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Simple Summary: Time-activity budgets describe how animals divide their day into various behaviours and activities, e.g., time spent foraging or resting. Activity budgets can serve as crucial
indicators of energy intake and expenditure, providing better knowledge of a species’ lifestyle. The
conventional trend has been to explore group-level time-activity budgets; however, individuals may
also vary in their time-activity budgets (e.g., one individual foraging more than another), with the
influencing mechanisms still poorly understood. We propose that animal personality, a behavioural
and cognitive profile that makes one individual different from another, may explain why individuals
vary in their time-activity budgets. We used a multi-method approach comprised of behavioural
observations and experiments to assess the personality traits of lion-tailed macaques. The observed
traits were used to predict individual time-activity budgets, broadly categorised into food-related,
active, and resting behaviours. We then discuss the significance of this novel approach in light of
lion-tailed macaque ecology, conservation, and welfare.
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Abstract: Time-activity budget, i.e., how a population or an individual divides their day into various
behaviours and activities, is an important ecological aspect. Existing research primarily focused
on group-level time-activity budgets, while individual variations have only been reported recently.
However, little is known about how consistent inter-individual differences or personalities influence
time-activity budgets. We examined the personalities of lion-tailed macaques (Macaca silenus) and
investigated their influence on individual time-activity budgets. The resulting personality traits,
namely persistence, sociability, affiliation, and anxiety, were used to predict the three broad categories
of the time-activity budget—food-related, active, and resting behaviours. We found that persistence
and sociability positively predicted the time spent being active. Food-related behaviours were
positively predicted by persistence, while anxiety was found to influence them negatively. The time
spent resting was negatively predicted by persistence. We did not find an effect of affiliation on the
time-activity budgets. We discuss these findings in light of the ecology of lion-tailed macaques. Our
study highlights the importance of a novel approach that uses animal personality traits as predictors
of individual time-activity budgets and offers insights regarding the use of personality assessments
in conservation and welfare activities.
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1. Introduction
For many species, time-activity budgets are used to construct a comprehensive
overview of behaviour (e.g., [1–8]). A time-activity budget illustrates the percentages
of time spent on various behaviours and activities and provides insights into the relative
importance of behaviours concerning energy expenditure and intake [9]. Time-activity
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budgets often contain behavioural components related to feeding, activity, and resting.
These behaviours, and food-related behaviour in particular, regulate the energy available
to an individual and are thus crucial to growth, reproduction, and survival. In a number
of species, a larger energy budget due to increased food consumption resulted in a higher
growth rate [10–13]. In addition, an increase in dietary energy improved reproduction
efficiency in Indonesian Kosta goats in terms of pregnancy length, age of puberty, and litter
size [14]. Additionally, longer foraging bouts in breeding Cape gannets (Morus capensis)
were linked to a higher chick survival rate [12].
The existing research focused primarily on group or species-level time-activity budgets
(e.g., [15–18]), while little information exists at the individual level. Variations in individual
time-activity budgets have been reported in social species, indicating differences in fitness;
however, the underlying mechanisms are still poorly understood (see [19]). Moreover,
classic individual characteristics such as sex, age, and dominance rank relationships could
not explain variations clearly [16,20]. Here, we propose a novel approach of using consistent inter-individual differences in behaviour or “personalities” as a potential driver
of individual time-activity budgets in animals. Investigating individual-level responses
can help understand the ecological processes and fitness consequences better than simply
representing a “species-typical pattern”.
Inter-individual behavioural variation has been documented across many taxa, including birds [21], reptiles [22], fish [23], amphibians [24], and mammals [25]. When such
behavioural variations are consistent over time and context, they may be ascribed to personalities [26,27]. The five major axes of animal personality include boldness, exploration,
aggressiveness, activity, and sociability [27], although there is considerable variation in
how many traits animals portray and which behaviours are included within a trait [28].
For example, in primates, some additional traits have been described: i.e., fearfulness,
anxiousness, playfulness, and persistence [29].
Animal personalities have considerable evolutionary significance as they influence
survival [30,31], reproductive success [31,32], and growth rate [33–35]. Moreover, previous
studies have generated some evidence regarding the influence of animal personalities
on specific components of time-activity budgets. For example, foraging behaviour was
found to be impacted by boldness in fallow deer (Dama dama) [36], barnacle geese (Branta
leucopsis) [37], and fish species [38]. Furthermore, links between personalities and resting
metabolic rates, i.e., energy spent for resting and activities, have been reported in a number
of species [39,40]. Nevertheless, to our knowledge, personality traits have never been
applied to predict variations in individual time-activity budgets at an extensive scale. In
this study, we assessed the personality traits of lion-tailed macaques (Macaca silenus) and
used them as predictors of individual time-activity budgets.
Lion-tailed macaques are a highly relevant species for investigating time-activity
budgets due to their endangered and habitat-specialist status. They are distributed across
the southwestern region of India (Western Ghats) and have been experiencing intense
anthropogenic pressure [41]. The lion-tailed macaque’s habitat is severely fragmented, with
its quality continuing to decline [42,43], and these disruptions can be highly challenging
for their survival [44,45]. The disturbance caused by anthropogenic activities can alter
time-activity budgets [46–49]. For example, low habitat quality forced Barbary macaques
(Macaca sylvanus), a species rather closely related to lion-tailed macaques, to spend more
time collecting sufficient resources at the cost of resting [17]. Therefore, time-activity
budgets may also help us understand the adaptation to changing habitats [9,50].
Dhawale et al. [51] have shown that lion-tailed macaques alter their behaviour depending upon the degree of anthropogenic activities. They found that aggressive behaviours
were more often displayed in forest patches cleared of vegetation as compared to the forest
interior. In human-dominated habitats, individuals exhibited short grooming duration and
low reciprocity, suggesting a disrupted affiliative structure within the group. Furthermore,
a decline in the foraging behaviour was reported in habitats with human resources. Interestingly, they found significant inter-individual variations in the behavioural responses,
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but neither dominance rank nor sex could explain it [51]. Other potential drivers for this
variation, such as personality, remain to be tested. Based on behavioural observations of
lion-tailed macaques, three personality dimensions are known—(i) extraversion, including
affiliative and sociable behaviours, (ii) agonistic, and (iii) curiosity, including bold and
cautious behaviours [52].
In this study, we used a multi-method approach comprised of behavioural observations and experiments to determine the personality traits of two captive lion-tailed
macaque groups (total n = 11). Independent of the personality data, we conducted separate behavioural observations to calculate the time-activity budgets of the individual
animals. The time-activity budget was broadly classified into food-related, active, and
resting behaviours. Given that animal personalities are individual behavioural and cognitive constructs that make one individual different from another, we hypothesized that it
might also influence the time spent on specific behaviours and thus explain the variation
in time-activity budgets. Using our combined approach, we expect to gain information
on the personality traits of lion-tailed macaques, especially on their explorative and persistent behaviours [53]. As a result of our multi-method approach of observations and
experiments, the observed personality traits in our study might differ from the previously
reported ones in lion-tailed macaques. Therefore, informed predictions are difficult to
make beforehand. However, we predict food-related and activity-related behaviour to be
performed more by individuals scoring high on extraversion traits as it has been shown that
individuals prone to being sociable and extraverted are highly active [54–56]. Furthermore,
we predict all three behavioural states to be impacted by agonistic personality types as the
energy demands associated with agonistic behaviours may impact food-related behaviours,
activity, and resting [57]. For example, aggressive captive water-striders (Aquarius remiges)
are more active than their non-aggressive counterparts [58]. Similarly, bold sticklebacks
(Gasterosteus aculeatus) were found to show high levels of activity [59].
2. Materials and Methods
2.1. Subjects, Study Sites, and Ethical Considerations
This study included two captive lion-tailed macaque groups housed in the Netherlands. The first group (n = 8) was housed at the Apenheul Primate Park (hereafter AP) in
Apeldoorn. This group consisted of one adult male, five adult females—one of which was
lactating—one juvenile male, and one infant male. Individuals from five years old onwards
were considered adults, from one to four years old were considered juvenile, and less than
one year old were considered as infants [60]. The infant was excluded from this study as
he did not move independently from his mother. The second group (n = 5) was housed at
Blijdorp Zoo (hereafter BZ) in Rotterdam and consisted of two adult males and three adult
females. One adult male died before all data were collected. Therefore, he was excluded,
resulting in a total sample size of 11 (Table S1).
The AP group had access to an indoor enclosure of approximately 80 m2 , where they
spent the night. The floors were tiled, and no bedding was provided (except for the winter
months). The enclosure temperature ranged between 18 and 21 degrees Celsius. When
weather conditions were acceptable, access to the indoor enclosure was restricted during
daytime, and individuals were only allowed to be in their outside enclosure: an island of
768 m2 . This area had different vegetation types, including edible plants and large natural
trees, thus providing foraging opportunities. There were climbing structures and platforms
connected by multiple ropes placed across the island. A mix of vegetables, fruits, seeds, and
monkey pellets was thrown onto the island multiple times (at least three times) a day or
placed in feeding structures to encourage foraging behaviour. Unlike the inside enclosure,
the outside area was visible to visitors.
In the BZ group, the animals had access to two enclosures. The outdoor island was
100 m2 and offered natural trees and vegetation. The indoor area was 106 m2 . It consisted of
a larger section (8.5 m × 10 m) and two small chambers (3 m × 4 m and 2.5 m × 3.5 m) used
for feeding and separation whenever required. The floor was covered with woodchips, and
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enrichment was available in the form of branches and wooden climbing structures. Food
was provided three times a day (morning, noon, and evening). The animals were given
a balanced and alternating diet consisting of fruits, vegetables, fresh herbs, small insects,
eggs, nuts, seeds, and monkey pellets. In addition, they were able to feed on insects and
vegetation found on the outside island. Both areas were visible to visitors, except for the
feeding and separation chambers inside. Both the AP and BZ groups had ad libitum water
availability 24/7. Enclosures are depicted in Figure S1.
2.2. Experimental Design and Data Collection
2.2.1. Time-Activity Budgets
Data were collected using an instantaneous group scan method [61]. Scans were
collected from three to five days a week between 0900 and 1600 h. Scans were made
throughout the day with a 20 min interval so that they could be performed in between focal
observations. Scans lasted for a maximum of three minutes, in which the observer located
all individuals, and the behavioural states were noted (Table S2). The behaviours included
autogroom, drink, active forage, food search, passive feeding, move, play, rest, sit, sit-alert, sleep,
stand-alert, survey, and out of sight. A total of 3325 scans (AP: 1869; BZ: 1456) were collected
from April to July 2021 (AP) and from April to June 2021 (BZ).
2.2.2. Personality Traits
Both observational and experimental data were collected to assess consistent inter-individual
differences. Data collection in the AP group was performed by a single observer, while in the BZ
group, two observers were present. All the animals were habituated to the observers before data
collection. Behaviours were recorded using Canon Legria HF R806 cameras (Canon, Rotterdam,
the Netherlands) placed on tripods. Observers moved freely along enclosure boundaries to
ensure that the maximum number of individuals remained in the frame. The observers did not
interact with the animals during the observations and experiments.
Observational approach. Data collection took place from April to June 2021 (AP)
and from January to February 2021 (BZ). Observations were performed from three to five
days a week using a continuous focal sampling (20 min long/focal) method [61]. We used
an extensive ethogram (Table S3) to document all behaviours shown by the individuals.
No individual was observed on two consecutive occasions, and the sampling order was
randomised. Each individual was observed during a morning session (0730–1200 h) and
an afternoon session (1300–1700 h). A total of 3780 min of data was collected (average per
individual: AP = 360 ± 19 min, BZ = 252 ± 24 min).
Experimental approach. In addition to focal observations, individuals were subjected
to four categories of novelty experiments using novel objects, novel foods, predator models,
and food puzzles (Figure S2). Each category had two variants, resulting in a total of eight
different experiments. These experiments created the conditions for the observation of
behaviours related to boldness, anxiety, exploration, and persistence. Such behaviours
may be rare and thus challenging to document with the use of focal observations. The
importance of the temporal consistency of behaviour related to personality was addressed
by repeating all experiments after an interval of 14 (AP) and 17 weeks (BZ). Thus, all
animals were subjected to 16 experiments in total.
Novel objects included two types of dog toys—(i) rubber frisbees (Ø 25 cm) and
(ii) plastic balls (Ø 15 cm), typically used as food enrichment for dogs—but did not contain
any food items.
We used two types of food puzzles—(i) a wooden maze box (~30 cm × 40 cm × 15 cm,
secured on tree stems and placed 50 cm above ground level; a plexiglass front with strategic
openings that individuals were allowed to insert their fingers into in order to move and
retrieve the food items. Walnuts and boiled eggs were used as rewards for the AP and
BZ groups, respectively), and (ii) pipes (approximately 70 cm in length, Ø 15 cm with
one-sided perforations; pipes were secured 100–200 cm above the ground. Individuals
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could only retrieve food by rotating and holding the pipes. We used hazelnuts and a mix of
nuts, raisins, and sunflower seeds for the AP and BZ groups, respectively).
We decided on novel foods by considering diet and previous food history (AP: peeled
lotus root, cassava root; BZ: pineapple, kiwi). Monopolisation was minimised by providing two identical objects and puzzles and multiple intact or cut pieces of novel food.
Predator models possessed visual cues that are known to provoke anti-predator responses
in macaques [62,63]. We used a rubber snake with a pattern similar to a reticulated
python (approximately 150 cm in length), a stuffed lioness (BZ: ~100 cm), and a plush tiger
(AP: ~100 cm in length). In the BZ group, both predator models were placed at an approximate distance of one meter from the enclosure boundaries, out of reach of individuals
whilst still being approachable. In AP, the enclosure layout did not permit such a set-up.
We placed the models on a bridge (five meters from the island edge), but it did not elicit
a response (possibly due to the significant distance between the model and the animals).
Therefore, we placed the snake model on the island itself. We chose not to place the tiger
on the island due to the risk of the individuals damaging it. Alternatively, we created a
platform approximately one and a half meters away from the edge of the island by placing
crates in the water, on which the tiger was positioned.
We video-recorded all experimental sessions. Both rounds of experiments lasted for
two–three weeks, with one trial per day. The first round was conducted in May 2021 (AP)
and February 2021 (BZ), the second round in September 2021 (AP) and June and July
2021 (BZ). The order of the experiments was semi-randomised so that the predator model
experiments would not be performed on consecutive days. All the experimental items were
placed while the individuals were confined to the adjacent enclosure, and video recording
began once the individuals gained access to the experimental setup. We recorded the novel
object trials for 60 min. Food puzzle trials lasted until the puzzles were solved, with a
maximum length of 60 min. The novel food trials ended when all individuals had had a
chance to approach and inspect the food items, and the maximum duration was 60 min.
The predator trials were conducted for 30 min.
2.3. Statistical Analysis
2.3.1. Data Coding and Preparation
Two observers coded all the videos to the nearest second in a frame-by-frame approach
using the VLC media player 03.01.14 (VideoLAN, Utrecht, The Netherlands). We used a
two-way mixed model to attain an intraclass correlation coefficient (ICC 3,k) based on the
mean of both observers and their consistency [64]. Behavioural variables were added to
the model as random factors and observers as fixed factors. We obtained high inter-rater
reliability scores (ICC (3,k) = 0.98, p < 0.001).
Time-activity budgets. Time-activity budgets were measured by the percentage of
group scans at which specific behavioural states were observed. Data were corrected for
the times spent out of sight. We calculated the occurrence for each behavioural state and
divided it by the total number of scans at the group and individual levels. The behavioural
state absent from the troop was removed due to non-occurrence. Sit and rest were combined
under the label rest as it was difficult for observers to differentiate them. To reduce the
number of statistical tests (and the accompanying risk of type I errors), the behavioural
states were summarized into the following categories: (1) food-related behavioural states
(drink, active forage, food search, passive feeding, survey), (2) activity (move, play, sit-alert, stand,
stand-alert, autogroom), and (3) resting (sleep, rest).
Personality traits. Focal observations resulted in variables of duration behaviours
(s/min) and event behaviours (occurrence/minute). Values were calculated per individual.
In preparation for further analysis, focal data were separated into two observation phases to
test for temporal consistencies of behavioural variables across the entire observation period.
We selected the phases so that the observation time for each individual was as similar as
possible (AP: 180 ± 19 min/individual/phase; BZ: 126 ± 18 min/individual/phase) while
ensuring that the observation dates were consistent across phases and individuals.
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Relevant parameters differed across personality experiments and were coded accordingly (see Table S4 for descriptions). Proximity (s/hour) is the time spent within a radius of
one meter (novel objects, novel foods, food puzzles) or two meters (predator models) to the
experimental items. Latency to approach (s) defined the time it took for an individual to reach
a one-meter proximity to an experimental item, starting from the moment they entered a
five-meter radius. When an individual did not approach, latency was scored as NA. Once
individuals made contact with the items, handling (s/hour; novel objects) or manipulation
(s/hour; food puzzles) was scored. Eating novel food was represented by eat (yes/no).
Predator trials also included the variable approach (occurrence/hour): the instances when
an individual entered a two-meter radius of the predator model from a five-meter radius.
2.3.2. Analysis
We performed all analyses on R version 4.0.1 using the RStudio interface version
1.2.959 [65]. All variables were standardized using z-scores for each zoo before being
combined. The variable play could not be standardised due to its absence in the BZ group.
We therefore decided to remove it.
Time-activity budgets. We calculated time-activity budgets for (i) all individuals
combined in order to have species-level information, (ii) the AP and BZ groups separately
to assess the possible influence of living conditions, and (iii) all individuals separately.
We compared the three main categories using goodness of fit chi-square tests on a
group level. The time-activity budgets between the AP and BZ groups were compared using
a generalised linear model (GLM). We used the number of occurrences of a behavioural
category as the response variable (rather than the proportion data used previously) and the
zoo (or group) as a fixed effect. A Poisson error distribution with a “log” link function was
used in the model. We added the number of scans as an offset (log-transformed). Moreover,
we examined the individual variation in behavioural states using goodness of fit chi-square
tests. Analyses were also run without the lactating female in the sample since lactation
may impact the time-activity budget, favouring resting over foraging as an energy-saving
strategy [15]. We assessed whether potential differences in the time-activity budget were
due to individual variation rather than differences in reproductive state.
Personality traits. Behaviours reflecting animal personality should be consistent over
time (i.e., repeatable). The temporal consistency of collected behavioural variables was
assessed using a two-way mixed-model intraclass correlation (ICC (3,1)) [53] that compared
the first and second rounds of experiments with phases one and two of the observations.
Variables with ICC values ≥ 0.3 and p < 0.05 were retained for further analysis. In order
to avoid bias from variables with low occurrences, we dropped variables where over half
of the individuals had zero values. This resulted in the removal of all predator model
variables as most individuals did not engage. In addition, we removed the variables eat,
travel together, object play, o-mouth, lunge passive, hang, fall, embrace passive, and avoid passive.
Apart from temporal consistency, we also checked the contextual consistency of the
experiments by calculating Cronbach’s alpha. This value represents the similarity of
behaviours shown in various situations. A value of >0.7 is considered sufficient [66] and
signifies that the behavioural response to different experiments is comparable, indicating
that behaviours are consistent over context.
Once the repeated variables were finalized, a principal component analysis (PCA)
was conducted following the standardized approach, as performed in [53]. However, we
first calculated the average values for each repeatable variable from the observation and
experiments. All assumptions for PCA were met. The number of principal components to
select was based on the inspection of a generated scree plot using an unrotated PCA, the
amount of variance explained by components (>70%) and eigenvalues (>1) [67]. To retain
statistical power from the PCA, we decided on a strict approach for accepting variables.
We increased the required communality score from 20% (as in [53]) to 70%, as advised
for small sample sizes [68], which led to the removal of proximity of balls, latency to balls,
and look around. In addition, we used a Varimax rotation and considered factor loadings
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of >±0.5 as salient [67]. Furthermore, all variables loading onto multiple components
were removed following our strict acceptance policy, which resulted in the exclusion of
approach passive, proximity, and travel. Components were labelled as personality traits based
on the nature of the loaded behavioural variables. The possible effects of age and sex on
personality components were considered by running linear mixed-effect models (LMM).
Separate models were run for each personality component. The personality components
were entered as the response variable. Age (ranging from 1 to 29) and sex (nmales = 3;
nfemales = 8) were fixed effects. Location (nAP = 7; nBZ = 4) was entered as a random effect.
Model diagnostics were conducted (residual distribution and dispersion).
In addition to factor loadings, we extracted factor scores. These values represent the
contribution of each individual to the different components; in other words, how much
an individual relates to a personality trait. Factor scores will therefore be referred to as
personality scores.
Personality as a predictor of time-activity budgets. To see whether found personality traits could predict individual time-activity budgets, we ran multiple generalised
linear mixed effect models (GLMM). Separate models were run for the following response
variables—(1) food-related, (2) activity, and (3) resting. The data consisted of count variables; therefore, we used a Poisson error distribution with a “log” link function. We added
the number of scans (log-transformed) as an offset variable to correct differences in the
number of scans per individual. Personality traits with corresponding scores were entered
as fixed effects, and location was entered as a random effect. Model fit was assessed by
inspecting residual distribution, dispersion, and the AIC values. The models with the
lowest AIC were retained. Null vs. full model comparisons were run.
Age and sex as predictors of time-activity budgets. Apart from personality, the effects
of age and sex on the different behavioural states were assessed separately using GLMMs.
Response variables included (1) food-related, (2) activity, and (3) resting behaviours. Age
and sex were entered as fixed effects, while the different locations were added as a random
effect. A Poisson error distribution with a “log” link function was used. We added the
number of scans as an offset variable (log-transformed). We conducted model diagnostics
(residual distribution and dispersion). When residual dispersion was significantly high, we
used a negative binomial family rather than a Poisson family. We performed null versus
full model comparisons using likelihood ratio tests.
Statistical packages. GLMs were run with the “glm” function from the “stats” package [65]. For GLMMs, we used the “glmer” function from the “GlmmTMB” package [69].
Model residuals were inspected using the “testResiduals” and “simulateResiduals” functions from the “DHARMa” package [70]. Null versus full model comparisons were made
with the “lrtest” function from the “lmtest” package [71]. The goodness of fit tests were run
using the “prop.test” function of the “stats” package [65]. ICCs were run using the “ICC”
function from the “psych” package [72]. When variables contained missing data (e.g., an
experimental item was not approached, resulting in NA for latency), the “iccNA” function
from the “iirNA” package was used [73]. PCA was performed with the “full_factor” function of the “Radiant.multivariate” package [74]. LMMs were conducted with the “lmer”
function from the “lme4” package [75] and the “afex” package [76].
3. Results
3.1. Time-Activity Budgets
We found that the individuals spent 5.9% ± 4.9% of the scans out of sight. All
scans containing this variable were removed prior to continuing with further analyses.
Inspection of group-level time-activity budgets showed that the time spent on behavioural
states differed significantly between states (goodness of fit, χ2 = 750.88, df = 2, p < 0.001).
Individuals spent the majority of their day resting (49 ± 11%), followed by food-related
behavioural states (24 ± 7%) and activity (21 ± 7%). There was no significant difference
between the AP and the BZ groups (GLM, z = 1.55, p = 0.122) (Figure 1a). However, we
found variations in time-activity budgets at the individual level (food-related behaviour:
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were obtained and used for the PCA. Final communality scores ranged between 76% and
98%, indicating that variance is sufficiently explained by the extracted principal components
(PCs). We extracted 4 PCs that explain 90% of the total variance. The first PC explained
30% of the variance and had high positive loadings (>0.5) of manipulation of the frisbees,
balls, boxes, and pipes (+), as well as salient negative loadings of leave passive (−) and pass
by passive (−). As the majority of variables represent a continuous manipulation of the
experimental items, we named this PC “persistence”. The second PC explained 24% of the
variance and contained the behaviours approach (+), climb (+), follow (+), and pass by (+).
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Due to the nature of these variables, we labelled it as “sociability”. The third component
explained 24% of the variance, with the behaviours body shake (+), contact sit (+), follow
passive (+), and groom (+). We labelled this PC as “affiliation”. The last PC explained 13%
of the variance and included autogroom (+) and scratch (+) and was therefore labelled as
“anxiety”. Behavioural variables with salient factor loading scores for multiple components,
i.e., cross-loadings, were excluded (Table 2). The component persistence was the only
component with experimental variables. These manipulation variables showed contextual
consistency (Cronbach’s alpha: 0.96).
Table 1. Temporal consistency of all variables with the test statistics of the intraclass correlation
(ICC 3,1) analysis.
Variable

ICC (3,1)

p-Value

F-Value

95% CI Upper,
Lower

Latency frisbee
Proximity frisbee
Manipulation frisbee
Latency ball *
Proximity ball *
Manipulation ball
Latency food 1
Latency food 2
Latency box
Proximity box
Manipulation box
Latency pipe
Proximity pipe
Manipulation pipe
Approach passive **
Approach
Attention
Autogroom
Bipedal stand
Body shake
Change position
Climb
Contact sit
Displace passive
Displace
Follow passive
Follow
Forage
Grab
Groom passive
Groom
Leave passive
Leave
Lie down
Look around *
Pass by passive
Pass by
Play
Proximity **
Regurgitation
Scratch
Sit
Stand
Travel **

0.00
0.06
0.77
0.80
0.77
0.98
0.33
0.23
0.12
0.79
0.96
0.00
0.10
0.80
0.94
0.90
0.30
0.97
0.20
0.74
0.00
0.94
0.71
0.70
0.73
0.88
0.74
0.09
0.07
0.16
0.83
0.72
0.00
0.39
0.96
0.73
0.92
0.82
0.87
0.00
0.95
0.20
0.28
0.67

0.50
0.42
0.00
0.00
0.00
0.00
0.14
0.24
0.35
0.00
0.00
0.50
0.38
0.00
0.00
0.00
0.17
0.00
0.26
0.00
0.50
0.00
0.01
0.01
0.00
0.00
0.00
0.39
0.41
0.31
0.00
0.00
0.50
0.11
0.00
0.00
0.00
0.01
0.00
0.50
0.00
0.27
0.19
0.01

1.00
1.13
7.69
8.99
7.80
126.5
2.01
1.60
1.28
8.34
48.81
1.00
1.22
8.94
33.14
19.04
1.86
58.85
1.51
6.77
1.00
34.69
5.84
5.60
6.51
15.29
6.56
1.20
1.15
1.38
10.66
6.05
1.00
2.27
44.57
6.38
23.06
NA
14.33
1.00
41.78
1.50
1.78
4.99

−0.50, 0.50
−0.45, 0.54
0.44, 0.92
0.50, 0.93
0.45, 0.92
0.95, 0.99
−0.20, 0.71
−0.30, 0.65
−0.40, 0.58
0.47, 0.92
0.88, 0.99
−0.50, 0.50
−0.42, 0.57
0.50, 0.93
0.84, 0.98
0.73, 0.97
−0.23, 0.69
0.90, 0.99
−0.33, 0.64
0.39, 0.91
−0.50, 0.50
0.84, 0.98
0.32, 0.89
0.31, 0.89
0.37, 0.90
0.67, 0.96
0.38, 0.90
−0.43, 0.56
−0.44, 0.55
−0.37, 0.61
0.56, 0.94
0.34, 0.89
−0.50, 0.50
−0.14, 0.74
0.87, 0.99
0.36, 0.90
0.77, 0.97
0.23, 0.97
0.66, 0.95
−0.50, 0.50
0.87, 0.98
−0.33, 0.63
−0.25, 0.68
0.25, 0.87

Repeatable variables (ICC (3,1) ≥ 0.3, p < 0.05) indicated with a bold typeface are retained for further analyses, except
for: * Insufficient communality score (<0.7), ** Loads on multiple principal components during PCA (see later).
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Table 2. Variable loadings in the principal component analysis.
Variable
Manipulation
frisbee
Manipulation ball
Manipulation box
Manipulation pipe
Approach passive *
Approach
Autogroom
Body shake
Climb
Contact sit
Follow passive
Follow
Groom
Leave passive
Pass by passive
Pass by
Proximity *
Scratch
Travel *
Eigen value
% of variance
explained

Persistence

Sociability

Affiliation

Anxiety

Communality h2

0.90

−0.14

−0.23

0.07

88.19%

0.95
0.94
0.95
−0.60
−0.11
0.21
−0.33
0.31
−0.35
−0.11
−0.06
−0.26
−0.72
−0.70
−0.22
−0.44
0.04
−0.32
5.69

0.04
−0.19
0.10
−0.04
0.96
−0.14
−0.14
0.91
0.24
0.21
0.99
−0.24
0.36
−0.03
0.95
0.61
0.18
0.40
4.58

−0.18
−0.23
−0.22
0.60
−0.01
0.34
0.82
0.08
0.85
0.90
0.02
0.92
0.00
0.33
−0.08
0.60
−0.14
−0.52
4.49

0.16
0.09
0.09
0.27
0.15
0.77
0.30
0.03
−0.19
−0.07
0.04
0.11
0.48
0.46
0.01
−0.15
0.90
0.54
2.43

96.97%
97.35%
97.26%
79.28%
94.63%
76.27%
89.17%
93.49%
93.39%
87.63%
98.41%
98.44%
88.04%
81.09%
95.95%
94.56%
85.89%
83.13%

30%

24%

24%

13%

Factor loadings > ±0.5 are indicated with a bold typeface, including both positive and negative loadings. * Variable
excluded from the component due to multiple high loadings, i.e., cross-loadings.
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Residuals of the models used to assess the effects of sex and age on the personality
components met all assumptions. Dispersion tests and Kolmogorov–Smirnov tests were
not significant for the models. We did not find any effects of sex or age on the persistence,
not significant for the models. We did not find any effects of sex or age on the persistence,
sociability,
andanxiety
anxietycomponents
components
(Table
However,
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the
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scores
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Figure
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than
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than
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DifferentDifferent
coloured coloured
Figure
Personalityscores
scores
affiliation
component
of females
and males.
dots
indicate
individuals.
dots indicate individuals.

Individual personality scores are given in Table 3.
Table 3. Personality scores of all individuals for the persistence, sociability, affiliation, and anxiety
components.
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Individual personality scores are given in Table 3.
Table 3. Personality scores of all individuals for the persistence, sociability, affiliation, and anxiety components.
ID

Location

Persistence

Sociability

Affiliation

Anxiety

Milo
Elly
Trine
Hera
Eral
Salena
Tumari
Maggie
Sysoe
Rajaja
Heather

BZ
BZ
BZ
BZ
AP
AP
AP
AP
AP
AP
AP

0.24
−0.83
1.13
−0.54
2.29
0.20
0.07
−0.36
−0.55
−0.29
−1.36

1.07
−0.80
−0.87
0.60
−0.16
−0.05
2.28
−0.91
−0.72
−0.68
0.24

−0.64
−0.78
−0.17
1.59
−0.65
1.84
−0.26
0.37
−0.81
0.66
−1.14

0.20
−0.71
−0.95
1.47
1.23
−0.68
−1.22
0.79
−0.47
−0.82
1.17

3.3. Personality as a Predictor of Time-Activity Budget
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Residuals of the models used to assess personality as a predictor of time-activity
budget met the assumption of normal distribution. One-sample Kolmogorov–Smirnov and
dispersion tests were not significant (Table S7). Model fit was significantly improved by
including all fixed effects (persistence, sociability, affiliation, and anxiety) for food-related
12 of 23
behavioural states (LRT, df = 6, χ2 = 13.36, p = 0.004) and activity (LRT, df = 6, χ2 = 11.60,
p = 0.009). Including all fixed effects did not improve model fit for resting; however, the
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Figure 3. Time spent on food-related behaviours in percentages and its relation to the personality
12 of 22
scores of the traits of persistence and anxiety. The solid line is a trend line surrounded by the 95%
confidence interval.
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Figure 4. Time spent being active in percentages and its relation to the personality scores of the traits
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but showed no difference for sex. Furthermore, activity was not influenced by either age
or sex. Finally, females were found to rest more than males (GLMM, z = −2.26, p = 0.024),
and resting time was positively correlated with age (GLMM, z = 3.13, p = 0.002) (Figure 6,
see Table S9 for complete test statistics).
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showed no difference for sex. Furthermore, activity was not influenced by either age or
sex. Finally, females were found to rest more than males (GLMM, z = −2.26, p = 0.024), and
14 of 23
resting time was positively correlated with age (GLMM, z = 3.13, p = 0.002) (Figure 6, see
Table S9 for complete test statistics).
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We found resting (49%) to be the most prevalent behavioural state, followed by foodrelated behaviours (24%) and activity (21%). This is not in line with previous research;
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persistence and negatively by anxiety. The time spent being active was predicted positively
by persistence and sociability, while resting time was predicted negatively by persistence.
We found resting (49%) to be the most prevalent behavioural state, followed by foodrelated behaviours (24%) and activity (21%). This is not in line with previous research;
Kurup and Kumar [1] found that wild lion-tailed macaques inhabiting a large, protected
forest spent more than 50% of the day on food-related behaviours, approximately 33% on
resting, and 15% on moving. In disturbed forest fragments, it was found that lion-tailed
macaques spent 42% of their time foraging and feeding, 16% on resting, and 34% on moving [77]. Contrary to reports on wild populations, the captive groups spent most of their
day inactive in this study, most likely due to differences in diet and available resources.
Prior research reported similar differences in other species, e.g., wild chimpanzees (Pan
troglodytes) spent more time “collecting foraging”, which consists of directly eating food
items collected from the environment, than their captive counterparts [16]. In the wild, individuals are expected to spend more time seeking food and exhibiting foraging behaviour,
while captive conditions offer calorie-dense food multiple times a day, thus reducing the
necessity to forage for longer durations.
In several primate species, such a difference in time-activity budgets between wild
and captive groups has often been considered an indicator of the negative welfare of the
animals living in captivity [78–81]. However, using such comparisons to assess welfare can
be complex and unjustified (see [82] for a full review); therefore, we cannot make direct
welfare assumptions based solely on the observed time-activity budgets within our study.
We did not find a difference in time-activity budget between the Apenheul and Blijdorp
groups. Time-activity budget differences among wild lion-tailed macaque groups were
accounted for by seasonal variation, group size, and habitat quality; this was also evident
in other primate species (i.e., Assamese macaques (Macaca assamensis) [83], vervet monkeys
(Chlorocebus pygerythrus) [20], and chimpanzees [84]. In captivity, however, food items
do not depend on seasonality. Likewise, habitat quality may have been similar as both
enclosures offered climbing and foraging opportunities with sufficient outdoor space.
We found a significant variation in time-activity budgets at the individual level. Age and
sex could not explain all variations. It is noteworthy that the sex ratio in this study was skewed,
with only three males as compared to eight females. Moreover, considering such variation
within the female group, these findings only highlight a weak link between time spent resting
and sex. Additionally, we found that the only lactating female (Rajaja) spent most of the time
resting. This is in line with previous studies that showed lactating females rest more at the
cost of foraging and feeding as an energy-saving strategy [15,85]. However, our study only
contained a single lactating female, and removing her from the sample did not significantly
affect the time-activity budget, therefore conclusions should be taken with caution.
The first personality trait of persistence, while it has been reported in other primate
species [53,86,87], to our knowledge, it has never been found in lion-tailed macaques.
Similarly, the behaviours that loaded on to the persistence trait have not been previously
described in relation to lion-tailed macaques’ personality (see [52]). The inclusion of
experiments in our study uncovered this trait, demonstrating the added value of our
multi-method approach.
We found two traits related to social behaviour: sociability and affiliation. Sociability
contained the behaviours approach, climb, follow, and pass by. Climb may appear to be
misplaced in this component. However, we suggest that its loading on this component
might be due to the limited space on climbing structures and branches, forcing individuals
to move towards and pass by group members frequently. Sociability is thought to be
one of the five major axes of personality [27] and has been found in many species [88].
However, our sociability trait indicates an individual’s willingness to associate with others.
Nevertheless, it does not contain information about the nature of these interactions, whereas
this is described in the affiliation trait. The affiliation trait included contact-sit and groom,
which are behaviours important for social bonding in primates [89,90]. Surprisingly, body
shake, which is unrelated to affiliation, was found to be part of this component. The
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weather conditions could explain this; during observations, high levels of rain often led
individuals to exhibit this behaviour. Rouff et al. [52] previously reported a lion-tailed
macaque personality trait labelled extraversion. Although different in name, it contained
sociable and affiliative behaviours similar to the social traits found in this study. In the
analysis, they used behavioural variables such as sociable, affiliative, solitary, and aggressive,
which lack details regarding the specific behaviours shown. It is possible that due to
our extensive ethogram and detailed behavioural variables, we could make a distinction
between affiliation and sociability.
Personality research typically describes inter-individual differences in behaviour, irrespective of sex. We found that sex significantly predicted the personality scores of the
affiliation component, with females scoring higher than males. However, a relatively new
area of research has focused on sex-specific personality, which is based on the consideration
that males and females are exposed to different selection pressures throughout their lives,
leading to the divergence of behaviour [56]. Sex-specific personality has been reported in
several species such as mosquitofish (Gambusia affinis and Gambusia holbrooki) [91], rock pool
prawns (Palaemon elegans) [92], zebra finches (Taeniopygia gutata) [93], and snow leopards
(Uncia uncia) [94]. It has also been reported in primates such as barbary macaques (Macaca
sylvanus), where the traits excitability and tactility showed intersexual variation [95]. Therefore, we believe it is well-justified to consider the affiliation component as a personality
trait despite the sex difference, especially since considerable variation was visible among
all females (Figure 2).
Our results indicate that female lion-tailed macaques are inclined to engage in affiliative behaviours that develop and strengthen social bonds within the group. For males, who
typically disperse from their natal group, such bonds may be of less importance [96]. This
result coincides well with previous macaque studies that showed females performing more
affiliative behaviours than males. This was found for lion-tailed macaques [52,97] as well
as other macaque species, including rhesus macaques (Macaca mulatta), pigtail macaques
(macaca nemestrina), and long-tailed macaques (Macaca fascicularis) [97].
The final trait, anxiety, contained the variables scratch and autogroom, well-known
displacement behaviours in primates that are often related to stress and anxiety [98]. A
similar trait containing self-directed behaviours was documented in wild crested macaques
(Macaca nigra) [99]. A seemingly comparable trait, labelled as anxiousness, has also been
reported in other primate species [29]. However, despite the similar name, anxiousness
appears to be different from the trait we labelled as anxiety. Individuals with the trait of
anxiousness are thought to be hesitant, indecisive, and fearful [29,100]. Our findings do
not indicate this, probably because we had to remove all behavioural variables obtained
through the predator experiments as most individuals did not approach the predator
models, so participation was considered lacking. Therefore, we could not create the
circumstances to observe anxiousness in lion-tailed macaque personalities. Nevertheless,
we present four personality traits in lion-tailed macaques using a multi-method approach
comprised of behavioural observations and ecologically relevant experiments.
This study finds strong support for the use of personality traits as suitable predictors
of all components of the lion-tailed macaque’s time-activity budgets. Persistence was found
to positively predict the time spent on food-related behaviour. This suggests that persistent
individuals spend more time foraging and feeding than individuals that scored lower
on that personality trait. Although natural vegetation, insects, and other small animals
such as frogs were freely available on the outdoor islands, individuals still might have
needed to be persistent to obtain them. Furthermore, spending time on foraging for these
resources even when sufficient food is offered indicates that these individuals are persistent
in searching for food. Interestingly, we found that anxiety negatively predicted the time
spent on food-related behaviour. Individuals who are predisposed to high-stress levels
(see [101]) may be more alert and might prioritise their safety (i.e., to avoid intra and
intergroup conflict) over searching for “additional” food. However, there are contrasting
reports regarding the relationship between anxiety and food-related behaviour. In line
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with our results, multiple studies on rats and cattle breeds showed that increased stress
levels reduced food intake [102,103]. In contrast, rhesus macaques (Macaca mulatta) were
shown to have higher caloric consumption in moments of stress [104]. Unfortunately, our
study does not allow us to make conclusions regarding the actual intake of food or caloric
consumption as we did not record the specific types of food being eaten. Nevertheless, it
would be beneficial to include such variables in future research.
Furthermore, we found that individuals scoring high on the persistence trait spent
more time on activity-related behaviour as compared to individuals with lower scores. It is
suggestive of the fact that individuals who are inclined to be persistent are generally more
active. This is unsurprising as the personality trait of persistence was previously linked to
active behaviours such as exploration, tool use, and problem-solving [53,105]. Similarly,
persistent individuals are also thought to rest less, which might indicate that the increased
activity and food-related behaviours come at the expense of the resting behaviours. Personality has previously been linked to differences in metabolic rates, which may cause
individuals to differ in their energy intake and expenditure requirements [106,107]. Perhaps
persistent individuals require lower resting times than less persistent individuals, which
leads to differential fitness outcomes in animals. This is yet to be explored experimentally.
Besides persistence, sociability predicted activity-related behaviours positively. These
results resemble those previously found in other species; individuals who are prone to
being sociable and extraverted had higher levels of activity [54–56]. It is well-established
in non-human primates that social behaviours can have considerable fitness and survival
benefits [108–110], suggesting the importance of traits such as affiliation and sociability.
For example, in rhesus macaques, maintaining social connectivity within the group was
found to increase the relative probability of survival compared to individuals who were
less “well-connected” [111].
Time-activity budgets may reflect the adaptation to changing habitats due to anthropogenic activities [9]. Our findings on the variation in individual time-activity budget imply
that individuals might differ in their behavioural responses to cope with such changes
as personality is known to effectively impact stress response, movement, and dispersion
behaviours as well as habitat selection (see [112] for a full review). Human-modified
habitats have previously been found to favour specific personality types. For example,
female ground beetles (Carabus convexus) living in urban areas were shown to be more
explorative and risk-taking compared to their rural conspecifics [44]. Additionally, great
tits (Parus major) from urban areas are thought to have a more proactive personality type
than their rural counterparts. This was represented in their different coping strategies
when distressed, indicated by a higher pecking rate and more fear screams from urban
individuals than rural individuals [113]. Proactive individuals who are inclined to explore
and take risks might therefore have high survival values when habitats are disturbed.
Our findings go beyond previous reports and indicate that persistent individuals are
also intrinsically motivated and inclined to spend time searching for food, suggesting their
potential to be successful in adverse conditions. This, and the notion they may require
less resting time compared to low-persistent individuals, may possibly make them better
equipped to cope with the effects of anthropogenic disturbances in their habitat. On the
contrary, individuals who are prone to anxiety may be limited in achieving successful
adaption as they may find it more difficult to acquire sufficient resources due to their
tendency to spend less time on food-related behaviours. This information could also be
considered during ex situ conservation efforts such as translocations and reintroductions
when deciding which individuals would have the highest post-reintroduction survival
potential [24], as prior research has shown that personality affects reintroduction success.
For example, explorative zoo-hatched Blanding’s turtles (Emydoidea blandingii) were more
likely to survive compared to less explorative conspecifics after reintroduction [114].
The current study, besides its conservation implications, may also help promote the
welfare of captive animals. Personality may predict how an individual will respond to
certain situations and should be considered when designing enclosures and husbandry
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procedures. In the case of our study groups, we would suggest that persistent individuals
might prefer enrichment in the form of novel objects or puzzles and would benefit from
more food being spread throughout the enclosure to facilitate the need for extensive
foraging behaviour, especially when considering the enormous gap between the time spent
on food-related activity in the wild and in captivity. In addition, based on personality
traits, individuals may handle visitor presence differently. A study on captive Diana
monkeys (Cercopithecus diana) showed that individuals scoring high on traits such as
solitary, aggressiveness, and irritability performed frequent abnormal behaviours when
visitor presence was high. In contrast, active, playful, and excitable individuals exhibited
more species-typical behaviour such as affiliative behaviours and play [115]. In light of
this, we imagine that anxious individuals within our study might benefit from additional
hiding places in order to manage visitor presence. This demonstrates how inferences can
be drawn from personality traits and associated behaviours regarding what individuals
might require for a successful adaptation to captivity, thus allowing for better welfare [116].
5. Conclusions
We found individual variations in the time spent on food-related behaviour, activity,
and resting. Besides the influences of age and sex, variation could be explained by differences in personality. Our multi-method approach proved effective in describing lion-tailed
macaque personality, resulting in the traits of persistence, sociability, affiliation, and anxiety.
We provided evidence that all but affiliation are predictors of individual time-activity
budget variation.
Considering the constant changes in natural habitats due to increased anthropogenic
activities, understanding the inter-individual differences in the ability of individuals to
adapt to novel environmental conditions is crucial when implementing conservation and
welfare measures. High-persistent individuals are intrinsically inclined to spending more
time searching for food and being more active while resting less. This may make them
better equipped to handle unfavourable conditions than high-anxious individuals, who do
not have the predisposition for long foraging times. These traits should also be considered
during husbandry procedures and enclosure designs. Enrichment preferences may differ
based on personality traits; high-persistent individuals may prefer enrichment in the
form of novel objects and food puzzles. Furthermore, personality traits may influence
how individuals cope with captivity; the welfare of high-anxious individuals may require
sufficient hiding places in order to manage visitor presence. This study adds to the growing
body of literature stating that variation in time-activity budgets and animal personality are
important aspects to consider during conservation and welfare efforts.
Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/ani12121495/s1. Supplementary file S1: datasets. Supplementary file S2:
Rscripts. Table S1: Description of study animals, including individual ID, housing location, date of
birth, sex, parents, and rearing conditions. Figure S1: (a) Outdoor island at Apenheul Primate Park,
Apeldoorn. Individuals were not observed inside. (b) Outdoor island at Blijdorp zoo, Rotterdam.
(c) Indoor enclosure at Blijdorp zoo, Rotterdam. Table S2: Behavioural states used to construct
time-activity budgets (Adapted from Dhawale et al., 2020). Table S3: Ethogram containing behaviours
related to general activity, social and sexual interactions, dominance and submission, conflicts and
aggression, and tension. Figure S2: Personality experiments. (a) Food puzzle: puzzle pipes; (b) Food
puzzle: puzzle boxes; (c) Novel food: kiwi; (d) Novel food: pineapple; (e) Novel object: plastic balls;
(f) Novel object: rubber frisbee; (g) Predator model: Lioness; (h) Predator model: rubber python.
Table S4: Descriptions of all measures used during novelty experiments. Table S5: Percentage of time
spent on specific behavioural states (%) per individual. Table S6: Test statistics for linearised mixed
effect models testing the influence of age and sex on the multiple components. Significant results
are indicated with a bold typeface. Table S7: Selected models for the generalised linear mixed-effect
analysis with the behaviour of interests, fixed effects, random effects, and the corresponding onesample Kolmogorov–Smirnov test output. Table S8: Test statistics of the generalised linear mixed
effect models, with behavioural states as response variables, and the personality traits of persistence,

Animals 2022, 12, 1495

18 of 22

sociability, affiliation, and anxiety as fixed effects while controlling for location. Significant results are
indicated with a bold typeface. Table S9: Test statistics for generalised linear mixed effect models
testing the influence of age and sex on the multiple components. Significant results are indicated
with a bold typeface.
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