant negative

association of musth with recumbency. Musth poses distinct

challenges to elephant management (LaDue et al., 2022a, LaDue

et al., 2022b), and we now understand the importance of providing

male elephants with complex, engaging environments. In

understanding how behavioral rhythms change with musth

(including overnight behavior), we may provide targeted

interventions to bolster animal health and wellbeing during this

period that is physiologically taxing for male elephants. As

described in previous studies, the focal male appeared to have a

decreased appetite and increased locomotion with musth, changes

that presumably are associated with altered hormonal profiles and

increased reproductive activity (Keerthipriya et al., 2020; LaDue

et al., 2022c). Wild male elephants in musth often traverse long

distances to pursue estrous females (Fernando et al., 2008), and

evidently this behavioral adaptation persists in ex-situ

environments (LaDue et al., 2022c). In the present case study, this

change in behavioral rhythm was manifested through decreased

recumbent rest, and so now we know that it may be important to

provide this elephant with environmental conditions that promote

rest, especially given his advanced age.
4.3 Automatic feeders

We originally hypothesized that automatic feeders would

decrease stereotypic swaying in the focal elephant, as the

randomized times would prolong feeding time and decrease

anticipation. Indeed, other studies in zoo-housed elephants have

suggested that unpredictable and diverse feeding schedules can be a

valuable tool in reducing stereotypy (Wilson et al., 2004; Greco

et al., 2016b; Sullivan and Fazio, 2018). However, our case study

revealed no significant relationship between the automatic feeders

and stereotypy. Anecdotal observations indicate that the presence of

the feeders instead caused the individual to engage in swaying

throughout the night and reduced recumbent rest; we observed

shorter durations of recumbent rest interrupted by bouts of activity

(including stereotypy) to check or wait for the presence of food at

the automatic feeders. Given the schedule of this elephant’s

stereotypic swaying (with a high prevalence in the hours just

before caretakers arrive for the day), there is a strong possibility

that this behavior is anticipatory in nature (Krebs et al., 2022). In

prolonging the possibility of food—and also providing smaller
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amounts of food at each feeding opportunity as a result—we may

have inadvertently removed an otherwise reliable cue of a desired

consequence, thereby increasing anticipation across a longer period

of the night (Podturkin et al., 2023).

With these results in mind, we are not advocating for an

abandonment of diverse feeding strategies; while statistically

nonsignificant, our data indicate that automatic feeders may have

a positive impact in simpler indoor spaces that may lack the

complexity of outdoor spaces. Instead, we suggest that feeding

strategies (including the use and timing of automatic feeders) be

carefully considered and targeted with behavioral motivations and

outcomes in mind. For the elephant in this study, we are now

exploring ways that may decrease stereotypy while also promoting

species-appropriate behavioral diversity.
4.4 Conclusion

For the focal elephant in this study, this work has played a

principal role in challenging the assumptions we had about the

temporal qualities and motivations of rest and stereotypy. By using

an adaptive and data-driven approach, we have implemented

targeted management strategies to enhance animal wellbeing,

always evaluating the impact of these changes. In particular, we

have gained better insight into the potential motivations behind this

elephant’s stereotypy, even as his overnight behavior may be largely

outside the influence of caretaker presence. While it is unlikely that

overnight stereotypy will be completely eliminated given its semi-

permanent neurophysiological nature (Mason and Rushen, 2006),

this case study has been an important factor in providing

comprehensive animal care for the focal elephant.

In understanding the behavioral rhythms of the animals in our

care, this study demonstrates the value of overnight monitoring to

promote animal wellbeing through an animal-centered approach. A

true “24/7” approach to animal wellbeing requires that our

management strategies grow and change with the animals in our

care, and this is certainly relevant to ex-situ elephant populations. As

we develop targeted interventions to enhance the lives of elephants in

zoos (and aging male elephants in particular), further work is needed to

investigate the relationship between musth and its impact on sleep and

stereotypic behavior. Furthermore, as we better understand the causes

and consequences of stereotypic behavior, future studies should

evaluate factors that influence the success of automatic timed feeders

and the impact they may have on overnight behavior of elephants.

Animal-centered approaches challenge animal managers to evaluate

even widely held assumptions. With the development of innovative

and effective tools with which we can understand the lives of the

animals in our care, it remains important to assess the influence of our

management on individual animals.
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