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The Effects of Physical Characteristics of
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The behavior ofcaptive felids is influenced by enclosure design and management
regime. The behavior of nine felid species housed in I I enclosures was recorded
using instantaneous scan sampling. Stereotypic pacing was observed in l5 out of
19 individuals. Size of enclosure did not affect pacing behavior, but edges of
enclosures were found to be used specifically for pacing behavior. Cats in rela-
tively larger enclosures had a higher level of apparent movement, but only about
5OVo of enclosure space was used. Raised areas such as tree branches were found
to be preferred sites in enclosures, particularly for observation of surroundings.
The feeding regime was found to affect stereotypic pacing levels. Cats fed on a 3
day cycle paced more on fast days than on days they were fed. Although not
statistically significant, 6 out of 7 of these cats paced more in the hour after
feeding, whereas the cats fed daily paced more in the hour before feeding. Further
research is required to understand the relationship between feeding and stereotypic
behavior. Zoo Biol 16:71-83, 1997. @ 1997 wiley-Liss, Inc.
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INTRODUCTION

Keeping animals in restricted environments affects their normal behavior pat-

terns through the absence of appropriate eliciting stimuli or functional consequences
(Markowitz, 1982; Wilson, 1982). Abnormal behavior patterns not seen in the wild
are well documented (Meyer-Holzapfel, 1968; Shepherdson, 1989) and suggest that
modern enclosures are still inadequate, even when compared to the barren and sterile
cages of the past (Hancocks, 1980).

Abnormal activity patterns seen in captive animals may include self mutilation,
copraphagy, lethargy, and stereotypies (Meyer-Holzapfel, 1968; Poole, 1987; Shep-

Received 29 March 1995; revision accepted 23 August 1996.

*Correspondence to J. Lyons c/o Rob Young, Scottish National Zoological Park, Munayfield, Edinburgh
EHl2 6T5, United Kingdom.

o 1997 Wiley-Liss, lnc.

-..-ff
..rd

i.-.atd
.!{

.-..d



72 Lyons et al.

herdson, 1989). Stereotypies are rigidly repeated behavior patterns with no apparent
function orgoal (Mason, l99l;Odberg, 1978). They may involve parts of the body
such as head weaving in stabled horses Equus caballus (Kiley-Worthington, 1983) or
the whole body, such as the pacing common in carnivores in captivity (Carlstead and

Siedensticker, l99l; Shepherdson et al., 1993). The mechanisms involved in the

development and maintenance of stereotypies are varied (reviewed by Mason and

Turner, 1993). For captive animals they are thought to be a response to being housed

in a suboptimal or stressful environment where they are unable to influence their
surroundings (Carlstead, in press).

Aspects of enclosure design such as size and complexity influence the perfor-
mance of stereotypic behavior (Draper 1963; Odberg, 1987). In this study, we de-
termined how much of enclosure space was used, and the relationship between pacing

and cage size. The potential importance of edge areas of enclosures was also examined.
The edges of a captive environment constitute an enforced territorial boundary. It is
also the source of several forms of stimulation. These may include a view of the

surroundings and the public, as well as the approach of keeping staff for feeding and

cleaning purposes. It was predicted that edges of enclosures may be used proportionally
more than non edge areas, and that they were used specifically for pacing activity.

An important facet of the captive environment is its feeding regimr:. Animals
that are fed restricted amounts of food have been documented to perform a wide range

of stereotypies. Examples include sows (Sus scrofa) chewing at bars and chains
(Lawrence and Terlouw, 1993) and the excessive preening, drinking, and pecking at

non food objects by broiler hens Gallus g. domesticus (Savory et al., 1992). The
association between feeding and stereotypies arises from the powerful motivation for
animals to seek out and consume food. Hughes and Duncan (1988) discuss etholog-
ical "needs", where an animal finds the process of performing appetitil'e (foraging)
behavior to be rewarding, as well as the actual consumptioir of food. Carnivores
devote a large amount of time and energy to hunting behavior in the wild (Shepherd-

son et al., 1993), and under atypical circumstances, may also hunt beyond require-
ments (Kruuk, 1972). In captivity, there is little opportunity to express hunting
behavior, while the strong motivation remains (Shepherdson et al., 1993).

Stereotypic pacing in captive carnivores is thought to be a result of this high
level of motivation to express appetitive behavior, particularly in the pre-feeding
period (Mason, l99l). Law et al. (1990) described a reduction in stereotypic pacing

in polar bears, Ursas maritimus , when they were fed early in the day instead of in the
evening. Shepherdson et al. (1993) found reduced pacing in small felids when hidden
food was provided at varied times. This technique helps to satisfy the need to express

foraging behavior as well as more general information gathering, by prompting ex-
ploration.

In this study, two feeding regimes currently used at Edinburgh Zoo were ex-
amined to compare any visible effects upon pacing behavior in captive felids. It was

predicted that a 3-day feeding regime which incorporated fast days would result in
higher levels of pre-feeding stereotypic pacing.

METHODS

Nine species of felids in I I enclosures were studied at the Scottish National
Zoological Park (EdinburghZoo) in Edinburgh, United Kingdom (Table 1). Individ-
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Captive Felid Behavior

TABLE l. Felids at Edinburgh Zoo observed in this study

Common name Scientific name

73

Sex Age (yrs)

m"
r
m"
f(a)"
f(b)"
mu

f(a)"
f(b)"
mu

f(a)'
f(b)'

aAll felids were captive born. m : male, f : female. a and b identify different
individuals.
* : hand reared.

uals of the same species were housed together with the following exceptions: 2
jaguars, female snow leopard (b), and the cheetahs. The separation of the cheetahs
into adjacent parts of their enclosure for part of the observation period allowed
comparison of behavior under the two different conditions. Observations were made
during February and March, 1994.

The felids were fed under two established feeding regimes. one group was fed
every day: the cheetahs were fed every morning and evening, the jungle cat every
morning, and the lions and lynx every evening. This routine was constant, but
occasionally the cheetahs were fed only once a day, and the lynx were periodically
not fed for a day. The other group (tigers, jaguars, leopards, and snow leopards) were
normally fed every third day, generally in the morning. This practice was intended by
the zoo, to mimic wild feeding habits for the large cats which may eat large amounts
at a single meal. The meals varied in type and preparation, depending on availability.
Meat "on the bone", chicks, and chicken carcasses were provided regularly. Surplus
food, and occasional batches of eggs were sometimes used for supplementary feeds.
with the exception of the lynx, jungle cat, and the cheetahs, cats were locked up
while food was scattered in varying locations within the enclosures.

Activity and location were recorded using instantaneous scan sampling (Martin
and Bateson, 1986). Data were recorded during four l-hr sessions each day. The
enclosures were visited on a fixed route with each enclosure sampled approximately
every l5 min; the results obtained in each sample are considered independent. The
observation sessions began at 07:45, 10:30, 14:30, and l6:30. These times were
chosen to sample behavior throughout the day, and were designed to record pre/post
feeding behavior for morning and/or evening meals. Five hundred and sixty scans
were made on each enclosure.

Cheetah
Cheetah
Jaguar
Jaguar
Jungle cat
Leopard
Lion
Lion
Persian leopard
Persian leopard
Siberian lynx
Siberian lynx
Siberian lynx
Siberian tiger
Siberian tiger
Siberian tiger
Snow leopard
Snow leopard
Snow leopard

Acinonyx jubatus
Acinonyx jubatus
Panthera onca
Panthera onca
Felis chaus
Panthera pardus
Panthera leo
Panthera leo
Panthera pardus saxicolor
Panthera pardus saxicolor
Felis lynx wrangell
Felis lynx wrangell
Felis lynx wrangell
Panthera tigris ahaica
Panthera tigris altaica
Panthera tigris altaica
Panthera unica
Panthera unica
Panthera unica

6
4
4

l9
ll
l5
7

l5
8

7

6
6
2

ll
6

2

3

3

ll

m'
r
mu

fl
r
mx
mo

f"
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For every scan the location of each animal was recorded on a map of the
enclosure divided into 2 x 2m grid subdivisions, except for the enclosure edges where
the grid subdivisions were 2 x lm and followed the contours of the enclosure walls.
Symbols indicated the identity of each individual, and whether the felid was on the
ground or in an elevated location, such as a ledge or the branch of a tree.

Behavior was recorded in one of 14 different categories, but later condensed
into the following 6 categories: l) Locomoting: generalized movement within the
enclosure such as walking or climbing. 2) Stereoepic pacing: repetitive, apparently
functionless movement, usually on a fixed route within the enclosure (after Odberg,
1978). 3) Observing: looking at an object, person, or location. 4) Resting: either in
a prone or upright posture with the eyes closed. 5) Other: a category which included
many impo(ant behavior patterns rarely seen during scan sampling, such as grooming
and social interactions. 6) Not visible: either due to crypsis within the enclosure or by
moving into the holding cages, most of which are out of the public's view.

The apparent movement of each individual was recorded by noting how far to
the nearest meter that individual had moved since the previous scan sample in the
same l-hr recording session. Apparent movement was not recorded in the first scan
of each observation session, or if the animal had been previously out of sight. Other
data recorded during each scan included notes on general weather conditions. Addi-
tional information on feeding days/times of the subject animals was provided weekly
by the carnivore keepers.

The quality of view of the horizon from enclosures was assessed by photo-
graphing the horizon from the rear ledge of each enclosure. The rating given to the
view was dependent on how much of the horizon was obscured (for example, by
trees, walls or other enclosures). A rating of 'l' was a poor view (80-100% of view
obscured) and '5' was a good view (0-20vo of view obscured). The high variability
in local weather condition meant that there were changes in the visibility of the
horizon from the enclosures. These changes in visibility were recorded as: fair ho-
izon : clear day, horizon in view; moderate; or poor : low cloud, horizon ob-
scured. Each enclosure was rated for access to elevated locations based upon the
availability of structures and formations which could be used by the cats. These
included platforms, tree trunks, branches, and ledges.

Analysis

A Spread of Participation Index (SPI) was calculated for each animal, to give a
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measure of space utilization (Traylor-Holzer and Fritz, 1985; Shepherdson et al., <
1993). The formula for SPI is:

SPI : [M(no - n") * (Fu - Fu)] / 2(N - M)

where N = total number of observations of the subject; M : mean frequency of
observations in all of the enclosure grid subdivisions (N divided by number of grid
subdivisions in enclosure); nu : number of grid subdivisions with frequencies greater :--
than M; no : number of grid subdivisions with frequencies less than M; Fu : total .*
number of observations in grid subdivisions with frequencies greater than M; Fo : :
total number of observations in grid subdivisions with frequencies less than M. The .*
calculated value of SPI varies between 0 and l; 0 indicates uit g.ia subdivisions within :
the enclosure were used equally, and I indicates that the subJect animal spent all of :
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Fig. l. Percentage deviation from mean stereotypic pacing level.

the observed time in one grid subdivision. Shepherdson et al. (1993) used the SPI to
test the same animal under different conditions of live food presentation. In this study
the SPI index was used to compare enclosure utilization for a range of species.

RESULTS

Pacing

Stereotypic pacing was recorded at various levels in l5 out of 19 cats (79Vo) , the
levels varying between l%o and32Vo of scans. Using the figures foreach individual,
the cats were categorized according to their deviation from the mean (1Vo). The
results, showing positive and negative deviations from the mean, are displayed in Fig.
l, and show three broad categories. Average and near average pacers (snow leopards,
male cheetah, male jaguar, male leopard, and male persian leopard); above average
pacers (female jaguar, male persian leopard, and male lion); and those that paced

well below the average (lynx, female cheetah, and jungle cat). Tigers did not pace at
all.

Pacing and Enclosure Size

The percentage of time each animal spent pacing was compared to the total
enclosure area in m2 lTable 2). The data suggested that animals in smaller enclosures
paced more, but this was not statistically significant. The values for pacing in the
cheetahs (lVo male,3Vo female) were not included in the calculation, as the animals
were separated and then reunited during the course of observations. Almost all their
observed bouts of pacing took place while they were kept separate. During the initial
observation period the cheetahs were never observed to pace, but when the enclosure
was divided they frequently paced on opposite sides of the fence at the same time.
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TABLE 2. Values for scans spent on edge of enclosure, amount of edge
area in enclosure, scans spent pacing, index of enclosure utilisation, and
total size of enclosures

Ta on Vo edge 7o spent Vo on edge Total
Species edge area pacing Vo edge area area (m2)

Jaguar P
Jaguar mo

Jungle cat P
l,eopard mu

Lion F
Lion m"
Persian lep P
Persian lep mu

Snow leopard f(a)"
Snow leopard f(b)'
Snow leopard mo

Siberian lynx f (a)"

Siberian lynx f (b)'
Siberian lynx mu

Siberian tiger f(a)"
Siberian tiger f(b)'
Siberian tiger m"

9
31

t4
45
25
M
t7
44
l9
l9
48
l0
l8
t6
18

23

38

30
3l
40
35

35

36
36
29

32

29
3l
37
37
21

2t
2t

2

t2
8

8

0
32

8

l6
'7

7

7

5

5

2

0
0
0

148

148

90
94

136

136

l16
l16
t'l0
152
t70
108

t08
108

318
318
3r8

1.03

0.45
0.24
r.13
0.71
1.26
0.47
L22
0.66
0.59
1.66
0.2'1
0.49
0.43
0.86
l.r4
l.l0
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um : male,
bf = female,

"a and b identify different individuals.

When they were reunited after approximately two weeks the male was never observed
pacing and the female was observed to pace only four times.

Edge Utilization

Analysis of the percentage of scans that the felids spent on the periphery of their
enclosures and the percentage of total area that was edge area (Table 2) showed no
significant correlation (r : 0.05, P > 0.05). An index of edge utilisation was
calculated by dividing the percentage of scans spent in edge areas by the percentage
of total edge area (Table 2). Values (l indicate that edge areas were used propor-
tionately less than central areas, values )l indicate that the felids were using the edge
areas proportionately more than central areas. The index values were varied and no
particular trends were apparent. Six animals spent proportionately more time on the
edges, with only the male snow leopard doing so to any great extent. Only the female
jaguar used the edges in direct proportion to the amount of edge area in the enclosure.
The remaining animals apparently used the edges less than core areas of the enclo-
sures. These figures were also correlated to the observed levels of pacing, but were
not statistically significant.

There was a significant correlation (r : 0.57, P < 0.01) between the percent-
age of scans spent on the edges of enclosures and the percentage of scans spent pacing
(Fig. 2), indicating that edges of enclosures are specifically used for pacing. The
percentage of sampled time the cheetahs spent on the edge of their enclosures was
compared under two conditions, while they were housed together and while they were
housed in adjacent, smaller enclosures. While housed together the values for male
and female cheetahs were 3O%o and 3lVo, respectively. The values when housed
separately were 29Vo and 3OVo.
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% OF TOTAL SCANS SPEM ON THE EDGE

Fig.2. The relationship between pacing and edge utilization.

Movement and Enclosure Utilization

To assess the movement of the felids within their enclosures, apparent move-

ment was recorded between subsequent scans and the mean apparent movement
calculated for each individual. It was predicted that cats in relatively larger enclosures
would show higher levels of average apparent movement. To control for body size,
the total enclosure area was divided by total body length (data from Kitchener, l99l).
The resulting correlation between relative enclosure size and average apparent move-
ment was found to be significant (r : 0.79, P < 0.01). Fig. 3 graphically presents

this relationship. The point which represents the male cheetah appears to be an outlier
(top right of figure), however, if the value is omitted the correlation between the

variables remains significant (r : 0.47, P < 0.01).
The results for the Spread of Participation Index (SPI) are plotted in ascending

order in Fig. 4, and suggest three different categories of felid. The results are those

with indices lower than 0.5, which are apparently using the greater part of their
enclosures; those with indices around 0.5, which are only using half of the space

available to them; and those which have indices above 0.5, and utilize only a small
area of their enclosure. There are no values for the cheetah owing to manipulation of
enclosure size.

View Quality

The felid enclosures at Edinburgh Zoo provide varying degrees of opportunity
for the animals to climb and to rest above ground level. In all enclosures where
elevated locations were provided, they were used predominantly for resting and

observation. There was a statistically significant correlation between access to ele-
vated locations and time spent in elevated locations (Spearman rank correlation co-
efficient r": 0.47, P < 0.05, two tailed, N : l9).

The quality of view for each enclosure was ranked and then correlated with
sampled time spent off the ground (Table 3). This was found to be statistically
significant (Spearman rank correlation coefficient rs : 0.673, P < 0.01, two tailed,
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Fig. 3. The relationship between relative enclosure size and average apparent movement between scans.
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Fig. 4. Values for the Spread of Participation Index (SPI) Analysis.

N - 19) suggesting that the enclosures that had better horizons influenced the
behavior of felids by prompting them to use the elevated vantage points more often.

The felids were also observed to use other features of their enclosures to max-
imize view quality. In the case of the lynx, jaguars, leopards, and snow leopards, this
involved moving to the back of the enclosure where they were seen to spend long
periods of time observing their surroundings. Their enclosures were built into a steep
slope from the rear of which the horizon could be seen as clearly as from the various
elevated vantage points. This may explain the particularly low levels of observed time
spent in elevated locations recorded for the snow leopards.

Climatic Conditions

Weather conditions were highly variable during observations, and the effects of
climatic conditions on enclosure utilization could not be analyzed. However, a Fried-
man analysis was conducted to see if changes in the visibility of the horizon from
enclosures had any effect upon the time the animals spent observing while off the
ground. This was found to be not significant.

The Effects of Feeding Regime

For the species normally fed every three days, Fig. 5 displays the different
Ievels of pacing on feeding and non-feeding days. In every case for animals that
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TABLE 3. Percent of scans sent off the ground, access to off ground locations
and view quality

7o Scans spent in Rank of access to Rank of view
elevated locations elevated locations quality

7g
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Species

Lion mo

Lion fb
Cheetah mo

Cheetah 15

Siberian tiger mu

Siberian tiger f(a)'
Siberian tiger f(b)"
Jungle cat P
Siberian lynx mu

Siberian lynx f(a)'
Siberian lynx f(b)"
Jaguar mu

Jaguar F
Leopard m^
Persian leopard mu

Persian leopard F
Siberian leopard mu

Siberian leopard f(a)"
Siberian leopard f(b)"

0
0
4
I

l1
6

4
6
9

t7
22
28
'l
6

22
35

9
2

2

I
I

2

2

3

J

3

4
4
4
4
5

5

5

5

5

5

5

5

3

3

4

4

2

2

2

I

4
4
4

5

5

5

5

5

5

5

5

Ranks assessed under conditions outlined in Method. Species listed in ascending order
of access to off ground locations.
am = male,
bf = female,
'a and b identify different individuals.

paced, pacing levels were higher on non feeding days than on feeding days, a result
which was highly significant (Wilcoxon Matched Pairs Test, N : 8, Z : 2.52, P <
0.002).

Pre- and post-feed pacing levels were analyzed for cats on both feeding regimes.
Pre-feed pacing was classified as pacing observed in the recording hour prior to food
being placed into the enclosure; post-feeding pacing was recorded in the session after
the animals had eaten. For the cats fed daily the pacing levels are shown in Fig. 6.
Six out of the 7 cats that paced, paced more in the hour before they were fed than in
the hour after, (not significant, Wilcoxon Matched Pairs Test P > 0.05, non-pacers
excluded). The 3-day feeders showed considerable variation (Fig. 6). The female
Persian leopard and both of the female snow leopards did not pace at all in the time
preceding feeding, and showed high levels of pacing after they had been fed. The
median levels of pacing were compared, using the wilcoxon test, but were not
significantatP<0.05.

DISCUSSION

The measurement of stereotypies has been suggested as an indicator of reduced
welfare (Broom, 1983; wiepkema, 1983), but some authors consider that this con-
clusion is not always justified (Carlstead, in press). Mason (1991) suggests that as
stereotypies become established they may decrease the sensitivity with which they
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Fig. 5. Pacing in species normally fed every three days: the effect of feeding and non-feeding days.
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Fig. 6. Pre- and post-feed pacing in cats fed daily and cats fed every three days.

reflect states of reduced welfare. Thus, the subject remains a contentious one, par-
ticularly as there is no agreed definition of "welfare". If pacing is accepted as an

indicator of reduced welfare, then it is possible to divide animals into categories. By
displaying pacing as a deviation from the mean level of 7Vo, different categories were
defined (Fig. 2). If the welfare of the non-pacers and below average pacers was
compromised, it was probably not so critical. The male cheetah and snow leopards
were average pacers, and along with the male jaguar, female Persian leopard, and
leopard may have found their environments lacking, but to a lesser degree than those
that paced much more than average. The latter were the female jaguar, male Persian
leopard, and male lion. Expressing the results in this way highlights individuals
which may benefit the most from revised management and environmental enrichment
techniques.

Enclosure size can influence abnormal behavior patterns (Draper et al., 1963),
but the total size of enclosures was not found to be a major factor in pacing activity.
The complexity of the environment is more likely to be important in affecting be-
havior (Mellen, l99l; Wilson, 1982). The separation of animals from conspecifics
has been implicated in the occurrence of abnormal behavior (Mason and Turner,
1993). In this study, separation of the two cheetahs stimulated bouts of simultaneous
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pacing along the dividing barrier for the duration of their separation. The presence of
conspecifics in an adjacent enclosure was also potentially stressful to female snow
leopard (b). She was seen to pace at the separating door or at the top of the dividing
wall between the snow leopard enclosures where she could see into the adjoining
enclosure. If conspecifics are to be separated, then keeping them out of sight of, or
communication with each other may reduce stress.

The presence of conspecifics can be included in the list of stimuli which orig-
inate at the edges of enclosures. It was predicted that as a result of these stimuli, the
edges of enclosures were used proportionally more than central areas. This was not
found to be true, but edges were used specifically for pacing activity.

Felids can be notoriously inactive exhibit animals (Shepherdson et al., 1993)
and there is an emphasis on quality of enclosure in order to stimulate natural behavior
patterns. But it is still important to determine how total size of enclosures relates to
the activity of confined animals. We found that cats in relatively larger enclosures had
higher levels of average movement. The Spread of Participation Index (SPI) demon-
strated a trend for cats to use only 50Vo of their enclosures, with the lions, the female
lynx, and the female jaguar using significantly less. The cats which used more than
50Vo of theirenclosures-the female Persian leopard, female tiger (b), and the male
snow leopard-were also recorded as having comparatively high levels of ayerage
movement. Thus, the cats in relatively larger enclosures made better use of them and
were more active.

Elevated locations were used where available, and more raised locations gen-
erally meant more time spent off the substrate, particularly if there was a good view
of the horizon. This demonstrates that the inclusion of elevated locations in cat
enclosures can act as a simple method of environmental enrichment, allowing cats to
rest, view their surroundings, and watch potential prey. This can have positive effects
upon their behavior. Tigers (Panthera tigris) at Glasgow zoo showed an increase in
stalking behavior when they were provided with a viewing platform from which they
could watch activity in a local horse riding school (Law, pers. comm.).

The feeding method had significant effects upon pacing behavior. The 3-day
regime resulted in more pacing on days when food was not provided (fast days) than
on feeding days. If the established 3-day feeding regime was intended to reduce
abnormal behavior by simulating wild feeding habits, then it was not successful. The
level of pacing in these animals may be lower if they are fed daily. Mellen (1991)
tbund that fast days were inappropriate for smaller cats and the evidence here suggests
that the practice of feeding larger cats every third day needs reviewing.

The analysis for pre- and post-feeding stereotypic pacing yielded variable and
somewhat contradictory results for the animals on the two feeding regimes. Some
3-day feeders paced much more after feeding, but 6 out of 7 daily feeders paced more
before feeding. It can be argued that the daily feeders were on a more predictable
regime, and the pre-feed pacing was in anticipation of the arrival of the meal (Staddcn
et al., l97l; Anderson et al., 1977; Mason, 1994), or frustration of appetitive be-
havior (Lawrence and Terlouw, 1993). The post-feed pacing in some 3-day feeders
does not fit this prediction. It may be that the pacing here is due to other eliciting
factors, such as the frustration of consumatory behavior by the meal being completed
too quickly (Savory etal.,1992). This study has demonstrated that there are limita-
tions to current feeding practices and that the relationship between pre- and posGfeed
pacing and the factors determining these need to be examined more precisely.
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CONCLUSIONS

l. Size of enclosure did not affect stereotypic pacing.
2. Edges of enclosures were specifically used for pacing activity.
3. Cats housed in relatively larger enclosures showed higher average move-

ment.
4. Results from the Spread of Participation Index (SPI) suggested that the cats

made use of about half of their enclosures.
5. Cats utilized aspects of enclosures such as elevated platforms to view their

surroundings.
6. Cats fed every third day paced

feeding days.
7. Some cats fed every third day

feeders paced more before feeding.
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