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Abstract
Captive animals exhibit stereotypic pacing in response to multiple causes, including the inability to escape from human 
contact. Environmental enrichment techniques can minimize pacing expression. By using an individual-based approach, 
we addressed whether the amount of time two males and a female jaguar (Panthera onca) devote to pacing varied 
with the number of visitors and tested the effectiveness of cinnamon and black pepper in reducing pacing. The amount 
of time that all jaguars engaged in pacing increased significantly with the number of visitors. Despite the difference 
between the males regarding age and housing conditions, both devoted significantly less time to pacing following the 
addition of both spices, which indicates their suitability as enrichment techniques. Mean time devoted to pacing among 
the treatments did not differ for the female. Our findings pointed out to the validity of individual-based approaches, as 
they can reveal how suitable olfactory stimuli are to minimizing stereotypies irrespective of particular traits.
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O efeito do número de visitantes e do provisionamento de especiaria na 
expressão do pacing por onças-pintadas avaliado por estudo de caso

Resumo
Animais cativos exibem a estereotipia pacing em resposta a múltiplos fatores, os quais incluem a incapacidade de 
escapar da exposição ao público. As técnicas de enriquecimento ambiental podem minimizar a expressão do pacing. 
Usando uma abordagem individual, nós investigamos se a extensão de tempo que dois machos e uma fêmea de 
onça‑pintada (Panthera onca) dispendem com pacing variou em função do número de visitantes e testamos a eficácia 
da canela e da pimenta-do-reino na redução do pacing. A extensão de tempo em pacing aumentou significativamente 
com o número de visitantes para todos os indivíduos. Apesar da diferença entre os machos com relação à idade e às 
condições no cativeiro, ambos devotaram ao pacing menos tempo após a administração das duas especiarias, o que indica 
a adequabilidade dessas como técnicas de enriquecimento. Para a fêmea, o tempo médio dispendido com pacing não 
variou entre os tratamentos. Nossos resultados respaldam a validade da realização de abordagens individuais, uma vez 
que essas podem revelar o grau de eficácia dos estímulos olfativos na minimização de estereotipias independentemente 
de características particulares.

Palavras-chave: comportamento, onça-pintada, pacing, Panthera onca, exposição pública, especiaria no enriquecimento.

1. Introduction

The captive environment differs from the wild with 
respect to what animals experience. For instance, unlike 
wild animals, those housed in zoos are subjected to contact 
with unfamiliar humans. Public exposure can be one of 
the determining factors in the expression of stereotypic 

pacing (e.g., Carlstead, 1996; Davey, 2007; Mason et al., 
2007; Morgan and Tromborg, 2007), the repetitive and 
apparently functionless locomotor behavior displayed 
by captive animals (Mason et al., 2007). Davey (2007) 
suggested that compared to small animals, large animals 
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such as big cats are less prone to the negative effects of 
visitors. Therefore, one might expect varying results, as 
it seems to be the case. Increased pacing rates have been 
associated with the presence of large crowds in the vicinity 
of the enclosures for Indian leopards, Panthera pardus 
(Pocock, 1927) (Mallapur and Chellam, 2002). In contrast, 
Sellinger and Ha (2005) and Quirke et al. (2012) did not find 
positive associations for jaguars, Panthera onca (Linnaeus, 
1758) and cheetahs, Acinonyx jubatus (Schreber, 1775), 
respectively. Overall, researchers concentrate on primates 
and a few other groups of species (Davey, 2007), but the 
effect of the visitor number on the display of pacing by 
large felids remains poorly addressed.

Increasing interest is emerging regarding the evaluation 
of currently used enrichment techniques that are alleged to 
reduce stereotypic behaviors (Swaisgood and Shepherdson, 
2005, 2006; Shyne, 2006; Wells, 2009). For example, in 
a meta-analysis encompassing 54 studies Shyne (2006) 
reported that zoo animals exhibit less often stereotypic 
behaviors after the provision of an enrichment condition. 
While there is little doubt about the effectiveness of 
environmental enrichment on reducing stereotypic and 
abnormal behavior, the remaining challenge has been to 
determine suitable enrichment models for a given species. 
Different models have been introduced to felid enclosures, 
varying from novel food items or olfactory stimuli (Mellen 
and Shepherdson, 1997; McPhee, 2006; Bashaw et al., 
2003; Wells and Egli, 2004; Skibiel et al., 2007; Quirke 
and O’Riordan, 2011; Resende et al., 2011) to objects or 
physical toys (Moreira  et  al., 2007). Until recently the 
provisioning of novel scents as enrichment alternatives for 
felids had been overlooked when compared to food items 
(Skibiel et al., 2007). However, adding odors has been 
shown to be successful in minimizing the time devoted to 
pacing (Skibiel et al., 2007; Quirke and O’Riordan, 2011; 
Resende et al., 2011).

Jaguars are the largest extant felid in the Americas 
(Nowell and Jackson, 1996) about which hardly any 
information regarding pacing is available. Sellinger and 
Ha (2005) found that jaguars increased pacing behavior 
in response to low-level noise, but not to visitor numbers. 
Three spices (cinnamon, chilli powder, and cumin) and 
four enrichment models (toy, food, sound, and scent) have 
been shown to reduce pacing in jaguars (Skibiel et al., 
2007; Castillo-Guevara et al., 2012). Unfortunately, the 
separate effect of each spice or model was not tested by the 
researchers. The number of jaguars a given zoo is able to 
shelter is normally small, which precludes researchers from 
obtaining large sample sizes. However, zoos provide the 
opportunity to carrying out individual-based approaches. 
Here, we address the following questions regarding three 
captive jaguars: 1) Does exposure to an increasing number 
of visitors lead to a rise in the display of pacing? and 
2) Does pacing expression reduce after the provisioning 
of spices? We predicted that pacing expression in jaguars 
would increase in accordance with visitor number. We also 
hypothesized that jaguars would respond positively to the 
provisioning of each spice by devoting less time to pacing.

2. Material and Methods
2.1. Subjects and housing

We tested all jaguars available at Parque Ecológico de 
São Carlos (PESC) in São Carlos, SP, Brazil: two adult 
males and one adult female. One of the males (B) was 
housed singly while the other male (T) and the female (A) 
were housed as a pair. Born at PESC, the males B and T 
were 5 and 11 years-old, respectively, at the start of the 
study. The female A was brought to the zoo after spending 
some time in an institution that shelters wild animals 
rescued from illegal trade. Therefore, her birthplace and 
age were unknown. The jaguars were 70 kg (both B and 
T) and 50 kg (A) in body size.

The area encompassed by each enclosure, one adjacent 
to the other, was 128 m2. These enclosures, separated by a 
concrete wall, were both partially covered by wooden sheds 
for shelter. A glass barrier covered the front part of each 
enclosure, allowing a full view of the inner side. The floor 
contained bare ground and grass interspersed with rocks 
and tree trunks. A few palm trees and shrubs provided 
the animals with shelter from sunlight and a hiding place 
from public view, respectively. The jaguars were fed red 
meat three days a week, and Wistar rat, Rattus norvegicus 
(Berkenhout, 1796) and chicken meat once and four times 
a month, respectively.

2.2. Experimental protocol
In the month prior to the start of the study, the jaguars 

were habituated to the presence of the observers. We collected 
behavioral data in two phases: 1) prior to the addition of 
the enrichment (baseline) from October 2006 to March 
2007 and 2) following the addition of the enrichment from 
September 2007 to May 2008. Sampling was carried out on 
Saturdays from 0900 h to 1600 h. Although we recognize 
that gathering data after the removal of the enrichment is 
important to evaluate to what extent the stimuli improved 
the animals’ behavior (Bashaw  et  al., 2003), time and 
logistical constraints prevented us from doing so. Sampling 
was always performed under on-exhibit conditions, i.e., 
when the jaguars were exposed to visitors. In both phases 
we recorded behavioral data (see below) and the total 
number of visitors in the surroundings of the enclosures 
during the timespan of each sample period.

We used a focal animal sampling method (Altmann, 
1974). The order in which the animals were sampled 
was randomized. Each focal individual was continuously 
observed during sample periods lasting two or three hours. 
We carried out 11 sample periods of 2 h and 6 periods of 
3 h per animal in both phases. We thus collected 40 h of 
focal data per individual in each phase. No individual was 
sampled twice in a single day. In each sample period, we 
recorded the animal’s identity, and with a cronometer, 
the extension of time (minutes) the animal engaged in 
pacing. Before starting data collection in phase 2, 50 mg 
of powdered cinnamon (Cinnamomum zeylanicum Blume.) 
or black pepper (Piper nigrum L.) was sprinkled over the 
tree trunks in the form of a scent trail. We selected these 
spices because they are readily purchasable and easily 
provided. One type of spice was provided on a Friday 
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afternoon and left in the enclosure until the next Friday, 
when it was added again. We finished the cinnamon 
trials and after one week-interval, during which the zoo 
personnel cleaned the cages, we started the black pepper 
trials. This protocol adheres to the guidelines for the use 
of animals in research of the International Society for 
Applied Ethology.

2.3. Data analysis
Although using each sample period gathered for 

the same animal as a replication might be regarded as a 
pseudoreplication, we believe that the seven days that elapsed 
between two consecutive sampling periods lend a minimal 
level of independence to the observations. We used linear 
regression to test whether the log10-transformed number of 
visitors determined the time jaguars devoted to pacing. Data 
were transformed to minimize the discrepancy between 
very dissimilar values. The test of the effectiveness of 
olfactory enrichment involved a one-way analysis of variance 
(ANOVA) for each animal. We compared the mean time 
devoted to pacing by the same jaguar in the baseline and 
after the provisioning of each spice separately. Raw data 
were tested for homogeneity of variance using Bartlett’s 
test (Zar, 1999) and transformed to their square root when 
necessary. When variance heterogeneity persisted, we tested 

the nontransformed data using the Kruskal-Wallis test. 
The difference between the effects of adding cinnamon or 
black pepper was tested by Tukey test when the previous 
test had been ANOVA or Newman-Keuls test when the 
previous test had been Kruskal-Wallis. The confidence 
level was set at 95% (α = 0.05) for all tests.

3. Results

The number of visitors in the vicinity of the enclosures 
in phase 1 varied from 0-177, 0-231, and 0-131 during the 
sampling periods of B, T and A, respectively. The amount of 
time that all jaguars engaged in pacing increased significantly 
with the number of visitors (R2 = 0.444; n = 17; P = 0.003 for 
B; R2 = 0.605; n = 17; P = 0.000 for T and R2 = 0.724; n = 17; 
P = 0.000 for A; Figure 1). B, T and A devoted respectively 
42.47 ± 21.94 min (mean ± sd), 41.58 ± 31.81 min and 
1.94 ± 3.38 min to pacing in the baseline. In phase 2 the 
number of visitors near the enclosures of B, T and A varied 
from 0-164, 2-197 and 0-182, respectively. Following the 
provisioning of the scents, pacing display by B (F = 16.87; 
df = 2; P = 0.00) and T (Kruskall-Wallis comparison KW 
= 10.54; P = 0.005) decreased significantly (Figure 2), a 
fall corresponding to around 73% and 89% in B and T, 
respectively. Cinnamon and black pepper showed similar 

Figure 1. Total time spent in the expression of pacing by three jaguars as a function of the log10-transformed number of 
visitors. Regression slopes: 75.11 (Male B), 0.91 (Male T), and 0.18 (Female A).

Figure 2. Mean (±SD) time devoted to pacing by three jaguars in the baseline phase and after providing cinnamon and black 
pepper. Mean time devoted to pacing differing significantly from each other is indicated with a different letter symbol.
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effects on pacing expression by B (Tukey comparison 
MS = 2.22; df = 26; P = 0.273) and T (Newmann-Keuls 
comparison MS = 632.060; P = 0.608). In contrast, the 
difference in time devoted to pacing by A between the two 
phases was not significant (F = 1.88; df = 2; P = 0.172).

4. Discussion

The amount of time that jaguars dedicated to pacing 
was highly related to the number of visitors around their 
cages. This is in contrast to Sellinger and Ha’s (2005) 
finding of a lack of association between visitor density 
and the frequency of pacing by an adult pair of jaguars. 
However, low-level noise (quiet talking) led to an increase 
of pacing behavior by the female (Sellinger and Ha, 
2005). Despite the paucity of data, our results combined 
with those of Sellinger and Ha (2005), which also used 
an individual-based approach, suggest that the effect 
of public exposure on jaguars’ stereotypic pacing may 
operate on an individual-basis, being ultimately determined 
by the sensitivity of the enclosure’s occupant to one or 
more environmental stimuli. Although this argument 
may seem speculative, taking it as truth, one could ask 
why all the jaguars at PESC are sensitive to the increase 
in visitor numbers. Perhaps the shrubs planted inside 
both enclosures, which supposedly provide jaguars with 
hiding places, are ineffective. Alternatively, the reduced 
size of the enclosure could be operating in consort with 
public exposure, thereby enhancing pacing expression. 
Although some of the current available data lack statistical 
treatment, evidences suggest that confinement in enclosures 
leading to restricted movement may be harmful for felids 
(Bashaw et al., 2007; Moreira et al., 2007; Szokalski et al., 
2012). For example, tigers housed in small enclosures 
paced more frequently than those in larger enclosures 
(Bashaw et al., 2007). The smallest enclosure (149 m2) 
in the investigation by Bashaw et al. (2007) is slightly 
larger than those in our study site (128 m2). On the other 
hand, the enclosure of the jaguar pair in Sellinger and 
Ha’s (2005) study is smaller (88 m2) than ours, but these 
authors did not detect an effect of visitor number on 
pacing expression. We cannot disregard that the reduced 
“territory” of the jaguars we studied may influence the 
expression of pacing. However, enclosures vary in their 
structural complexity, and arrangements within enclosures 
may compensate for restriction of available space. Indeed, 
controlling for structural diversity when comparing animals 
from different zoos housed in enclosures of approximately 
similar size is difficult, and is therefore hardly ever done.

We found that the amount of time the male jaguars 
dedicated to pacing diminished after providing the spices. 
Both the cinnamon and black pepper trails were equally 
effective in reducing pacing expression. This suggests that 
these spices are suitable for the male jaguars, despite the 
difference between B and T regarding age (5 × 11 years‑old) 
and housing conditions (isolated x paired). The female 
increased pacing in accordance with visitor density, but her 
mean pacing time did not differ in the two phases. Actually, 

A displayed short pacing bouts in the baseline phase, a 
pattern that was not observed in the males. Two prevailing 
circumstances in the baseline period may have caused that. 
First, despite our care towards preventing bias, we noted 
reduced visitor density around the enclosure of the pair in 
the sampling periods of A. The reason for this difference in 
visitor number is unknown, as the sampling of all animals 
was carried out at similar periods of the day. Second, the 
repetitive attempts of T to copulate with A may have led 
to an increase in inactivity on her part. Meanwhile, how 
far these conditions are associated to her unresponsiveness 
to the spice provisioning is an open question. Perhaps a 
study with female jaguars housed as singletons and as 
pairs should be conducted to test whether male behavior 
play a role in female low level or lack of pacing. Our data 
agree with previous studies reporting the addition of spices 
and a subsequent decrease in pacing displayed by felids 
(Wells and Egli, 2004; Skibiel et al., 2007; Resende et al., 
2011). However, unlike our study, these investigators report 
their outcomes for all animals combined, which prevents 
uncovering the possible influence of individual attributes.

Although apparently multiple factors besides visitor 
number may underlie the display of pacing by jaguars, it is 
highly recommended that the husbandry staff in our study 
site implement strategies to counteract the visitor effect. 
For example, the replacement of the current glass barrier 
by a one-way viewing glass barrier should be considered. 
This measure should be followed by the use of effective 
wording on signs appealing to visitors not to knock on the 
glass barrier or not to make excessive noise.

Our results must be viewed with caution because of the 
reduced number of animals and total behavioral sampling of 
each animal. The results also have a limited scope because 
we do not have additional behavioral data rather than 
stereotypic pacing display. Moreover, we cannot evaluate 
whether other behaviors are affected by public exposure, as 
is the case with pumas, Puma concolor (Linnaeus, 1771): 
instead of affecting locomotion behavior, the high number 
of visitors and the noise they make increased the inactivity 
of an adult female and her 8-year-old daughter during 
the morning periods (Maia  et  al., 2012). Nevertheless, 
we found interesting outputs that add novelty to a poorly 
studied felid species. Visual contact with an increasing 
number of visitors led to extended pacing display in the 
studied jaguars. Despite differences between male jaguars 
regarding age and presence of a companion, either cinnamon 
or black pepper were suitable to reduce the expression of 
pacing in them. The unresponsiveness of the female jaguar 
to spice provisioning was likely associated to her prior 
reduced engagement in pacing. Despite the aforementioned 
constraints, our findings point out to the validity of investing 
efforts towards evaluating the effectiveness of novel 
scents through individual-based approaches. They may be 
useful in revealing how far olfactory stimuli are suitable 
to minimizing stereotypies irrespective of divergences in 
particular traits. Further research should test whether the 
usefulness reported in this case study can be generalized 
to other circumstances.
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