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ABSTRACT

The behavior of the elusive clouded leopard (Neofelis nebulosa) is not well
understood. In captivity, they are prone to exhibit stress-related behaviors and are often
aggressive to conspecifics when paired. The present study built on past research by
examining clouded leopards at the Nashville Zoo at Grassmere (NZG) to determine their
activity patterns and temperament. Twelve leopards were exposed to familiar and
unfamiliar objects and people, as well as their reflection in a mirror over nine trials. The
males were often more reactive than the females, and the 5-year olds more reactive than
their younger counterparts. The mirror image and unfamiliar object trials brought out the
most aggressive and stereotypic behaviors, while the behaviors expressed in the familiar
person and familiar object trials were mild. Individual leopards were then categorized as
“content,” “anxious,” or “disinterested.” Content leopards were the only ones to play,
while anxious leopards performed more interactive events than the other temperaments.
The quality of care at the NZG can therefore be considered good because of the few
stereotypic or aggressive behaviors exhibited by the leopards.
High quality of care can be supplemented through environmental enrichment,
which can provide a means for improving reproductive success within the species. It may
also provide a platform for social interaction or promote complex thinking. Regardless of
these more specific goals, zoos such as the NZG use environmental enrichment to
improve the quality of life for their animals. However, zoos serve many different
purposes, which may come into conflict with one another. Therefore, zoos must carefully
consider the needs of each species and individual when introducing environmental
enrichment, so that every individual can remain as healthy and content as possible.
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Evaluating the Social Behavior and Activity Patterns of
Clouded Leopards (Neofelis nebulosa) at the Nashville Zoo
Meghan E. Ryckeley
The behavior of the elusive clouded leopard (Neofelis nebulosa) of Southeast Asia
is not well understood. In captivity, they are prone to exhibit stress-related
behaviors and are often aggressive to conspecifics when paired. The present study
built on past research by examining clouded leopards at the Nashville Zoo to
determine their activity patterns through focal animal observations and their
temperament using behavioral reaction tests. Stereotypic behaviors were also
evaluated. Twelve leopards (7 F, 5 M) from 1-5 years old were exposed to
familiar and unfamiliar objects and people, as well as their reflection in a mirror
over nine trials. The males were often more reactive than the females, and the 5year olds more reactive than their younger counterparts. No noticeable difference
was evident between leopards that were or were not paired. The mirror image and
unfamiliar object trials brought out the most aggressive and stereotypic behaviors,
while the behaviors expressed in the familiar person and familiar object trials
were mild. Individual leopards were then categorized as “content,” “anxious,” or
“disinterested.” Content leopards were the only ones to play, while anxious
leopards performed more interactive events than the other temperaments.
Disinterested individuals exhibited very few interactive events toward the people
or objects. The quality of care at the Nashville Zoo can be considered good
because of the few stereotypic or aggressive behaviors exhibited by the leopards.
These findings may be helpful for other facilities housing clouded leopards.
Key words: stereotypic behavior, clouded leopards, enrichment

INTRODUCTION
The clouded leopard (Neofelis nebulosa), named after the pattern on its coat, is a
beautiful but not very well studied feline species. They are medium-sized cats (16-23 kg) that
live in forested areas of Southeast Asia. The species is listed as vulnerable by the International
Union for Conservation of Nature and as endangered by the US Fish and Wildlife under the
Endangered Species Act (Clouded Leopard Project 2011). These cats suffer from habitat loss and
poaching (Grassman et al. 2005). Their behavior is not well understood because of their arboreal
and reclusive nature.
Many institutions, including zoos, have made efforts to preserve clouded leopards in
captivity. However, the species does not breed well in captivity due to aggression towards mates
(Fazio 2009). In captivity, the cats can also exhibit stereotypic behaviors. Stereotypic behaviors
are repetitive, invariant actions that may be triggered by stress, such as tail chewing and
compulsive grooming (Mason 1991). These behaviors may be contributing to breeding problems
(Wielebnowski et al. 2002).
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Two recent theses have investigated captive clouded leopard behavior. One study has
shown that behavioral reaction tests such as mirror image stimulation and unfamiliar people were
good indicators of temperament and compared well to evaluations based on endocrine levels
(DeCaluwe, 2012). Through hormone-based evaluations, DeCaluwe was able to use targeted
medications to reduce anxiety (clomipramine) and inhibit gonadotropin releasing hormone
function (deslorelin), showing that stress, aggression, and their associated stereotypic behaviors
stem at least partially from the activity of the endocrine system. Though the present study does
not use hormone data, DeCaluwe’s conclusion that specific behavioral tests compared well to
endocrine evaluations has been taken into account when developing the methodology and
behavioral trials.
A second thesis used unfamiliar object tests, urine scent tests, and Mirror Image
Simulation (MIS) to isolate temperaments and behaviors present in successful versus
unsuccessful breeding pairs (Fazio, 2009). Combined with surveys completed by the keepers,
these tests were used to categorize the leopards as “high-strung,” “active,” “calm,” or
“aggressive.” Leopards with a quantifiably “calm” temperament were more reproductively
successful and had different behavioral patterns in response to the tests (Fazio, 2009). Fazio’s
use of unfamiliar objects and the MIS as an indicator of reproductive success has been a driving
force in the present study, where the social groups of the leopards were analyzed alongside their
behavioral patterns.
At the time of the present study, the Nashville Zoo at Grassmere (NZG) had one of the
largest captive populations of clouded leopards in North America with 15 cats, 5 males, and 10
females. Some of them have bred successfully several times, yet some are aggressive when
moved or paired, and individuals can be unpredictable with keepers.
Using behavioral trials, this study evaluated the social behavior and activity patterns of
the clouded leopards housed at the NZG in relation to their respective age, sex, and social group.
As leopards mature, their behavior may change as their personalities develop and as they enter
sexual maturity. Because the NZG has leopards of 1, 2, and 5 years of age, the present study uses
this diversity to uncover the behavioral patterns in each age group. As shown in previous studies,
increased testosterone production after puberty often results in more aggressive behavior and
increased sensitivity to other androgens, which are heavily involved in reproductive cycles and
processes (DeCaluwe 2012). Therefore, the present study predicts that the 1-year old leopards
will display less aggressive behavior, spend less time out of sight, and be more vocal than both
the 2-year olds and 5-year olds, in accordance with the “calm” behaviors observed by Fazio
(2009).
Because male aggression towards females is one of the greatest concerns in captive
breeding of clouded leopards (Fazio 2009), examining differences between the sexes is critical to
understanding this aggressive behavior. Isolating the differences in activity patterns of males and
females may increase insight into captive breeding and therefore improve success rates. Because
of these observed behaviors in male leopards, this study predicts that males will be much more
reactive to the unfamiliar people, unfamiliar objects, and MIS than females.
Along with the diversity of age, the NZG also houses differentially successful breeding
pairs. Their activity patterns during the behavioral trials may uncover traits that indicate potential
for successful or unsuccessful breeding (DeCaluwe 2012). All of the leopards in the NZG
currently in breeding pairs or social groups (n=11) had been successfully introduced before this
study was conducted. Therefore, the one unpaired female (Rajani) may potentially behave in a
more “high-strung” or aggressive manner.
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The NZG is one of the many zoos and organizations throughout the world that works
toward the preservation of clouded leopards and other endangered species. This study will add to
the current literature on captive clouded leopard behavior, and thereby facilitate more effective
breeding programs that restore leopard populations and enhance their welfare in captivity. Such
breeding and enrichment programs can be utilized globally with the ultimate goal to provide
stability to both the captive and wild clouded leopard populations. To move the scientific
community toward this goal, this study will add to the current literature on the leopards’ behavior
by investigating their responses to familiar and unfamiliar people, familiar and unfamiliar
objects, and their own mirror image.

MATERIALS AND METHODS
The Nashville Zoo at Grassmere
The clouded leopards used in this study were housed at the Nashville Zoo at Grassmere
(NZG). Though the NZG was home to fourteen leopards in total, only twelve were used in this
study due to the extremely reclusive nature of one female and one male leopard. At the
beginning of the study, the twelve leopards used were seven females and five males. Eight were
housed as breeding pairs (4F, 4M), three were on exhibit (2F, 1M), and one female was kept
individually. Two breeding pairs and the lone female were one year old, the three on exhibit
were two years old, and the remaining four leopards were five years old. Near the end of the
study, both one-year old breeding pairs were relocated to the United Kingdom, preventing
further data collection.

Behavioral Observation
From May 19, 2014 to August 8, 2014, each group of leopards was observed ad libidum
twice per week for at least one hour. All observations were performed between 9:00am and
1:00pm CST. Video was not recording during the ad libidum observations, but preliminary
behavioral data was informally recorded on paper. Any individuals exhibiting stereotypic
behaviors were identified and observed more frequently and during the evening (3:00pm to
5:00pm CST) to find any temporal-spatial patterns to these behaviors.
After initial informal observations, a series of control and experimental trials were
conducted (Table 1). The first control trial was exposure to a familiar person. This person was
one of the six zookeepers who the leopards see on an almost daily basis. The keeper stood just
outside of the enclosure, facing the leopard inside (Figure 1). The second control trial was
exposure to a familiar object. This object was a medium sized plastic ball with which the
leopards had regular contact. The ball was placed in the middle of the enclosure in clear sight
(Figure 2). The third control trial was exposure to an object the same size and shape as a mirror.
In order to isolate the leopards’ behaviors associated with seeing their reflections, the back of the
mirror was used. The first experimental trial was exposure to an unfamiliar person. Volunteers
for this position stood just outside of the enclosure just as one of the keepers did in the control
trial (Figure 3). Similarly, in the second experimental trial, a new rubber tire toy was set in the
middle of the enclosure in the same manner as the medium sized ball (Figure 4). Lastly, in the
mirror image experimental trial, the reflective side of the mirror was propped against the outside
of the enclosure, allowing the leopards to see their reflections (Figure 5). Their behavior was
filmed during all behavioral trials. Ethograms for their behavior were adapted from a recent
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thesis (Fazio 2009) and dissertation (DeCaluwe 2012) (Table 2). These studies also provided the
bases for the procedures used to evaluate the leopards’ temperaments.
Table 1. The control and experimental trials done with the clouded leopards
Control Trials
Experimental Trials
Familiar person
Unfamiliar person
Familiar object
Familiar object
Object same size and shape as mirror
Mirror image simulation

Figure 1. A zookeeper stood approximately 0.5m from the cage. This keeper was
in daily contact with the leopards and was involved in their feeding, care, and
facility upkeep.

Figure 2. A person unfamiliar to the leopards stood approximately 0.5m from the
cage in a similar manner to the zookeeper. This person had never come into
contact with any of the leopards and was completely novel.
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Figure 3. A familiar toy, usually a plastic ball such as this one, was set in a clearly
visible space near the middle of the enclosure. The leopards had daily or weekly
exposure to these objects, which were stored near their enclosures.

Figure 4. A toy tire, purchased at a pet supermarket, was used as an unfamiliar
object. None of the leopards had ever seen or interacted with this object, and it
was stored off-site away from the leopards.
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Figure 5. The mirror used for the mirror image simulation, as seen from close up
(left) and from the back of the cage (right). The mirror was kept clean for all trials
and did not come into direct contact with any of the leopards.
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Table 2. Ethogram of clouded leopard behavior
State
Lying
Pacing

Description
reclining either full on the side or with the head off the ground
walking back and forth along the same path three or more times

Playing

interacting fearlessly and non-aggressively with an object; may be biting or
pushing object

Running
Sitting
Standing
Urinating
Walking
Event
Climb
Bite Object
Carry Object
Chuff
Cheek Mark
Drink
Groom
Hiss
Huff
Lick Object
Meow
Paw Object
Scratch
Shake
Sneeze
Sniff Object
Sniff Person
Stretch
Watch Me
Watch Object
Watch Person
Yawn

very fast, three-beat gait
hind legs bent so that hindquarters touch the ground and front legs straight
motionless, with all four paws on the ground, legs straight
hindquarters lowered to the ground to urinate
slow, four beat gait where no more than one foot leaves the ground at a time
Description
jumps straight upwards or uses walls/platforms to leap onto a higher platform
closes jaw around object
picks up object in its mouth, then moves to another location with the object
expels air through nose; similar to a snort or purr
rubs side of face on an object; mouth may be open
uses tongue to lap water from a bowl
licks self
expels air through mouth with teeth bared
expels air through nose; a sharp exhale
uses tongue to lick an object
short or long vocalization
touches or moves object with paw
uses back claws to scratch self
rapidly shakes head or entire body
sharp and quick exhalation from nose
uses nose to sniff the object
uses nose to sniff the person
extends forelegs or hind legs, sometimes sticking up hindquarters to stretch
out body
stares at me for several seconds
stares at object for several seconds
stares at person for several seconds
yawns, opening jaws and showing teeth non-aggressively
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RESULTS
Throughout all the trials, the most common states were standing, walking, and sitting. In
the case of the 2-year olds, however, the most common state was walking, and for the 1-year
olds, lying replaced sitting as the third most common state (Figure 6). Both the 2-year old pacing
and 5-year old running were only done by one leopard each, as indicated by their lack of
standard error. Several states such as sitting for the 2-year olds and lying down for the - year olds
were predominately done by a single leopard for each category, leading to a very large standard
error.
5-year olds (n=4)

2-year olds (n=3)

1-year olds (n=5)

45%

Percent Time Spent in State

40%
35%
30%
25%
20%
15%
10%
5%
0%
Standing Walking

Sitting

Pacing

Lying

Playing

Other

Out of
Sight

Running Urinating

State

Figure 6. Percent time in each state of the three age groups for all trials. Bars are
one standard error.
When time in each state was examined by sex, females appeared to be more restless, with
standing, walking, and pacing as the three most common states. The females also spent fewer
minutes sitting than the males (Figure 7).
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Female (n=7)

Male (n=5)

Percent Time Spent in State

45%
40%
35%
30%
25%
20%
15%
10%
5%
0%
Standing Walking

Sitting

Lying

Pacing

Out of
Sight

Other

Playing Running Urinating

State

Figure 7. Percent time in each state of males and females during all trials. Bars are
one standard error.

Familiar and Unfamiliar Person Trials
The 2-year olds were particularly reactive to the familiar person in the first trial (Figure
8). Otherwise, there is no large difference between the three age groups.
5-year olds

1-year olds

2-year olds

Events per Minute

14
12
10
8
6
4
2
0
Familiar Person

Familiar Person 2

Unfamiliar Person

Trial

Figure 8. Events per minute of the three age groups during the trials conducted
with familiar and unfamiliar people. Ages are out of order to preserve graph
readability. Bars are one standard error.

9

When evaluated by sex, a great difference did not exist between the second familiar
person trial and the unfamiliar person trial in terms of events per min (Figure 9). However, there
was a tradeoff of the type of event, wherein there was much more chuffing during familiar
person trials, and more watching during unfamiliar person trials. Males were more reactive than
the females, except in the first familiar person trial at the beginning of the study.
Male

Female

Events per Minute

14
12
10
8
6
4
2
0
Familiar Person

Familiar Person 2

Unfamiliar Person

Trial

Figure. 9. Events per minute of the two sexes during the trials conducted with
familiar and unfamiliar people. Bars are one standard error.

Familiar and Unfamiliar Object Trials
During the unfamiliar object trials, the tail-chewer (Hari) hissed at the keeper when she
tried to take the unfamiliar object from him. Similar to the relationship observed during the
person trials, the second familiar object trial more closely aligned with the unfamiliar object trial,
while the first familiar object trial did not (Figure 10). The 1-year olds’ events per minute far
exceeded the average (5.61 events/min), while all other age groups stayed similar to one another.
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5-year olds

1-year olds

2-year olds

20
18

Events per Minute

16
14
12
10
8
6
4
2
0
Familiar Object

Familiar Object 2

Unfamiliar Object

Trial

Figure 10. Events per minute of the three age groups during the trials conducted
with familiar and unfamiliar objects. Ages are out of order to preserve graph
readability. Bars are one standard error.

Additionally, although the males were more reactive around the familiar object, some of
those events, as with the 1-year olds, were focused on other things, and not on the objects
themselves (Figure 11).
Male

Female

18

Events per Minute

16
14
12
10
8
6
4
2
0
Familiar Object

Familiar Object 2

Unfamiliar Object

Trial

Figure 11. Events per minute of the two sexes during the trials conducted with
familiar and unfamiliar objects. Bars are one standard error.
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Mirror Image Trials
The 5-year olds were much more reactive to both the object similar to the mirror (which
could be considered an unfamiliar object) and to the mirror itself. One male in particular (Chet)
huffed frequently throughout the entirety of the mirror image trials. This created extremely
outlying values, leading to the greater standard error (Figure 12).

Events per Minute

5-year olds

1-year olds

2-year olds

20
18
16
14
12
10
8
6
4
2
0
Same as Mirror

Same as Mirror 2

Mirror Image

Trial

Figure 12. Events per minute of the three age groups during the mirror image
trials. Ages are out of order to preserve graph readability. Bars are one standard
error.
Similar to the unfamiliar person trials, males were much more reactive than females to
the mirror image, even with the significant standard error brought about by the outlying huffing
(Figure 13).

Events per Minute

Male

Female

20
18
16
14
12
10
8
6
4
2
0
Same as Mirror

Same as Mirror 2

Mirror Image

Trial

Figure 13. Events per minute of the two sexes during the mirror image trials. Bars
are one standard error.
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Though differences existed between the age groups and sexes, each individual had
distinct behavioral patterns (Figures 14-25).
Other
Pacing
Meow, 14

Walking
Chuff, 27

Standing

Sitting

Running

Sniff Object, 8

Watch
Person, 14

Sniff Person, 9

Figure 14. Baylie’s proportion of time spent in states (left) and proportion of five
most frequent events performed (right).

Lying

Other

Cheek
Mark, 24

Pacing
Playing

Meow, 41

Walking
Chuff, 45
Standing

Sitting

Sniff Object,
23

Huff, 134

Figure 15. Chet’s proportion of time spent in states (left) and proportion of five
most frequent events performed (right).
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Lying

Cheek Mark,
11

Other

Meow, 32

Walking
Sitting

Chuff, 44

Groom, 5
Watch
Person, 5

Standing

Watch Me, 8

Figure 16. Drupada’s proportion of time spent in states (left) and proportion of six
most frequent events performed (right).

Cheek Mark,
45
Watch
Person, 48

Walking
Lying

Sniff Object,
35

Standing
Sitting

Bite Object,
270

Other
Meow, 25
Running

Figure 17. Hari’s proportion of time spent in states (left) and proportion of five
most frequent events performed (right).

14

Other

Lying

Chuff, 14

Running

Carry Object, 9
Watch Object,
9

Sitting
Walking

Bite Object,
34

Sniff Object, 17
Standing

Meow, 63

Figure 18. Kali’s proportion of time spent in states (left) and proportion of six
most frequent events performed (right).

Lying

Other

Bite Object,
21

Pacing
Playing
Chuff, 57

Walking

Meow, 31

Sitting

Standing
Watch
Object, 23

Sniff
Object,
32

Figure 19. Lom Choy’s proportion of time spent in states (left) and proportion of
five most frequent events performed (right).

15

Cheek Mark, 5
Other
Lying
Walking

Running

Meow, 29

Sitting

Sniff Object,
24

Chuff, 95

Watch Person,
5

Standing

Watch Object,
7

Figure 20. Luk’s proportion of time spent in states (left) and proportion of six
most frequent events performed (right).

Lying
Drink, 4

Walking

Groom, 4

Sitting
Standing

Scratch, 1

Sniff
Object, 2

Watch
Person, 1

Figure 21. Nuri’s proportion of time spent in states (left) and proportion of five
most frequent events performed (right).

16

Chuff, 14

Other

Lying
Walking
Sitting

Bite Object,
16

Watch
Object, 12
Meow, 22
Sniff Object,
20

Standing

Figure 22. Padma’s proportion of time spent in states (left) and proportion of five
most frequent events performed (right).

Walking

Cheek
Mark, 24

Lying

Bite Object,
39

Chuff, 13
Other
Standing

Running
Sitting

Sniff
Object, 23
Watch Object,
10

Figure 23. Rajani’s proportion of time spent in states (left) and proportion of five
most frequent events performed (right).
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Other

Cheek
Mark, 8
Meow,
16

Sitting
Chuff, 13

Walking
Watch
Object, 8

Standing
Urinating

Sniff
Object, 20

Paw Object,
24

Figure 24. Tae’s proportion of time spent in states (left) and proportion of six
most frequent events performed (right).

Other

Lying
Walking

Chuff, 15
Pacing

Meow, 30
Watch
Me, 9

Standing

Sitting

Watch
Person, 5

Other, 2

Figure 25. Tula’s proportion of time spent in states (left) and proportion of five
most frequent events performed (right).

DISCUSSION
This study hypothesized that the 1-year old leopards would display less aggressive
behavior, spend less time out of sight, and be more vocal than older clouded leopards, and that
the males would be much more reactive to the unfamiliar people, unfamiliar objects, and MIS
than the females. It also predicted the potential for the unpaired female to be more “high-strung”
than the leopards in established pairs or groups.
Examining age, much of the predicted behavior was not observed. The 1-year olds were
not less aggressive and did not vocalize more than their older counterparts did. It is worth noting
that the 5-year olds interacted more with the objects, and the 2-year olds acted more enthusiastic
about the familiar person, potentially because the keeper’s presence is associated with food. No
aggression was observed in either of these age groups in any of the trials, though stereotypic
18

pacing was performed very consistently by one of the 5-year old females (Baylie). Though the 1year olds were no more vocal than the other age groups as predicted, they did spend much more
time lying down than the other age groups (Figure 6). Another interesting behavioral pattern was
that the 1-year olds reacted strongly to the familiar object. However, it is clear upon watching the
footage from the trial that the events were not brought about by the object, but by the keepers
who put the object in place and were therefore standing nearby. The younger leopards that were
raised in a more stimuli-rich environment were less reactive than their older counterparts were,
but had more stereotypic behaviors. This was most prominently evident in a male leopard’s
(Hari’s) chronic over-grooming of both himself and his female partner. It is also interesting to
note that Hari was the only leopard to display overtly aggressive behavior towards a keeper.
Overall, the 1-year olds were quick to respond to the objects, people, and mirror images, yet also
quick to lose interest. Because of their increased exposure to stimuli and “zoo traffic,” it is
possible that there is a connection between increased stimuli, which enrichment provides, and
increased aggression, stress, and stereotypy. However, more research is needed to understand the
connection between enrichment and stereotypic behavior. Additionally, though studies have
shown that the behavioral trials compared well to evaluations based on endocrine levels
(DeCaluwe, 2012), it would be worthwhile to track hormone levels in conjunction with the
behavioral tests. This would provide a more complete understanding of the leopards’ stress levels
and activity patterns. Therefore, more research is required on this topic.
It is clear that the males were much more reactive to the mirror image than the females
were, though the females were slightly more restless overall (Figure 7). These data support the
initial hypothesis that males would be more reactive, even though this behavioral pattern was
only seen in the mirror image trials. This reactivity ties into the observed male aggression
towards mates, as the MIS emulates the presence of another leopard in the enclosure. Because all
of the males in the study had been successfully introduced to at least one other leopard, the lack
of aggressive behavior, even with the high degree of reactivity, reinforces Fazio’s (2009)
findings that leopards that are not categorized as “aggressive” tend to be reproductively
successful.
By examining the behavior patterns of each leopard, individuals were categorized as
“content,” “anxious,” or “disinterested” (Table 3).
Table 3. Summary of temperament categories and list of leopards in each category
Temperament

Characteristics

Content

Vocal or investigative-vocal

Anxious

>30% time spent lying
Investigative

Disinterested

>15% time spent pacing
Vocal
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Leopards in Category
Chet
Drupada
Kali
Lom Choy
Luk
Padma
Tae
Hari
Rajani
Baylie
Nuri
Tula

Vocal individuals performed chuffs, huffs, and meows as 45% or greater of their total
events. Investigative individuals interacted with the people and objects for 45% or greater of
their total events. Interactions included sniffing, biting, pawing, or carrying. Investigative-vocal
individuals performed vocal and investigative events in nearly equal proportions (<5% difference
in event frequency).
Of the anxious leopards, Rajani displayed a wide variety of unique events and was the
only leopard to run around the enclosure with no clear destination for the movement. Hari was
the stereotypic tail-chewer and the only leopard to hiss at a keeper. The disinterested leopards
spent very little time interacting with the people or objects in the trials and did not perform many
interactive events. These leopards also spent over 15% of their time pacing, with the exception of
Nuri. Content leopards were either vocal or investigative-vocal. Leopards in this group were the
only ones to play, and none of them showed aggressive behavior at any point during the study.
None of the content leopards spent more than 15% of their time lying, and all of them showed at
least moderate interest in the familiar and unfamiliar people, as well as in the familiar and
unfamiliar objects.
Overall, it is difficult to draw general conclusions from these data. The differences in the
way the leopards were raised were difficult to quantify, and the small sample size caused a large
amount of variability. Embracing this variability allowed the present study to uncover the
individual behaviors of each leopard, and these personalities can have a large impact on the
results of behavioral studies (Moreira, Brown, Moraes, Swanson, & Monteiro-Filho, 2007). The
differing personalities of the cats emphasize the need to implement behavioral trials such as the
unfamiliar objects and people, as well as the MIS, into captive cat programs. As the temperament
of each cat is evaluated, through both keeper questionnaires such as those used by Fazio (2009)
and behavioral reaction tests (DeCaluwe, 2012), the zoo can determine the appropriate nature of
enrichment. This enrichment would then have the goal of promoting “calm” behavior and
therefore reproductive success in captivity.
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The role of zoos in the reduction of stress in felids through
environmental enrichment
INTRODUCTION
For captive clouded leopards (Neofelis nebulosa), zoo enrichment can provide a means
for improving reproductive success. In other species of cats, it may provide a platform for social
interaction or promote complex thinking. Regardless of these more specific goals, zoos use
environmental enrichment to improve the quality of life for their animals. Though the methods of
enrichment may differ between species, animal welfare remains a top priority on both a national
and international level (Norton, Hutchins, Stevens, & Maple, 1995). However, the “wellness” of
the animals is not the only thing that must be taken into account, as zoos serve many purposes.
They are not only homes for captive animals, but also proponents of conservation, education,
science, entertainment, and animal welfare (Shepherdson, 1998; Hutchins, et al., 2003).
Due to the multifaceted nature of zoos, these different goals sometimes come into conflict
with one another, so enrichment must balance the entertainment of the masses with the welfare
of the animal. Zoo visitors want to see active animals, and enrichment provided for entertainment
does not always conflict with what is best for the animals. However, in many solitary species,
this high level of activity is not seen in the wild, and may be a source of stress, which reduces
welfare and may cause stereotypic behavior (Clark & Melfi, 2011; Mench, 1998). Therefore,
zoos must carefully consider the needs of each species and individual when introducing
environmental enrichment, so that every individual can remain as healthy and happy as possible.

SPECIES DIFFERENCES
Zoos house many different species of cats, including tigers (Panthera tigris), lions
(Panthera leo), as well as many species of leopards. Even within these species, which are all
large cats and therefore similar in both physiology and behavior, there is much diversity in the
type of enrichment used. One study focused on female tigers and margays (Leopardus wiedii)
that were displaying stereotypic behaviors, most noticeably after being moved to a new enclosure
(Moreira, Brown, Moraes, Swanson, & Monteiro-Filho, 2007). The researchers hypothesized that
a more enriched environment would reduce stress to the point that the females would resume
normal reproductive cyclicity. Therefore, in an effort to reduce stress associated with the novelty
of the new environment, their enclosures were enriched with foliage and nest boxes. Despite the
identical enrichment procedures, the tigers experienced a sharp decline in stereotypy, while the
margays continued to show stereotypic behavior and increase stress hormone levels. Moreira et
al. (2007) also assert that the cats’ behavioral and hormonal reactions vary by individual, based
on their personality and coping mechanisms. Though the study does not discuss why the tigers
responded while the margays did not, it highlights the fact that both different species and
different individuals respond to enrichment in diverse ways, even if that enrichment is put in
place to fulfill the same goal.
In the previous example, the zoo attempted to restore reproductive functionality in its
female cats, yet in many studies, zoos are addressing the destructive behaviors associated with
stereotypy. One study observed 15 different species of felids, where the environment complexity
and method of care varied. The amount of time spent in each behavioral state (e.g. walking or
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pacing) varied dramatically between and even among the same species (Mellen, Hayes, &
Shepherdson, 1998). Because of this high level of variation between individuals, keeper surveys
such as those used in a study on clouded leopards (Neofelis nebulosa) can allow zoos to evaluate
the individual temperaments of captive cats, and provide enrichment accordingly (Fazio, 2009).

STRESS IN CAPTIVITY AND IN THE WILD
Captivity shields animals from stress associated with exposure, starvation, and predation;
however, there are many other stressors present in captive environments that they would not
experience in their natural habitat. This is most prominently seen when individuals are suddenly
moved into a new enclosure (Moreira et al., 2007), or introduced to conspecifics (Carlstead,
1998; Fazio, 2009; DeCaluwe, 2012). In order reduce the impact of these stressors on captive
felids’ behavior, physiology, and welfare, different methods of enrichment can be used.
According to studies done on captive felids, the most effective methods of enrichment for cats
include providing “hunting” opportunities, introducing novel objects and scents, and increasing
enclosure complexity (Mellen, Hayes, & Shepherdson, 1998). All three of these methods
encourage behavior that would be seen in the wild, such as hunting for prey, investigating new
stimuli, and hiding from potential threats. The need for these types of enrichment can be
determined in part by the amount of stress the animal is experiencing.
Determining the stress level of a captive animal can be done through both hormonal and
behavioral analysis. Evaluating fecal hormone concentrations allows non-invasive endocrine
level analysis. According to DeCaluwe (2012), behavioral trials such as Mirror Image Simulation
(MIS) and unfamiliar person compare well to hormonal evaluation, making these behavioral
trials another option for determining an individual’s level of stress. By determining each
individual’s stress level, keepers can create an enrichment plan to lower stress and increase
welfare in their captive animals.

CONCLUSION
Because zoos have many purposes, it is crucial that keepers and administrators use
enrichment to maintain animal welfare while catering to the public eye. However, this is made
difficult by the varied behavioral responses between species and even between individuals.
Keeper surveys, hormone level tests, and behavioral trials can therefore be used to evaluate the
stress levels and temperaments of the animals. This evaluation can then be used to determine
which individuals need enrichment, as well as what kind of enrichment is needed to reach
predetermined goals. Ultimately, enrichment must be tailored to each individual to meet the
needs of the animal, the zoo, and the public.

REFERENCES
Carlstead, K. (1998). Determining the Causes of Clark, F. E., & Melfi, V. A. (2011). Environmental
Stereotypic Behaviors in Zoo Carnivores. In D. J.
enrichment for a mixed-species nocturnal mammal
Shepherdson, J. D. Mellen, & M. Hutchins, Second
exhibit. Zoo Biology, 29, 1-17. doi:10.1002/zoo.20380
Nature: Environmental Enrichment for Captive DeCaluwe, H.B. 2012. Characterization and control of
Animals (pp. 172-183). Washington: Smithsonian
aggression and reproduction in the male clouded
Institution Press.
leopard (Neofelis nebulosa). Ph.D. Thesis, University
of Maryland. http://drum.lib.umd.edu/bitstream/1903/
12792/1/DeCaluwe_umd_0117E_13200.pdf.

23

Fazio, J.M. 2009. Behavioral assessment of the clouded
Nature: Environmental Enrichment for Captive
leopard (Neofelis nebulosa): A comparative analysis of
Animals. Washington: Smithsonian Institution Press.
reproductive success. MS Thesis, George Mason Moreira, N., Brown, J., Moraes, W., Swanson, W., &
University.
Monteiro-Filho, E. (2007). Effect of houseing and
http://digilib.gmu.edu:8080/jspui/bitstream/1920/5801
environmental enrichment on adrenocortical activity,
/3/Fazio-thesisFINAL.pdf.txt
behavior and reproductive cyclicity in the female
Hutchins, M., Smith, B., Allard, R., Maple, T., Laule, G.,
tigrina (Leopardus tigrinus) and margay (Leopardus
Wielebnowski, N., Lewandowski, A. (2003, October
wiedii).
Zoo
Biology,
26,
441-460.
1). Animal welfare forum: the welfare of zoo animals.
doi:10.1002/zoo.20139
JAVMA, 223(7), 957-983.
Norton, B. G., Hutchins, M., Stevens, E. F., & Maple, T.
Mellen, J. D., Hayes, M. P., & Shepherdson, D. J.
L. (1995). Ethics on the Ark: Zoos, Animal Welfare,
(1998). Captive Environments for Small Felids. In D.
and Wildlife Conservation. Washington: Smithsonian
J. Shepherdson, J. D. Mellen, & M. Hutchins, Second
Institution Press.
Nature: Environmental Enrichment for Captive Shepherdson, D. J. (1998). Tracing the Path of
Animals (pp. 184-201). Washington: Smithsonian
Environmental Enrichment in Zoos. In D. J.
Institute Press.
Shepherdson, J. D. Mellen, & M. Hutchins, Second
Mench, J. A. (1998). Evironmental Enrichment and the
Nature: Environmental Enrichment for Captive
Importance of Exploratory Behavior. In D. J.
Animals (pp. 1-12). Washington: Smithsonian
Shepherdson, J. D. Mellen, & M. Hutchins, Second
Institution Press.

24

