


represent more general axes of personality in this species. We then used linear mixed
models on the components scores to test whether (1) zoo visitors globally affect the
behaviour of macaques; (2) individual and environmental factors such as sex, age and
temperature influence the animals’ reaction to crowds; (3) the correlated suites of
behaviours can‘ be interpreted as personality traits (i.e. individuals show consistent
differences in behaviour); and (4) animals show individual variability in their plastic

response to variation in the number of visitors (i.e. variation in IxE).
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o
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Figure 11  Hypothetical global plastic response of a
population of three individuals to an environmental
variation (a), and two possible sets of an individuals’
response (each line represents a different individual). In b,
individuals differ in their elevation, but not in their plasticity
(i.e. absence of IxE); in this case a carryover maintains
personality differences between individuals. In ¢, individuals
show differences in slopes of reaction to environmental
change (i.e. presence of IXE). Note that personality (i.e.
individual behavioural consistent differences) is not
incompatible with individual differences in plasticity when
individual slopes do not cross each other within the range of
environmental variation (inspired by Nussey, Wilson and
Brommer, 2007).
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1.2 MATERIALS AND METHODS

1.2.1 Study sites and subjects

The lion-tailed macaques are endemic to the Western Ghats of India. It is currently
labelled as endangered according to the IUCN red list because of the restricted number of
mature individuals left in the wild and continuous population decline (IUCN, 2007).
Previous studies on this species have shown both behavioural sensitivity to the presence
of visitors in zoos (Mallapur, Sinha and Waran, 2005) and individual personality
differences (Rouff, Sussman and Strube, 2005).

We observed twenty-four captive-born lion-tailed macaques (9 males, 15 females)
ranging from 3.2 to 23.2 years of age (mean: 11.9 years). These monkeys belonged to
three different zoos: the Winnipeg Assiniboine Park Zoological Garden, later referred to
as the WinnipegZoo (5 males, 5 females), the Toronto Zoo (2 males, 3 females) and the
San Diego Zoo (2. males, 7 females). Monkeys from the San Diego Zoo were separated
into two groups: one exposed to the public (1 male, 5 females), and another (1 male,

2 females) kept away from visitor access at the Primate Propagation Center (PPC) (Table

1.).

1.2.2 Behavioura} observation protocol

We used an observation procedure based on the species behavioural repertoire to assess
differences among individuals in their behavioural adjustment to changing zoo
conditions. A detailed ethogram (Appendix A) of the sf)ecies including 49 behaviours was
elaborated based on 5 different sources: 4 ethograms of the lion-tailed macaques in
captivity (Johnson, 1985; Mallapur, Sinha and Waran, 2005; Rouff, Sussman and Strube,
2005; Skinner and Lockard, 1979) and an ethogram of the rhesus macaque (Macaca
mulatta) [Chapais, pers. comm.]. All observations were conducted between May 1%, and
September 28" 2007 (Toronto: from May 1% to May 13" and from June 13" to July 9";
Winnipeg: from May 15" to June 12" ; San Diego: from the 1% to the 28" of September).

The observers were located outside the monkeys’ enclosure. Each focal animal was
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Table 1.1
Observed lion-tailed macaques

200 Animal Sex Age (months)
Winnipeg Lena F 44
Winnipeg Jetta F 106
Winnipeg Mojo F 122
Winnipeg Jojo F 124
Winnipeg Jalna F 264
Winnipeg Jordan M 50
Winnipeg Nemo M 60
Winnipeg Jasper M 63
Winnipeg Monty M 78
Winnipeg Mark M 144
Toronto Vina F 38
Toronto Sitara F 101
Toronto Si-Nikel F 206
Toronto Guntur M 58
Toronto Dave M 135
San Diego Etienne F 162
San Diego Antoinette F 188
San Diego Jean F 214
San Diego Grace F 245
San Diego Marie F 252
San Diego Adam M 278
San Diego (PPC) * Celeste F 111
San Diego (PPC) Elisabeth F 168
San Diego (PPC) Albert M 211

* PPC : Primate Propagation Center

selected a priori and observed for 10 min. The sampling period was divided into ten 30-
second sub-periods of observation, each followed by 30 seconds of codification. During
the codification sub-periods, the observer noted the presence or absence of each
behaviour variable during the previous 30 seconds of observation. The total number of
occurrences of the behaviour during a 10-minute period was used as an index of the

intensity of its expression.

To test the reliability of the behaviour items, two trained observers (J.G. and a field
assistant) rated the behaviour of the Toronto Zoo animals for 5 hours per individual. The
level of inter-rater agreement was determined by calculating the Cohen’s kappa statistic, a
correlation coefficient corrected for chance, on each behaviour variable (Cohen, 1960).
We then elaborated a reduced ethogram by keeping behaviours variables that reached a

coefficient of 0.85 or higher, indicating an excellent inter-rater agreement (Banerjee,
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1999). The reduced ethogram contained 29 behaviours. Using the reduced ethogram and
the same observational method, one observer (J.G.) then ran a total of 48 sampling
periods for each monkey for a total of 8 hours per animal (192 hours of observation for
the whole group). Observations took place twice a day for each individual, once in the
morning (between 8:00 and 12:30), and once in the afternoon (between 12:30 and 16:30).
These large intervals allowed the observer to rate the monkeys in variable conditions of
visitor presence. The specific time of each focal observation within each session was

selected at random.

1.2.3 Environmental variables

The observer counted the number of visitors within 3 meters of the enclosure at each
minute during the sampling period. The sum of the ten counts per period provided an
index of human attendance during the sampling period. Local temperature data within 30
minutes of the observation period were obtained online from Environment Canada (EC,
2007) for Toronto and Winnipeg and from the National Weather Service for San Diego
(NOAA, 2007). Temperature could affect both the visitor attendance and the expression
of some behaviours such as resting (Wada, Tokida and Ogawa, 2007), huddling (Schino
and Troisi, 1990; Wada, Tokida and Ogawa, 2007), scratching (Ventura et al., 2005) and
aggression (Nunn and Deaner, 2004). Because these behaviours could be affected by the
number of visitors as well (Davey, 2007; Hosey, 2005), temperature could act as a

confounding variable on the interpretation of behavioural responses to the visitors.

1.2.4 Statistical analysis

We used a principal component analysis (PCA) on the behavioural variables to reduce
them to a limited number of synthetic principal components. To minimize the influence
of rare behavioural events in our study, we considered in the PCA only the 14
behavioural variables that were recorded more than a hundred times during the study.
These variables and their description are shown in Table 1.2. To reduce the number of
focal observation with zero occurrences of some behavioural variables, we ranked
observations and regrouped them by four adjoining periods prior to running the PCA. For

each pooled sampling period, we also summed the four measures of temperature and
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Table 1.2
Behaviour items selected for the PCA. The items reached the inter-rater agreement criterion
(Cohen’s Kappa > 0.85) and were recorded more than one hundred times during the study

Behaviour items  Description K™

Allo-groom Grooming another animal 0.912
Assault Chasing, biting, hitting or wrestling in an agonistic context 1.000
Fast Movement ~ Running or moving at more than one body length / sec. 0.960
Forage Actively searching for food in the environment 0.929
Inspect Visual or olfactory inspection of another monkey’s genital area 0.969
Lip-smack Quick and repeated protraction of the lips 0.864

Chasing, lightly biting, or wrestling another animal in a non-

Play .S 0.897
agonistic context

Proximity 7 Propomon.oftnme spent at less than one arm distance from 0.928
another animal

Rest 30 seconds of inactivity, without any movement NA*

ROM 1 Relaxed face, oval-shape open mouth, canines hidden 0.906

Scratch Scratching a body part with leg or arm 0.947

Self-groom Grooming of the animal’s own fur 0.959

Slow Movement  Moving at less than one body length / sec. 0.923

Tension Yawn Yawn not directed towards another monkey and not repeated 0.897
frequently

? K = Cohen’s Kappa agreement statistic

$ ROM = Relaxed Open Mouth display

T “Proximity” was calculated by dividing the “In group” total (number of sub-period spent al less
than one arm distance from another individual) by the sum of the “In group™ total plus the “Alone”
total (number of sub-period spent at more than one arm distance from another). See appendix A for
“In group” and “Alone” definitions.

The behaviour “Rest” was not observed during the period of inter-rater agreement observations but
was retained because of its potential relevance for behavioural differences.

number of visitors to obtain an index of temperature (ranging from 29.8°C to 123.1°C;
mean; 79.5°C), and an index of visitor attendance in front of the enclosure (ranging from
0 to 1195; mean: 313). Overall temperature was positively correlated with number of

visitors (r = 0.18, p = 0.004).

The components retained for further analysis were selected in accordance with the
Kaiser-Guttman criterion (i.e. eigenvalues > 1: Kaiser, 1991). Five components reached
the criterion and explained 64.7% of the total variance (Table 1.3). PC1 was characterized
by high loads of forage, fast and slow movements and play, suggesting an activity axis.
PC2 was mainly characterized by two displacement behaviours, tension yawing and self-
grooming (Maestripieri et al., 1992; Schino et al., 1996). Inspection, an affinitive socio-

sexual behaviour occurring frequently in post-conflict situations (Abegg, Thierry and
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Kaumanns, 1996; Call, Aureli and de Waal, 2002) also loaded positively on that
component. Because a high expression of these behaviours can be associated with tense
circumstances or psychological states, PC2 is hereafter referred to as a tension axis. PC3
can be viewed as a sociability axis as it regroups affinitive behaviours such as proximity,
playing, allo-grooming and relaxed open mouth (ROM), a facial display associated to
play sequences (Van Hooff, 1967). PC4 regrouped tension reducing behaviours such as
scratching and lip smacks (Maestripieri, 2005; Maestripieri ez al., 1992; Maestripieri and
Wallen, 1997) as opposed to assault. This set of behaviours suggests a reactivity axis:
high scoring animals would tend to cope with conflict by using tension reducing actions
instead of aggression, but would show more displacement activities (i.e. scratching). PC5
was characterized by assault as opposed to rest. We will hereafter refer to it as an

aggressiveness axis.

We tested for individual behavioural consistency and for individual differences in
behavioural adjustment to the number of visitors (IXE), as well as the influence of
environmental and individual factors on the expression of behaviour by using linear
mixed models (Pinheiro and Bates, 2000) with the five principal components scores as
dependant variables. The San Diego PPC group, which was permanently kept off display,
was excluded from the models. Fixed effects included in the models were temperature,
number of visitors, monkey’s age and sex, and their two-way interactions. Continuous
variables were centered on the mean to estimate the intercept at the mean of the group
(Pinheiro and Bates, 2000). Random effects were “animal ID” nested within “zoo™. This
second random effect allowed us to account for potential variance in the expression of the
dependant variables that is created by unmeasured environmental influences or other
factors that could vary between zoos (e.g. enclosure features, management procedures,
temporal effects, sex ratio, age structure, etc.). We selected the models using the stepwise
backward elimination procedure: the least significant fixed effect was removed before the
model was run again. This operation was repeated until only significant effects remained
(with P < 0.05). The final models provided estimates of the significant influence of the
fixed effects on the global population of macaque expression of the behavioural

components.



Table 1.3
Summary and loadings of the components retained from the PCA performed on the behavioural observations of 24 lion-
tailed macaques housed in 3 North-American zoos

Principal Components

PCI PC2 PC3 PC4 PC5

Activity Tension Sociability Reactivity Aggressiveness
EV 1.734 1.429 1.320 1.096 1.033
PV 0.215 0.146 0.124 0.086 0.076
Behaviours cv 0215 0.361 0.485 0.571 0.647
Forage 0.429 -0.193 -0.140 -0.011 -0.053
Fast Movements 0.439 0.144 0.296 -0.099 0.040
Siow Movements 0.473 -0.087 -0.221 -0.001 -0.015
Play 0.416 0.175 0.366 -0.111 0.044
Tension Yawn -0.099 0.543 -0.096 0.024 -0.022
Inspect -0.030 0.433 -0.057 0.029 ' -0.316
Self-groom -0.098 0.441 0.127 0.134 0.234
Allo-groom -0.172 -0.273 0.406 0.140 0.025
Proximity -0.198 -0.095 0.554 -0.164 -0.007
ROM 0.249 0.144 0.395 0.304 0.124
Scratch -0.008 0.199 -0.073 0.600 -0.022
Lips smack -0.097 -0.254 0.033 0.551 0.251
Assault -0.193 0.138 -0.018 -0.390 0.566
Rest -0.167 0.001 0.217 -0.060 -0.662

Loadings larger than 0.350 are in bold, indicating that they contributed importantly to the component; ROM = Relaxed
Open Mouth display; EV = Eigenvalue; PV = Proportion of variance; CV = Cumulative variance
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We tested if the variance in the principal components caused by individual effects was
significantly different from zero in the final models by running one model including
animal 1D and one model excluding it. We compared the Restricted Maximum Likelihood
(REML) of each model together: keeping the fixed effect structure constant, we then
calculated the likelihood ratio (LLR) test between the two models as: 2[log-likelihood of
model B — log-likelihood of model A], where model A has fewer random effects than
model B. The resulting statistic distribution approximates a chi-squared distribution with
kg — ka degrees of freedom, where k; is the number of parameter to be estimated in model
i (Pinheiro and Bates, 2000). A significant LLR test indicates a significant contribution of
the inter-individual variance (i.e. inter-individual variation in intercept) to the model fit,
after taking the proportion of the variance attributed to the zoo effects and the role of the
fixed effects estimates into account. We also tested whether the variance-attributed to zoo
effects was significantly different from zero using the same LLR test procedure on
models including zoos versus those excluding zoo as random effects. To evaluate the
level of individual and institutional consistency, we calculated the repeatability, or the
proportion of variance explained by each of the random effects over the total variance
(Lessells and Boag, 1987). We then tested for significance of individual differences in
plastic response to the number of visitors (1xE) by adding a random interaction between
animal 1D and number of visitors (IDxV) to the final models. We then compared these
models with previous models excluding the random IDxV interaction using a LLR test
(Martin and Réale, 2008; Nussey, Wilson and Brommer, 2007). This random term allows
us to test for individual differences in slopes of reaction, or individual plasticity, to the

number of visitors. All statistical analyses were performed using R 2.6.2.
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1.3 RESULTS

Number of visitors affected activity (PC1) differently according to monkey age (Table
1.4). Overall, young monkeys showed higher activity scores, but their level of activity
decreased with increasing number of visitors, while it increased for older monkeys

(Figure 1.2). There was a significant interaction between age and sex on tension (PC2).

Table 1.4
Estimates of significant fixed effects in the final linear mixed models of the five behavioural
principal components extracted from the PCA, for 21 lion-tailed macaques on display in three
North-American zoos, with animals’ 1D nested within Zoos’ 1D as random effects

Principal Component Fixed Effect Coefficient  d.f. { P-value
PCI - Activity : Age -0.017 17 -4.88 <0.0001
Visitors § <0.001 229 0.68 0.496
Age x Visitors * 0.001 229 2.53 0.012
PC2 - Tension Age -0.002 15 -1.14 0.271
Sex (m) & 2.081 15 7.64 <0.001
Visitors 0.001 228 208 0.039
Temperature -0.013 228  -2.37 0.018
Age x Sex (m) 0.008 15 218 0.046
Visitors x Temperature -0.001 228 -2.17 0.031
PC3 — Sociability Age -0.005 17 -2.49 0.023
Visitors <0.001 228 0.24 0.809
Temperature -0.020 228 -3.50 0.001
Age x Visitors -0.001 228 -2.23 0.026

PC4 — Reactivity - - - - -

PC5 — Aggressiveness  Visitors -0.001 228  -2.37 0.019
Temperature 0.006 228 1.12 0.266
Visitors x Temperature 0.001 228 3.14 0.002

Initial models included “Sex”, “Age”, “Temperature”, “Number of Visitors” and every two-way

interaction between these variables as fixed effects. Non-significant fixed effects were removed

during the model selection with P> 0.05.

* *x’s indicate an interaction between the two flanking variables.

§ Visitors = Number of Visitors

3 For the categorical variable “Sex™, the coefficient represents the variation in the expression of
the component for males, females being the reference value.

T The model with the PC4 as dependant variable showed no significant fixed effect.

On average, tension was significantly higher in males and their scores increased with age.

In females, tension decreased slightly with age (Figure 1.3). Tension was also affected

significantly by the interaction between temperature and number of visitors: tension
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increased with the number of visitors at low temperature, but the relation disappeared as
temperature increased (Figure 1.4). Sociability (PC3) significantly decreased with
temperature (Figure 1.5). The relation between sociability. and age differed according to
the number of visitors: sociability for older animals decreased with increasing number of
visitors, while it increased for young monkeys (Figure 1.6). Reactivity (PC4) was not
significantly related to any of the fixed effects included in the model. Aggressiveness
(PCS5) decreased slightly but significantly with increasing number of visitors, and this
relationship was affected by temperature (Figure 1.7). At low temperature, aggressiveness

decreased with increasing number of visitors, whereas it increased with the number of

visitors at higher temperature.

PC1 - Activity

50 -100

0

600 400
200 50

2000 400 440 100
Number of Visitors Age (Months)
Figure 1.2 Effect of number of visitors and age on activity scores
(PC1) in captive lion-tailed macaques.
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Figure 1.5 Sociability scores (PC3) as a function of
temperature in captive lion-tailed macaques.
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Figure 1.6 Effect of age and number of visitors on sociability scores
(PC3) in captive lion-tailed macaques.
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PC5 - Aggressiveness
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Figure 1.7 Effect of temperature and number of visitors on
aggressiveness scores (PCS) in captive lion-tailed macaques.

Animal ID explained a significant proportion of the variance in four out of the five
behavioural components (Table 1.5), and the repeatabilities varied from 13.6% to 26.6%.
Only reactivity showed a low and non significant individual variance and a repeatability
of 5.4% (Table 1.5). Zoo variance was significantly different from zero for activity and
reactivity, indicating that some zoo-associated unmeasured environmental effect could
play a role in the expression of these behavioural axes. Interaction between animal 1D and
visitors were not significantly different from zero for any of the behavioural components,
indicating that the animals did not differ significantly in the way they reacted to

increasing number of visitors.



Table 1.5
Explanatory power and significance of random effects in the final linear mixed models of the five behavioural components of lion-tailed macaques in three
North-American zoos

Behavioural Components

. PCl1 PC2 PC3 PC4 PCS

Model Random effect Activity Tension Sociability Reactivity Aggressiveness
| * Animal ID Variance ° 0.808 0.256 3.242 0.068 0.188
% Repeatability 26.6 24.9 13.6 5.2 16.9

LLR test (d.f. = 1) 70.6 26.5 13.4 3.5 18.2

P-value <0.0001 <0.0001 <0.001 0.062 <0.0001

Z00 Variance 1.023 3.8561° 4.007% 0.229 4.6227"°

% Repeatability 33.7 0.0 7.8 15.5 0.0

LLR test (d.f. = 1) 4.1 0.0 0.0 8.9 0.0

P-vaiue 0.043 0.948 1.00 0.003 0.999

Residual Variance 1.204 0.771 8.014 1.009 0.924

2 IDx V¥ Variance 3.730° 3.8567"° 1.632°% 7.951°% 44407
LLR test (d.f. =2) 0.162 0 0.022 0.029 0.587

P-value _ 0.688 1 0.881 0.864 0.444

Random effect Animal ID was nested within Zoo. The significance of a particular random effect was tested by comparing a mixed mode! including both random
effects to a mixed model excluding it using a likelihood ratio (LLR) test. Significant p-values - in bold - indicates that the addition of the random effect
improves the model fit. For details on the calculation of the behavioural components see Table 2.

* 1 = Model without the interaction between Animai ID and Number of visitors; 2 = Model including the interaction between Animal ID and Number of
visitors: only the results for the interaction are shown in this table.

° Estimation of the random effect associated variance

T Interaction between Animal ID and Number of Visitors.
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1.4 DISCUSSION

In this study, we used a reaction norm approach combining a principal component
analysis with linear mixed models to examine the global effect of zoo visitors on the
behaviour of captive lion-tailed macaques, and the relation between consistent individual
differences and the inter-individual variability of animals’ responses to a changing
environment. The PCA revealed five principal components representing axes of
behaviour: activity, tension, sociability, reactivity and aggressiveness. Activity, tension,
sociability and aggressiveness showed significant individual repeatability estimates,
indicating consistent differences among individuals for these traits. Macaques showed an
overall change in their activity, tension, sociability and aggressiveness in reaction to an
increasing number of visitors. In contrast, we could not find any evidence for significant
individual behavioural differences in the response to zoo visitors. Furthermore, the
behavioural adjustment to visitor attendance was modulated by age and temperature. Age
influenced the expression of activity and sociability, and temperature influenced the

expression of tension, sociability and aggressiveness.

1.4.1 Overall behavioural response to visitor attendance

The increase in global activity with increasing number of visitors found in this study is
consistent with results from other studies (Chamove, Hosey and Schaetzel, 1988; Hosey
and Druck, 1987; Mitchell et al., 1992b; Todd, Macdonald and Coleman, 2007; Wells,
2005). However in our study, this effect only emerged for older monkeys. Younger
individuals showed a decrease in activity with visitors. Interestingly, the interaction
between age and number of visitors was also significant for sociability. A reduction in the
frequency of affiliative social behaviours has been observed in other studies, regardless of
the age (Chamove, Hosey and Schaetzel, 1988; Glaston et al., 1984; Mitchell et al.,
1991a; Todd, Macdonald and Coleman, 2007; Wells, 2005; Wood, 1998). Here, old
monkeys reduced their sociability, but the reverse relationship occurred for younger
individuals. Therefore, in response to the increase in the number of visitors, older
monkeys seemed to substitute sociability for activity, whereas younger monkeys seemed
to substitute activity for sociability. Some authors have pointed out that the elevated

activity or excitation state caused by visitors could limit the time primates spend in
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important relaxation behaviours such as social activities (Chamove, Hosey and Schaetzel,
1988; Wells, 2005). From that perspective, the impact of zoo visitors on young lion-tailed
macaques would be desirable in term of welfare; while it would be negative for older
ones. Age-related differences in behaviour could modulate the response to environmental
complexity added by zoo visitors. For example, behavioural traits such as sensation and
novelty seeking, not measured in our study, are more frequent in adolescents than in
adults in both human and non-human primates (Spear, 2000). This higher interest in
surrounding sources of stimulation in young monkeys could lead them to perceive visitors
as a potential source of enrichment in a context of low environmental complexity
associated with stable captivity conditions. As stimulation seeking declines with age, the
presence of visitors could gradually be experienced as a perturbation by old individuals. It
is therefore recommended to include age differences in the study of the effects of visitors
on the behaviour and stress of captive primates. These results also suggest that zoo
enclosures should be designed with consideration for age specific stimulation needs.
Since environmental complexity and exploration possibilities in zoos are limited, younger
monkeys could benefit from exhibit areas that allow safe proximity to visitors. These
enclosures should also include isolated areas that allow animals to stay away from visitors

to favour social activities in older monkeys.

Tension increased more strongly with the number of visitors at low than at high
temperature. The reverse pattern was observed for aggressiveness: there was a small
increase with the number of visitors at high temperature, but a large decrease at low
temperature. In macaques, low temperatures favour physical proximity for social
thermoregulation (Schino and Troisi, 1990; Ventura et al., 2005). Accordingly, in our
study, temperature was negatively linked to sociability, which included proximity
between individuals. It is likely that the need for thermoregulation imposes a physical
proximity on macaques that counteract the effects caused by the presence of visitors. In
these conditions, the monkeys may cope with the public by using displacement activities,
such as tension yawning or self-grooming (Maestripieri e al., 1992; Schino et al., 1996),
two behaviour variables that mainly characterised the tension component. The reasons
why aggressiveness decreased in the same conditions remains uncertain. Usually, an
increase of displacement activities is not linked to the rate of aggression in crowded

conditions (Judge, Griffaton and Fincke, 2006). It would be possible that, while managing



a conflict between physical proximity and avoidance of the visitors, monkeys may have
allocated more attention on self-directed behaviours than on potential sources of inter-
individual conflicts. The decrease in aggressiveness may also help maintaining social
cohesion at low temperature while potential sources of conflict associated to the visitor
presence increase. It should be noted, though, that the aggressiveness component
explicative power is low, and only explained 7.6% of the total variance in the PCA. Even
if the increase in tension suggests that visitors impose a mild stress on macaque, these
results are too ambiguous to confirm a stressful effect of the public. Nevertheless,
temperature seems to modulate the expression of the behaviour and should be considered

when assessing the visitor effect.

Sex was never linked to avisitor effect, but had a significant influence on the tension
component through its interaction with age. On average, males scored higher on tension
than females, and their scores increased with age, while it decreased slightly in females.
Yawning behaviour had the most important loading on the tension component in our
PCA. Yawning is typically performed more frequently by adult males to express a state of
mild tension, often after light coercive conflicts (Deputte, 1994; Hadidian, 1980; Troisi et
al., 1990).

We did not measure direct indices of welfare, and our results cannot clearly confirm or
reject the possibility of a stressful effect of the public in zoos. Still, we showed that the
behaviour of captive macaques was modified by the presence of zoo visitors, and that age
and temperature should be considered when studying the effects of visitors on the
behaviour and welfare of captive primates. While the increase in the sociability axis in
young macaques is probably desirable in terms of welfare (Davey, 2007), the increase in
activity and the decrease in sociability in old individuals suggest a negative effect. The
elevation in the expression of tension at low temperature also supports that visitors could
be mildly stressful, but the associated decrease of aggressiveness prevents us from

validating this affirmation.
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1.4.2 Individual consistency and behavioural response to zoo visitors

The behavioural components found in this study are similar to axes of personality found
in other species (Capitanio, 2004; Réale ef al., 2007a). With repeatabilities ranging from
5.2% t0 26.6% (see Table 1.5), our study shows that individual macaques differ
consistently in their activity, tension, sociability and aggressiveness, suggesting four
personality traits. Only reactivity did not show a significant repeatability (repeatability =
5.2%, p = 0.062) and was not related to sex, age, temperature or visitors. In contrast,
reactivity was the only behavioural component that showed a significant zoo effect. Some
unmeasured variables associated with social structures, environmental conditions and
shared developmental effects or matrilines could be responsible for these zoo differences.
Other studies have usually shown individual reactivity differences using experimental
designs that elicit a coping response (Boissy, 1995; Bolig e al., 1992; Koolhaas et al.,
1999). 1t is possible that our ethological protocol was not sensitive enough to reveal
differences in this trait at the individual level, and that a controlled or more meaningful
event than the presence of visitors would have been more appropriate to generate the

behavioural responses that would allow these differences to be detected.

Individual behavioural differences in activity, tension, sociability and aggressiveness
remained after controlling for the influence of age, sex, temperature, visitor abundance,
and zoo. Because social status is an important determinant of behaviour in macaque
societies, we also wanted to make sure that these behavioural axes were not the
expression of social rank rather than personality traits. We evaluated the correlation
between the individual values of dominance and personality (see Appendix B for a
description of methods and results). Only the aggressiveness component was significantly
related to rank (r = 0.44, p = 0.045). Some studies on primates have found a link between
aggressiveness as a personality trait and dominance rank (Anestis, 2005; Rouff, Sussman
and Strube, 2005), but it remains unclear whether aggressive personalities favour the
achievement of a high social status, or if a high dominance rank allows individuals to use
aggressive behaviours more frequently without risking the potential cost of retaliation
from a dominant individual. So far, few studies have demonstrated that personality traits
can contribute to the attainment of high social rank in primates. For example, socially

impulsive adolescent male vervet monkeys (Cercopithecus aethiops) are more likely to
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achieve a high dominance rank after emigration to another group at adulthood (Fairbanks
et al., 2004a). On the other hand, in nepotistic macaque societies, the rank of resident
females and pre-emigrating juvenile males is mostly inherited through matrilines (Datta,
1983). Thus, the variation in aggressiveness between individuals probably does not
emerge solely from the close genetic and developmental individual differences that
underline aggressive personalities, but also from privileges arising from socially inherited

position in the hierarchical structure (Clarke and Boinski, 1995).

We found no individual differences in behavioural response to visitors. While some
studies have demonstrated IxE differences in various environmental contexts, others have
shown that a carry-over of the individual differences tend to be favoured over a weaker
pattern of IXE (for a review, see Dingemanse ef al., in prep.). Consistency and plasticity
are generally considered to be the results of an evolutionary trade-off between the high
costs of versatile plasticity mechanisms (i.e. elaborate sensory systems, information
processing, regulatory processes and response mechanisms) and the lower costs of limited
adaptability to environmental variation (Briffa, Rundle and Fryer, 2008; DeWitt, Sih and
Wilson, 1998; Sih er al., 2004). The pattern of behavioural variation found here suggests
that selection could act on personality rather than on individual differences in behavioural
plasticity. In zoo settings, or other captive habitats, environmental variation is limited and
does not fully represent the complex range of situation for which behavioural traits have
evolved (Carlstead, 1996; Elsbeth McPhee, 2004). On the other hand, captive
environments create new environmental conditions to which wild animals are not fully
adapted (McDougall et al.,, 2006). Thus, animals displaying personality types adapted to
the wild, such as high aggressiveness or low docility, could be selected against by
artificial or natural selection in particular captive conditions (Carlstead, 1996; McDougall
et al., 2006). The continuous attendance of visitors has been shown to increase the
production of stress hormones (Davis, Schaffner and Smith, 2005; Wehnelt et al., 2004),
which in turn can affect reproduction or sensitiveness to diseases (Boonstra, 2005;
Honess and Marin, 2006). Further investigation is needed to determine the impact of zoo

settings on the behaviour and rapid evolution of captive animals.



40

1.4.3 Observational methods and the study of personality

Many studies have used a trait rating method — or subjective assessment — to quantify
consistent differences between individuals in non-human primates and other taxa (Bolig
et al., 1992; Capitanio, 1999; Carlstead, Mellen and Kleiman, 1999; Gosling, 1998;
Gosling and John, 1999; King and Figueredo, 1997; Kuhar et al., 2006; Stevenson-Hinde
and Zunz, 1978; Vazire et al., 2007). This method consists of asking people to rate
familiar animals for a series of behavioural adjectives. The adjectives are then selected on
the basis of significant inter-raters agreement and reliability, and then included in a
multivariate analysis, which reveals suites of correlated adjectives that represent
personality dimensions (Gosling, 2001; Vazire er al., 2007). With this approach each
animal is rated only once by each rater, and each observer bases his rating on his general
impression about the animal. The trait rating is therefore a character state approach that
provides a fixed portrait of the animal’s personality structure regardless of environmental
variation. Thus, it cannot be used to measure-individual differences in behavioural
plasticity. In our study, we choose to use a reaction norm approach with an observational
method where animals are observed in a non-manipulated habitat. By measuring an
individual’s behaviour on several occasions in a varying environment, it is possible to
analyse individual behavioural differences as a function of changes in the environment.
This method allows us to assess the relative importance of consistency and plasticity of
behaviour and provide a more complete description of the between individual variation
(Dingemanse ef al., in prep.). A reaction norm approach then offers three main
advantages over a subjective method. 1) It can underline the kind of variation potentially
targeted by selection (i.e. personality and/or individual plasticity). 2) It allows analysis of
the ecological role of a behaviour trait. 3) It provides a more elaborate portrait of
structure of individual variation, for example by allowing the investigation of the
potential correlation between personality traits and traits that show individual plasticity

differences (Dingemanse ef al., in prep.).

With a subjective method, trait rating is done on a small relative scale (a Likert-type scale
that usually extends from 1 to 7), and the raters are encouraged to use the full scale to
extract enough variance for individual differences to emerge. Because the entire scale is

covered, the scores may be standardized between populations and studies, making the
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comparison between populations and/or studies difficult or less meaningful. Using an
objective approach, the populations can be efficiently compared on the basis of
behavioural frequencies (Rouff, Sussman and Strube, 2005). Then, interesting questions
can be raised on the potential environmental, social or genetic sources of the inter-
population differences on the distribution of personality traits or plasticity differences. An
adequate measure of inter-population variation in multi-group studies also allows
isolating the variance that belongs to the populations to obtain a more precise assessment
of the inter-individual variance. This can be done, for instance, using mixed models with

individuals’ ID nested in their population.

Objective observations of species-specific behaviour minimize the anthropogenic bias
that could be generated by the interaction between the rater’s subjectivity and the
definition of behavioural adjectives that are frequently used in the common language to
describe human personality. In addition, while rating a trait, the observer could be
subjectively influenced by many characteristics of the animals, such as sex, age, rank,
weight, and so on. Although it is not possible to completely eliminate any bias from
behavioural observations, an objective method allows correcting for these characteristics
by separating the behavioural variance associated to some shared individual features from
the variance associated toan ID effect. The measure of the individual variation is then
refined and is not merged to other individual variables that might be shared between
animals. For these reasons, we think, that a reaction norm approach provides many
advantages over a trait rating approach, and that an objective method should be preferred
in future studies on the ecological and evolutionary role of behavioural individual

differences in animals.
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1.5 CONCLUSION

As many primates and other animals’ natural habitats continue to decline, zoos are
playing an increasing role as a rare species reservoir (Balmford, Mace and Leader-
Williams, 1996; Wheater, 1995). Considering individual variation in enclosure design and
animal management would enhance conservation strategies by helping us understand
welfare issues and the short term evolutionary effects associated with the zoo
environment, particularly if populations are to be reintroduced in the wild after several
generations in captivity (McDougall et al., 2006). Our study shows, for instance, that
some age-related behavioural variation influences the reaction to a particular aspect of the
zoo environments, the chronic presence of unfamiliar humans, and that this effect should
be taken into account when designing captive habitats. We did not demonstrate the
existence of individual differences in plastic response to visitors. However, such variation
could exist for the behaviour traits identified here in relation to other environmental
variables relevant to captivity, such as restricted space or management procedures. We
think that the reaction norm approach and the objective observational method used in our
study provide an excellent theoretical and methodological framework on which it is
possible to further investigate the impact of zoo settings and other captive environment

features on the behaviour and rapid evolution of animals in captivity.



CONCLUSION GENERALE

Le premier objectif de ce mémoire €tait de proposer une méthode d’évaluation de la
personnalité animale qui permet de quantifier les différences de comportement entre
individus, mais également de comparer les réponses comportementales individuelles a
une variation environnementale continue. Jusqu’a présent, beaucoup d’efforts ont été
investis dans le but de valider et promouvoir ’utilisation de méthodes subjectives,
insistant sur leurs évantages pratiques, leur degré élevé de fiabilité et sur leur capacité
d’éliminer le «bruit» ou la variance introduite dans les mesures par les variables
environnementales non contrélées (Gosling, 2001; Uher, 2008a; Vazire et al., 2007,
Wemelsfelder, 1997). Toutefois, c¢’est justement ce bruit qui permet d’analyser les traits
de personnalité dans un environnement dynamique. En évitant de considérer les
interactions entre les individus et I’environnement, les méthodes subjectives abordent la
personnalité en tant que collection de caractéres stables. Cependant, les études en
écologie montrent qu’en dépit de leurs différences stables dans le temps et entre les

_situations, les individus d'une méme population peuvent montrer des différences de
plasticité comportementale en réponse aux changements de I’environnement (Koolhaas et
al., 1999; Wolf, van Doom and Weissing, 2008). Ainsi caractériser la personnalité d’un
individu dans un contexte trop général, en négligeant les ajustements possibles de cet
individu face aux changements de I’environnement, limite notre capacité & comprendre
les mécanismes adaptatifs observables dans une population. Les études de la personnalité
animale qui tentent de définir sa fonction écologique, son potentiel évolutif et la variation
dans I’expression des traits plutdt que sa structure psychologique devraient donc plut6t
adopter une approche objective qui prend en compte le contexte environnemental dans
lequel les traits sont exprimés (Dingemanse et al., in prep.; Dingemanse and Réale, 2005;
Réale et al., 2007a; Sih efal., 2004).

Les résultats présentés au chapitre 1 démontrent qu’il est possible, en utilisant une
approche par normes de réaction, de déterminer I’influence de variables
environnementales sur I’expression des comportements et d’en corriger I’effet pour
obtenir une mesure précise du degré de variation interindividuelle. Par contre, nos valeurs
de reproductibilité relativement faibles illustrent les effets possibles de variables

environnementales non contrélée sur la diminution du pouvoir de détection de la
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constance des différences comportementales interindividuelles. L’utilisation de modeéles
mixtes permet de corriger une partie de cette variation en intégrant des effets fixes tels
que le nombre de visiteurs ou la température. 1 est cependant possible que nous ayons
omis certaines variables environnementales affectant le comportement des animaux (ex. :
caractéristiques des enclos, structure sociale) et qui augmenteraient le bruit de fond
(variance résiduelle) dans notre étude. Les modeles mixtes ont aussi permis de corriger
pour certains attributs individuels (sexe et ge). Considérant qu’il est difficile de mesurer
le degré d’influence de ces facteurs sur la perception et |’évaluation de I’observateur,
cette correction aurait été irréalisable avec une approche subjective. Par exemple,
I’important contraste d’activité entre les individus jeunes et 4gés pourrait dissimuler les
différences interindividuelies souvent plus subtiles mais réelles au sein d’une méme
catégorie d’age. Donc, en plus de minimiser les biais anthropomorphiques, cette
correction aide a raffiner la mesure de variabilité interindividuelle en séparant la
variabilité attribuable a 1’identité de I’individu de celle due aux caractéristiques partagées

par d’autres, notamment le sexe et 1’age.

Une évaluation objective des différences comportementales basée sur la fréquence
d’expression des comportements plutdt que sur une échelle psychométrique relative de
type Likert (généralement de [ a 7) évite d’uniformiser artificiellement la variance et ia
moyenne entre les populations. Elle permet donc une comparaison plus juste entre les
groupes d’une méme espéce qui peut étre effectuée sur la base d’occurrences réelles de
comportement plutét qu’uniquement en comparant des distributions de variance. Ainsi, il
pourrait étre possible de déterminer, par exemple, que la fréquence d’agression est plus
importante dans un groupe que dans un autre, en plus de mettre en évidence les
différences individuelles d’agressivité au sein de chaque groupe isolément. En incluant
les zoos aux modéles et en nichant les animaux dans ceux-ci, nous avons pu montrer
I’existence de différences significatives de réactivité entre les groupes, quoique des
différences stables entre individus aient €té absentes. Toutefois, I’objectif de notre étude
n’était pas de comparer les zoos (voir plus bas). Dans un autre contexte, cette méthode
pourrait permettre de mettre en relation les différentes distributions de traits de
personnalité dans diverses populations avec les conditions environnementales et
génétiques particuliéres a chacune d’elles. En revanche, parce que leur systéme de

cotation relative tend & standardiser les scores entre les groupes, les méthodes subjectives
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ne permettent qu’une analyse des différences individuelles de personnalité au sein d’une

seule population.

En plus des différences de personnalité, une approche par normes de réaction permet de
faire ressortir des patrons individuels stables de réponse aux changements de
P’environnement qui ne pourraient étre discernés si seule la réaction globale de la
population était étudiée. Contrairement a une approche subjective, elle évite de considérer
a priori qu’un trait qui ne montre pas de différences stables entre les individus (dans le
temps et les variations environnementales) est exprimé de la méme fagon par toute la
population. En effet, il serait difficile avec une approche subjective d’estimer les
différences interindividuelles pour un trait qui présenterait une forte interaction IxE tel
que dans la figure 1c. Aumieux, les évaluateurs ne distingueraient pas ces différences ou,
au pire, attribueraient un rang biaisé aux individus si leur évaluation est influencée par
certaines condition environnementales. Conséquemment, I’examen des normes de
réaction peut mettre en €vidence le type de variabilité sur laquelle les pressions
environnementales et éventuellement |a sélection peuvent agir (Brommer ef al., 2005;
Dingemanse e/ al., in prep.; Nussey, Wilson and Brommer, 2007). Dans notre étude, les
modeles ont indiqué la présence de différences de personnalité sur quatre des cing axes
comportementaux ressortis de I’analyse en composante principale (activité, tension,
sociabilité, agressivité). En revanche, bien que ces quatre comportements changent
globalement avec les variations de visiteurs, les macaques n’ont pas montré de
différences interindividuelles de réaction au public. 11 est donc impossible d’affirmer que
le public ait agi comme pression environnementale susceptible d’entrainer des réponses et
des conséquences variables selon I’individu en dehors des simples différences dues a
I’4ge et au sexe. De la méme manicére, il est impossible de déterminer pourquoi des
différences individuelles de réaction aux visiteurs étaient absentes. Cette limitation de la
plasticité comportementale au niveau individuel a par ailleurs déja été soulevée par
d’autres études (Briffa, Rundle and Fryer, 2008; Dingemanse ef al., in prep.; Martin and
Réale, 2008). Certains auteurs ont suggéré que les différences de personnalité pourraient
apparaitre en raison des colts élevés associés au maintien des mécanismes biologiques
responsables de la plasticité phénotypique (Briffa, Rundle and Fryer, 2008; DeWitt, Sih
and Wilson, 1998; Sih, Bell and Johnson, 2004). Ces différences seraient maintenues

puisque différents types de personnalité pourraient constituer des réponses adaptées a
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différentes conditions environnementales (Dingemanse ef al., in prep.; Sih, Bell and
Johnson, 2004). En vue d’analyser les conséquences évolutives des conditions de
captivité sur la distribution des traits de personnalité dans les populations d’animaux de
00, une étape ultérieure pourrait consister a évaluer I’association entre traits de
personnalité et certains traits d’histoire de vie pertinents dans une optique de conservation
(longévité, age a la premiere reproduction, maladies, blessures, etc.). Cette relation entre
personnalité et traits d’histoire de vie pourrait étre approfondie en fonction de divers
paramétres environnementaux comme 1’achalandage, les caractéristiques physiques des
enclos, la composition des groupes, les techniques d’approvisionnement en nourriture,

etc. (Carlstead, 1996; Carlstead et al., 1999; Wielebnowski, 1999).

Quatre axes comportementaux ont pu étre considérés comme des traits de personnalité :
activité, tension, sociabilité et agressivité. Des différences individuelles ont souvent été
rapportées sur ces mémes axes chez les primates et d’autres taxa (Capitanio, 2004; Réale
et al., 2007a; Smith and Blumstein, 2008). Toutefois, les études en personnalité animale
utilisent souvent des méthodologies variables, rendant difficiles ies comparaisons inter et
intraspécifiques, et par le fait méme les méta-analyses. Elles échantillonnent des éléments
comportementaux de nature sensiblement distincte pour les inclure dans des analyses
multivariées de type parfois différent. Ces études obtiennent alors des variables
synthétiques qu’elles identifient ultimement par des terminologies souvent communes,
bien qu’elles soient composées d’un assemblage de comportements ou qualificatifs
comportementaux uniques et particuliers a chacune d’elle. Notre étude ne résout pas ces
problémes, essentiellement en raison du large éventail de comportements échantillonnés
et du recours a I’analyse en composante principale. Des efforts sont parfois faits pour
limiter les niveaux d’interprétation et les problémes terminologiques (Uher, 2008b; Uher
and Asendorpf, 2008), mais I’étude de la personnalité animale bénéficierait d’une
approche basée sur un plus petit nombre de comportements afin d’éviter |’ utilisation
d’analyses multivariées et de favoriser une terminologie exempte d’ambiguité.
Idéalement, ces comportements devraient étre choisis selon les especes en fonction de
leur degré de reproductibilité et de leur lien avec des déterminants génétiques et

physiologiques (Réale ef al., 2007a).
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Inclure I’identité des zooscomme effet aléatoire dans les modéles mixtes a permis de
quantifier la variance créée par des variables environnementales non mesurées. Ici, I’ajout
des zoos dans les modeles avait pour but de controler leurs effets potentiels afin d’obtenir
une valeur plus précise dela variance attribuable a I’identité des individus, et non de
comparer I’influence des caractéristiques des enclos sur I’expression des comportements.
L’effet zoo s’est néanmoins avéré significatif sur la composante de réactivité, un trait
caractérisant habituellement la réaction au stress (Koolhaas et al., 1999). Comme I’étude
n’incluait que trois zoos, il serait hasardeux de conclure qu’une certaine institution
produit davantage de stress chez ses pensionnaires que les autres, d’autant plus que la
variance associée au zoo est trop imprécise et que des indicateurs adéquats de stress n’ont
pas été mesurés. Dans un objectif d’optimisation des habitats de captivité, une étude qui
inclurait un nombre supérieur d’institutions et qui détaillerait davantage les parametres
d’accessibilité du public aux animaux permettrait, en utilisant la méme procédure
statistique, d’estimer les normes de réaction associ€es aux zoos. Il serait alors possible de
comparer les pentes de laréponse aux visiteurs spécifique a chaque zoo et de déterminer
quelle configuration d’enclos réduit les effets indésirables des fluctuations de public sur

le comportement des animaux captifs.

Le second volet visait & définir les réponses comportementales a la présence de visiteurs
chez les macaques a queue de lion et a examiner I’influence de différentes
caractéristiques individuelles sur ces réponses. Des réponses significatives aux visiteurs
ont été observées pour quatre comportements, mais elles €taient toujours modulées par
d’autres facteurs. Tel qu’anticipé, le sexe n’a pas influencé la réponse des singes aux
visiteurs. En revanche, 1a contribution principale de ’étude a été de montrer que ’4ge
semble jouer un role déterminant dans la réaction des macaques au public sur le plan de
I’activité locomotrice et de la sociabilité. Les études sur I’influence du public notent
qu’avec une hausse de la quantité de visiteurs, ’activité des primates augmente et la
sociabilité diminue (Chamove, Hosey and Schaetzel, 1988; Cooke and Schillaci, 2007;
Glaston et al., 1984; Hosey and Druck, 1987; Mallapur, Sinha and Waran, 2005; Mitchell
et al., 1991a; Mitchell ef al., 1992b; Todd, Macdonald and Coleman, 2007; Wells, 2005;
Wood, 1998). Cette effet de réduction du temps de repos est généralement considéré
négatif (Chamove, Hosey and Schaetzel, 1988; Wells, 2005). Ici, ce méme patron

d’ajustement comportemental a été trouvé chez les individus 4gés. Mais a I’inverse, les
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jeunes singes réduisaient leur activité et augmentaient leur sociabilité, ce qui suggére
plutot un‘ effet enrichissant du public. Cette différence de réaction en fonction de I’age
correspond aux attentes énumérées dans les objectifs du mémoire. Chez les humains
comme chez les primates non humains, le passage a I’age adulte s’accompagne de
changements biologiques qui atténuent les comportements de recherche de stimulations
(Spear, 2000). Alors que le public semble représenter une source intéressante de
complexité environnementale pour les jeunes macaques, il pourrait étre pergu comme une
perturbation d’habitat par les individus adultes. Ces résultats suggérent 1) que I’age
devrait toujours étre considéré dans I’étude de I’effet du public sur le bien-étre des
animaux de zoo, en particulier des primates ; 2) que les enclos de zoo auraient avantage a
sectoriser ]’habitat de maniére a inclure des zones de rapprochement sécuritaire entre les

macaques et le public ainsi que des zones qui permettent I’isolement des animaux.

La température a également influencé la tension et I’agressivité, A faible température, la
tension a augmenté avec le nombre de visiteurs alors que I’agressivité a diminué. Le
phénomene contraire a été observé & température élevée, mais faiblement. Ces résultats
peuvent étre interprétés a travers la hausse de proximité entrainée par les températures
froides. Pour favoriser Ja thermorégulation, les macaques se rassemblent et augmentent
leur agrégation (Ventura et al., 2005). Dans notre étude, la sociabilité était en effet
inversement corrélée avec la température. Cette contrainte de proximité physique
interindividuelle liée & la thermorégulation pourrait limiter I’utilisation de stratégies
d’évitement des visiteurs et favoriser leur substitution par des activités de déplacement
généralement associés a un état de dilemme ou d’inconfort psychologique (Maestripieri e/
al., 1992). Ce type de comportements autodirigés caractérise effectivement la composante
de tension (ex. : auto épouillage, billement de tension). Par ailleurs, il est possible qu’en
condition de proximité et d’achalandage ¢levée, I"attention des macaques soit davantage
sollicitée par le dilemme entre évitement du public et thermorégulation plutdt que par les
conflits entre individus du groupe. Cet élément pourrait expliquer la diminution
d’agressivité parali¢le a la hausse de tension. Bien que cette interprétation reste
incertaine, elle suggére que les visiteurs puissent représenter une légére source de
perturbation environnementale pour les macaques, particuliérement en conditions de
proximité physique. Toutefois, il est & noter que la composante d’agressivité n’explique

que 7,6 % de la variance comportementale et que sa puissance explicative demeure
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relativement faible. 1| semble néanmoins que I’effet du public sur le comportement des

animaux différe selon les conditions de I’environnement.

Les zoos seront de plus en plus appelés a jouer un réle de réservoir de biodiversité. Mais
leur survie dépend d’abord de leur rentabilité économique et de la satisfaction des besoins
de leurs clients. La qualité de I’expérience des visiteurs ne dépend pas uniquement de la
possibilité d’observer des animaux actifs, mais également de la perception qu’a le public
du bien-étre des pensionnaires et de la richesse de leurs habitats. Par exemple, les
visiteurs demeurent plus longtemps devant un habitat complexe et d’apparence naturel,
méme s’ils ont de la difficulté a discerner ses occupants (Bitgood, Patterson and
Benefield, 1988; Davey, 2006a). Les objectifs de rentabilité ne devraient donc pas entrer
en conflit avec |’élaboration de mesures parfois colteuses qui, en améliorant le milieu des
animaux captifs, favorisent du méme coup les probabilités de succés des programmes de
conservation. Un nombre croissant d’études dénotent des effets plus ou moins négatifs de
la présence de visiteurs. Pour I’instant, la vaste majorité d’entre elles se sont concentrées
sur les primates (Hosey, 2000), probablement en raison de leur répertoire comportemental
varié et de leur propension a interagir avec les humains. D’autres espéces pourraient par
contre faire preuve d’une capacité d’habituation plus réduite 4 la présence chronique
d’humains non familiers. Les ressources allouées a la conservation étant limitées, les
efforts scientifiques futures devront cibler des espeéces sensibles (Balmford, Mace and
Leader-Williams, 1996), et non uniquement charismatiques, afin d’optimiser
’applicabilité des résultats de recherche sur I’effet des visiteurs, mais plus largement sur
I’impact des environnements de captivité sur le comportement et la biologie des animaux

de zoo.



APPENDICE A

BEHAVIOURAL OBSERVATION GRID
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Date:
Time:

1. Number of Visitors
In group
Alone
Rest

Forage

2.

3.

4.

5.

6. Visual scan
7. Allo-groom
8. Self-groom
9. Play

10. Play with object
11. Fast movement
12. Slow movement
13. Scratch

14. Welcoming

15. Non-Welcoming
16. Approach

17. Distant Approach
18. Initiate play

19. Open to interact
20. Refuse to interact
21.ROM

22. Hug

23. Following

24. Assault

25. Chase

Animal
Zoo:

10



Date: Animal
Time: Zoo:

1 2
26. Food stealing
27. Supplant
38. Mount
29. Parade

30. Low Threat
31. Tension Yawn
32. Flee

33. Give up space
34. Receive mount
35. Present

36. Fear grin

37. Lip-smack

38. Silent bared teeth
39. Reactive

40. Aware

41. Unaware

42, Avoid steal attempt
43. Inspect

44, Interpose

45, Seek support
46. Abnormal

47. Beg

48. Masturbate

49. Mate

50. Persistent

53

* The observation grid was initially condensed on one page. Here, it is presented on two

pages for reading convenience.



APPENDICE B

EVALUATION OF SOCIAL RANK AND CORRELATION TO PERSONALITY
TRAITS

Personality traits such as aggressiveness, social competence and social impulsivity could
favour the achievement of high ranks in primates (Anestis, 2005; Fairbanks et al., 2004a;
McGuire, Raleigh and Pollack, 1994; Rouff, Sussman and Strube, 2005; Sapolsky, 1990).
To investigate whether personality and behavioural plasticity in response to zoo visitors
were associated with dominance status in our study, we calculated the social rank of
every monkey. A dominance matrix was created in each group by recording the outcome
of agonistic dyadic encounters following Singh et al. (2006). We noted the occurrence of
threat, chase, attack, mount and displacement as dominant behaviours; and present for
mount, lipsmack and avoidance as subordinate behaviours. These observations were
recorded continuously during the observation sessions described in chapter 1. We used
Matman version 3.1 to determine the dominance structure of each zoo sample
independently. This procedure allowed us to create a linear or near-linear hierarchical
structure using dyadic encounter information and tolerates unavailable or equal ranks (De
Vries, 1998). To be able to compare the ranks of individuals from different social groups,
we calculated arelative dominance rank for each animal using the formula : 1 - (rank/
Ni), where Ni is the number of individual in a zoo sample (C6té, 2000). The dominance

ranks then varied from 0 (subordinate) to 1 (dominant).

We built behaviour profiles for individuals using the dominance rank and individual
elevation for each behavioural trait in the PCA (see methods) using best linear unbiased
predictors (BLUPs) of the random effect Animal 1D. BLUPs are independent of other
terms in the model, standardized to a mean of zero (Kruuk, 2004) and represents a more
appropriate estimate of an individual’s behaviour than the mean of all measures for that

individual (Martin and Réale, 2008).

We calculated the Pearsons’ product-moment correlation between dominance and BLUPs

for the four behavioural components that showed significant individual effects: activity,
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tension, sociability, and aggressiveness. Results are shown in Table B.1. Aggressiveness

was positively and significantly related to dominance rank.

Table B.1
Pearson’s product-moment correlation between dominance rank and individual BLUPs of four
behavioural components in lion-tailed macaques of three North-American zoos

Principal Component

PC1 PC2 PC3 PC5
Activity Tension Sociability Aggressiveness
r -0.297 0.145 -0.373 0.441
! -1.354 0.640 -1.750 2.142
p 0.192 0.530 0.096 0.045

All the tests were run with 19 degrees of freedom. Significant correlations are in bold. Animals
from the PPC were excluded from these analyses.

r = Pearson's product-moment correlation coefficient

1= Value of the 1 test statistic

p = P-values of the 7 test
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