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Abstract
The captive environment can significantly impact animal behaviour. Relocating a captive group to a 
more biologically relevant enclosure can positively impact behaviour and welfare. The aim of this study 
was to determine the effect of a new enclosure on the behaviour of a captive group of lion-tailed 
macaques Macaca silenus located in Fota Wildlife Park. The macaques were moved in late January/
early February 2015 to an enclosure that is larger and more complex but is in closer proximity to 
visitors. Baseline data were collected from February to October 2014, prior to the move. Data in 
the new enclosure were collected for the 2 months following the move, prior to additional changes 
occurring in the group. One year since the relocation, data were collected again, in February and March 
2016. The results showed that in the months following the move to the new enclosure the macaques 
spent more time out of sight and less time engaged in self-directed behaviours. Visitor number had 
an impact on behaviour of the macaques, but there was no significant difference between the two 
enclosures in terms of visitor effect. Further monitoring will continue to determine the effect of the 
new enclosure on behaviour.

Introduction

In general, captive environments are rarely sufficiently 
stimulating and, in comparison to wild habitats, are unchanging 
and spatially limited (Swaisgood et al. 2001). Enrichment is 
often employed to improve the quality of these environments, 
using foraging devices, sensory stimulation or social groupings 
(e.g. Bayne et al. 1991; Mallapur et al. 2007; Leonardi et al. 
2010; Gronqvist et al. 2013). The relocation of a captive group 
to a new, more biologically relevant enclosure is considered a 
form of enrichment as it provides novelty and more stimulation. 
Clarke et al. (1982) showed that the relocation of chimpanzees 
to a more naturalistic environment significantly reduced the 
occurrence of stereotypical behaviours.

Fota Wildlife Park, in Cork, Ireland, is currently undergoing a 
27-acre expansion, with the creation of a new section known as 

the Asian Sanctuary. The new area contains a larger enclosure 
for the resident group of lion-tailed macaques Macaca silenus, 
which aims to provide more space and stimulation. Fota is of 
particular importance in relation to this species as it has one of 
the most successful captive groups of lion-tailed macaques in 
the European Endangered Species Programme (EEP). In 2014, 
when this research began, this group was composed of 21 
individuals, with 14 successful births since 2007. 

As stated by Dufour et al. (2011), there are few studies 
on how captive primates in particular cope with moving and 
changes in their environment, even though these zoo animals 
regularly undergo moves between enclosures and institutions. 
The objective of this paper was to look at behaviour before and 
after the move to the new enclosure to identify any changes 
caused by the relocation of the lion-tailed macaque group in 
Fota Wildlife Park.
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Methods

Study site and group
This study took place in Fota Wildlife Park, Co. Cork, Ireland, over 
a period of three years (2014 to 2016). The old macaque enclosure 
(Figure 1A) was a 430 m2 artificial island (Casey 2007) surrounded 
by a natural barrier of Cork Harbour water, with visitor trails to the 
north, south and east of the island. This island was shared by a 
small population of black-tailed prairie dogs Cynomys ludovicianus, 

with two neighbouring islands housing black howler monkeys 
Alouatta caraya and Siamang gibbons Hylobates syndactylus. The 
island contained various horizontal structures, plastic containers, 
with swings and raised platforms, as well as two indoor houses, 
one of which was shared with the black howler monkeys and agile 
gibbons Hylobates agilis. 

The new enclosure (Figure 1B) is a 4600 m2 fenced area (over 
10 times larger than the old enclosure) with a large naturalistic 
outdoor section containing many trees, shrubs and large logs, 

Figure 1. Photographs of the lion-tailed macaque Macaca silenus enclosures at Fota Wildlife Park, Co. Cork. (A) Old enclosure with large water barrier; map 
from Casey (2007); (B) New enclosure with large indoor house; (C) Small outdoor cage area of new enclosure.
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and a larger indoor house with a viewing window for visitors. 
Furthermore, around the fenced perimeter of the enclosure 
are two large glass viewing windows, allowing visitors to view 
the outdoor section of the enclosure. In comparison to the old 
enclosure, this enclosure is in closer proximity to visitors (with no 
large water barrier) and in an area of greater visitor traffic due 
to the popularity of the surrounding exhibits. It is located next 
to the Sumatran tigers Panthera tigris sumatrae and another 
enclosure shared by Visayan warty pigs Sus cebifrons and Visayan 
spotted deer Rusa alfredi. During data collection in 2015, all other 
enclosures surrounding the macaques were empty; by 2016 the 
remaining exhibits surrounding the macaques were occupied by 
François langurs Trachypithecus francoisi and agile gibbons. 

During the baseline study in 2014, while in the old enclosure, 
the group was composed of 21 individuals, with one adult 
male, three adult subordinate males, nine adult females and 
eight juveniles. Following the move to the new enclosure, the 
three subordinate males and one juvenile male were separated 
from the group and placed in separate caged area of the indoor 
house, where they still had visual contact with the rest of the 
group, both inside and outside the house (Figure 1C). This was in 
preparation for their move to another zoo, as part of the EEP for 
this species. Furthermore, as part of the long-term management 
of this species by the EEP, in 2016, the alpha male and one juvenile 
male were removed from the group, and three new males were 
being introduced to the group. Contact between the remaining 
15 macaques (females and juveniles) and these three new males 
was primarily visual. For this part of the study, only the behaviour 
of the females and remaining juveniles were analysed, the new 
males were not included. 

Data collection and analysis
Data were collected using instantaneous scan sampling to look at 
the behaviour of the entire group and 15-minute focal sampling 
(with females and juveniles chosen at random), over two 2-hour 
periods in the morning and afternoon, with scans samples taken 
between every focal sample. Baseline behavioural data were 
collected between February 2014 and October 2014 (Table 1). A 
total of 258 scan and 259 focal samples were recorded during the 
baseline study. Visitor numbers around the enclosure area was 
estimated (low, medium or high visitors) and recorded for every 
2-hour period. Cloud cover, precipitation and temperature (max/
min) were also noted for each recording period. The macaques 
were transferred to their new enclosure in late January/early 
February 2015, and data were collected using the same methods 
from then until March 2015. A total of 105 scan and 96 focal 
samples were collected during this period. Data collection stopped 
at this point as three new males were introduced to the group as 
part of the EEP.

In February and March 2016, data were collected using the 
same methods, to record any differences in behaviour one year 
since their introduction into the new enclosure. A total of 73 scan 
and 65 focal samples were collected. 

Data were analysed using R 3.4.3 (R Core Team, 2017). Each of 
the behaviours (except for out of sight) were corrected for time 
in sight and the scan sample data were also corrected for group 
size. For the scan sample data, collinearity was measured using 
variance inflation factors (VIF) (Zuur et al. 2009), to determine 
if any explanatory variable had a strong linear relationship with 
any other explanatory variable(s) (Field et al. 2012). Month was 
removed as the VIF value was greater than 10 (Myers 1990) and 

Table 1. An ethogram of the observable behaviours of the lion-tailed macaques Macaca silenus in Fota Wildlife Park, Co. Cork, Ireland during the study 
period February 2014 to March 2016.  1Fishing in the surrounding water was also observed but not included as it was only possible in the old enclosure.

Category Behaviour Description

Feeding` Foraging Searching for food

Feeding1 Eating of food

Drinking Drinking of water (often leaning forward and lapping water)

Active Walking Slow paced locomotion

Running Fast locomotion

Climbing Moving from one area to another in a vertical direction

Swinging Hanging from an elevated structure

Restful Sitting Idly sitting

Resting Lying down idle

Affiliative Sexual Inspection/ Presentation Lifting of the tail area to inspect or smell genital area/presentation of genital area to another

Mounting One individual climbing on another to initiate copulation/dominance display

Copulation Sexual intercourse

Interaction with infant/parent Contact between infant and mother, either through vocalisation, playing or carrying

Allogrooming Individuals grooming or being groomed by another

Playing Interaction between individuals through chasing, rolling, swinging or wrestling

Huddling Two or more individuals sitting close together with no grooming taking place

Self-directed Scratching Individual scratching itself

Autogrooming Individual grooming itself

Aggression Threatening or defensive behaviour including posture, vocalisation, chasing

Out of sight Individual not visible
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could bias the model. For each of the grouped behaviours, a 
generalised linear model (GLM) for proportional data was used. 
Overdispersion was detected and corrected using a quasi-GLM 
model where the variance is given by Ø×µ, where µ is the mean 
and Ø is the dispersion parameter (Zuur et al. 2009). The optimal 
model was found using backwards model selection and validated 
by plotting residuals against the fitted values and each explanatory 
variable. 

For the focal samples, only the data from the female and juvenile 
macaques were analysed, as males were removed throughout 
the study. Each of the behaviours (except for out of sight) were 
corrected for time in sight. Non-parametric tests were performed 
as the data were found to deviate significantly from a normal 
distribution, which was confirmed through the Kolomogorov-
Smirnov and Shapiro-Wilk tests, and visual checks. To compare 
behaviour of females and juveniles across year, Kruskal-Wallis 
tests were used. Post-hoc analysis was performed using the R 
package pgirmess (Giraudoux 2018). Variability is described using 
standard error (±SE).

Results

The estimated parameters and P-values for each explanatory 
variable can be seen in Table 2. For active and restful behaviours, 
2016 was significantly different from 0 at the 1% level when 
compared to 2014. Self-directed behaviours during 2015 differed 
significantly from 0 at the 1% level when compared to 2014. 
Compared with high levels of precipitation, restful behaviours 
during ‘nil’ and ‘light’ precipitation levels differed significantly 
from 0 and the 1% level. Restful behaviours during ‘nil’ cloud cover 
was also found to differ significantly from 0 when compared to 
‘full’ cloud cover. For out of sight, ‘nil’ and ‘partial’ cloud cover was 
found to be significantly different from 0 at the 1% level compared 
with ‘full’ cloud cover. Also, for out of sight, the interaction 
between temperature and medium visitors was found to differ 
significantly from 0, as was the relationship between morning 

time and low visitors, and morning time and medium visitors.
The non-parametric tests indicated a significant difference 

(P<0.001) between the amount of time females spent out of 
sight between 2014 (19%±2.45) and 2015 (41%±4.46). Juveniles 
also spent significantly more (P<0.001) time out of sight in 2015 
(28.3%±5.44) compared to 2014 (30%±2.69). No other significant 
differences in behaviour were found. 

Discussion

In the months following the relocation to the new enclosure 
the macaques were observed to spend more time out of sight 
and less time engaged in self-directed behaviours compared to 
observations in the old enclosure. The increased time spent out 
of sight following the relocation is unsurprising given that the new 
enclosure contains far more dense and tall vegetation, and as there 
were no outdoor shelters in the new enclosure, the macaques 
were inclined to spend more time indoors and out of sight when 
the weather was unfavourable or during feeding times. These out 
of sight observations could also be associated with exploratory 
behaviours, due to the new surroundings. Exploration is said to 
provide information for the animals about the general spatial 
patterning of resources, to help the animals gauge future resource 
availability (Shepherdson et al. 1998). Lion-tailed macaques have 
been found to frequently engage in exploratory behaviour, and 
object manipulation, which is possibly related to their omnivorous 
lifestyle (Westergaard and Lindquist 1987). 

Novelty can stimulate this exploratory behaviour, but it can also 
cause fear or stress in an individual (Shepherdson et al. 1998). 
Self-directed behaviours, such as scratching or autogrooming, 
are termed as displacement activities which are characterised by 
their apparent irrelevance to the situation in which they appear 
(Maestripieri et al. 1992), and when frequently observed in an 
individual, are often associated with stress, frustration or anxiety, 
or they can occur following an aggressive encounter with another 
individual (Aureli  et al. 1992; Das et al. 1998; Diezinger and 

Table 2. Estimated parameters and P-values for each explanatory variable. Significant (P<0.001) values indicated in bold.

Variable type Variable Active Affiliative Feeding Resting Self-directed OOS

Year 2015 - - - - -1.825 (0.012) -

2016 -0.616 (0.002) - - 0.491 (0.001) - -

Time Morning - - - - - -0.355 (0.015)

Visitors Low -0.898 (0.012) - - - - -

Medium - - - - - -

Precipitation Nil - - - -1.169 (0.002) - 0.769 (0.016)

Light - - - -0.985 (0.012) -

Cloud cover Nil - - -0.496 (0.037) 0.498 (0.004) - -0.749 (0.0004)

Partial - -0.367 (0.02) - - - -0.506 (0.005)

Temperature: Visitors Medium -0.066 (0.048) - - - - -0.059 (0.008)

Time: Visitors Morn: Low 0.612 (0.028) - - - - 0.825 (0.00004)

Morn: Medium - - - - 0.915 (0.00001)
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Conclusion

The relocation of a captive species to new, better quality 
surroundings, whether within an institution or between 
institutions, can be enriching and stimulating, but it is important 
to consider that it can be a source of stress and anxiety. As 
these relocations can be a common part of a captive animal’s 
life, it is important to consider the effect that they may have. 
Further research will be needed before it can be determined if 
the relocation of this group to a new enclosure encourages more 
positive or negative behaviours in the long-term. 

Acknowledgements
The authors would like to thank all the staff at Fota Wildlife Park 
for their help and advice in facilitating this research, and the two 
anonymous reviewers for their comments on this manuscript. 
The authors would also like to thank the Irish Research Council 
Enterprise Partnership Scheme and Fota Wildlife Park for funding 
this research. 

References
Anderson U.S., Kelling A.S., Pressley-Keough R., Bloomsmith M.A., Maple 

T.L. (2003) Enhancing the Zoo Visitor’s Experience by Public Animal 
Training and Oral Interpretation at an Otter Exhibit. Environment and 
Behaviour 35(6): 826–841. 

Aureli F., Van Schaik C.P., Van Hooff J.A.R.A.M. (1989) Functional aspects 
of reconciliation among captive long-tailed macaques (Macaca 
fascicularis). American Journal of Primatology 19(1): 39–51. 

Baker K.C., Aureli F. (1997) Behavioural indicators of anxiety: an empirical 
test in chimpanzees. Behaviour 134(13): 1031–1050.

Bayne K., Mainzer H., Dexter S., Campbell G., Yamada F., Suomi S. (1991) 
The reduction of abnormal behaviours in individually housed 
rhesus monkeys (Macaca mulatta) with a foraging/grooming board. 
American Journal of Primatology 23(1): 23–35. 

Casey L. (2007) Analysis of Time Activity Budgets of a Captive Group of Lion-
tailed macaques (Macaca silenus) in Relation to Age/Sex Composition, 
and the  Behavioural Responses of the Group to the Death of the 
Alpha Male. Unpublished  BSc Thesis, University College Cork.

Clarke A.S., Juno C.J., Maple T.L. (1982) Behavioural effects of a change in 
the physical environment: A pilot study of captive chimpanzees. Zoo 
Biology 1(4): 371–380. 

Das M., Penke Z., van Hooff J.R.A.M. (1998) Postconflict Affiliation and 
Stress Related Behaviour of Long-Tailed Macaque Aggressors. 
International Journal of Primatology 19(1): 53–71. 

Diezinger F., Anderson J.R. (2005) Starting from scratch: A first look at a 
“displacement activity” in group-living rhesus monkeys. American 
Journal of Primatology 11(2): 117–124. 

Dufour V., Sueur C., Whiten A., Buchanan-Smith H.M. (2011) The impact 
of moving to a novel environment on social networks, activity and 
wellbeing in two new world primates. American Journal of Primatology 
73(8): 802–811. 

Fernandez E.J., Tamborski M.A., Pickens S.R., Timberlake W. (2009) Animal 
visitor interactions in the modern zoo: Conflicts and interventions. 
Applied Animal Behaviour Science 120: 1–8.

Field A., Miles J., Field Z. (2012) Discovering Statistics Using R. Sage 
Publications Ltd, London.

Giraudoux P. (2018) Pgirmess: Spatial Analysis and Data Mining for Field 
Ecologists. R package version 1.6.9. https://CRAN.R-project.org/
package=pgirmess

Gronqvist G., Kingston-Jones M., May A., Lehmann J. (2013) The effects of 
three types of environmental enrichment on the behaviour of captive 
Javan gibbons (Hylobates moloch). Applied Animal Behaviour 
Science 147(1–2). 

Hosey G.R. (2005) Zoo animals and their human audiences: What is the 
visitor effect? Animal Welfare 9: 343–357.

Kutsukake N., Castles D.L. (2001) Reconciliation and variation in post-
conflict stress in Japanese macaques (Macaca fuscata fuscata): testing 
the integrated hypothesis. Animal Cognition 4(3–4): 259–268. 

Leonardi R., Buchanan-Smith H.M., Dufour V., MacDonald C., Whiten A. 
(2010) Living together: Behaviour and welfare in single and mixed 
species groups of capuchin (Cebus apella) and squirrel monkeys 
(Saimiri sciureus). American Journal of Primatology 72: 33–47. 

Anderson 1998; Manson and Perry 2000; Kutsukake and Castles 
2001; Troisi 2009). Baker and Aureli (1997) found increased levels 
of self-directed behaviours associated with anxiety in chimpanzees 
Pan troglodytes. Self-directed behaviours decreased in this lion-
tailed macaque group following the move to the new enclosure, 
which could indicate that this group did not find the relocation or 
novel surroundings stressful, or the new enclosure was sufficiently 
enriching to reduce these behaviours. It is important to note that 
it is likely that this decrease could be related to the higher levels 
of out of sight, meaning other behaviours were observed less 
frequently overall. 

The new enclosure was not the only novel experience for this 
group; visitor proximity was also greater in the new enclosure. 
Several studies have examined the effects that visitors have on 
captive primate behaviour. Mallapur et al. (2005) found that 
there was an increase in abnormal behaviours in the presence of 
visitors in comparison to when visitors were absent in lion-tailed 
macaques housed in Indian zoos. A study by Wood (1998) showed 
that larger crowds significantly decreased foraging, playing and 
grooming among captive chimpanzees. Fernandez et al. (2009) 
stated that gorillas in Belfast Zoo spent significantly more time 
engaged in aggressive, abnormal and self-grooming behaviours 
when large crowds of visitors were present. Visitor presence did 
have some impact on the behaviour of the macaques in Fota, with 
the macaques less active during low visitor numbers compared 
to high visitors, but there were no significant differences found 
between the two enclosures in terms of visitor effect. Similarly, 
although the environmental variables measured were found to 
have an effect on certain behaviours, such as out of sight, there 
was no interaction found between these variables and the two 
enclosures. 

One year since the relocation to the new enclosure, the 
macaques were noted to be less active when compared to 
behaviour in the old enclosure, but no significant changes in 
behaviour were found since 2015. The decrease in activity could 
possibly be due to the presence of the new male macaques. 

The quality of the environment is just as important as the size; 
zoos that are unable to move their animals to a new environment 
can enrich the existing enclosure to improve welfare. Not only 
is the new enclosure in Fota more than 10 times larger than 
the previous one, but more importantly it contains much more 
vegetation, with trees, bushes and long grass providing cover 
and increased foraging opportunities for the macaques. The high 
levels of out of sight, while as discussed are not necessarily a 
negative outcome due to exploratory behaviour, could be an issue 
when it comes to visitor experience. When designing an enclosure 
there is generally a trade-off between visitor experience and 
animal welfare (Hosey 2005; Fernandez et al. 2009). While studies 
have shown that visitor prefer to see animals in a naturalistic 
environment (as opposed to barren or concrete enclosures), they 
have also said that their exhibit preferences are dependent on a 
combination of how close the visitor is able to get to the animal, 
how easily it can be seen by the visitor, the animal’s activity levels, 
in addition to the aesthetic elements of the enclosure (Fernandez 
et al. 2009). The high levels of out of sight therefore could have a 
negative impact on visitor experience of the macaques. One study 
by Anderson et al. (2003) found that the length of time a visitor 
stayed at the Asian small-clawed otter enclosure increased from 
an average of 82.90 seconds during low animal activity to 360.33 
seconds during high animal activity, an increase of over 430%. By 
encouraging more feeding and activity in the outer sections of 
the enclosure (with feeders or toys), nearer the fence, this would 
provide more opportunities for visitors to see the macaques, as 
well as providing further stimulation and novelty for the group.

 



Journal of Zoo and Aquarium Research 9(1) 2021
10.19227/jzar.v9i1.397

25

Newman et al. 

Maestripieri D., Schino G., Aureli F., Troisi A. (1992) A modest proposal: 
displacement activities as an indicator of emotions in primates. Animal 
Behaviour 44(5): 967–979. 

Mallapur A., Sinha A., Waran N. (2005) Influence of visitor presence on the 
behaviour of captive lion-tailed macaques (Macaca silenus) housed in 
Indian zoos. Applied Animal Behaviour Science 94(3–4): 341–352. 

Mallapur A., Waran N., Sinha A. (2007) A note on enrichment for captive 
lion-tailed macaques (Macaca silenus). Applied Animal Behaviour 
Science 108: 191–195.

Manson J.H., Perry S. (2000) Correlates of Self-Directed Behaviour in Wild 
White- Faced Capuchins. Ethology 106(4): 301–317. 

Myers R. (1990) Classical and modern regression with applications (2nd 
ed.). Boston: Duxbury.

R Core Team (2017) R: A language and environment for statistical 
computing. R Foundation for Statistical Computing, Vienna, 
Austria. URL: https://www.R project.org/.

Shepherdson D.J., Mellen J.D., Hutchins M. (Eds) (1998) Second Nature: 
Environmental Enrichment for Captive Animals. Smithsonian 
Institution Press, Washington and London.

Swaisgood R.R., White A.M., Zhou X., Zhang H., Zhang G., Wei R., 
Lindburg D. G. (2001) A quantitative assessment of the efficacy of 
an environmental enrichment programme for giant pandas. Animal 
Behaviour 61: 447–457.

Troisi A. (2002) Displacement Activities as a Behavioural Measure of Stress 
in Nonhuman Primates and Human Subjects. Stress 5(1): 47–54. 

Westergaard G.C., Lindquist T. (1987) Manipulation of objects in a captive 
group of lion-tailed macaques (Macaca silenus). American Journal of 
Primatology 12(2): 231–234. 

Wood W. (1998) Interactions among environmental enrichment, viewing 
crowds, and zoo chimpanzees (Pan troglodytes). Zoo Biology 17(3): 
211–230.

Zuur A.F, Ieno E.N, Walker N.J., Saveliev A.A., Smith G.M. (2009) Mixed 
Effects Models and Extensions in Ecology with R. Springer-Verlag, New 
York. 


