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Although the number of studies documenting animal personalities has increased over the last decade,
ecological validations of animal personality traits remain relatively rare in the behavioural ecology
literature. I examined whether wild vervet monkeys, Chlorocebus pygerythrus, were consistent in their
responses to diverse novel objects, and tested whether experimentally assayed boldness predicted the
number of times individuals were observed inspecting naturally occurring snakes at close range. Bold-
ness was repeatable across three novel object tests, and boldness scores were correlated with the
number of snake inspections. An additional novel object, a toy lizard, elicited antipredator behaviour and
was reclassed as a potential predator stimulus; both novel object boldness and the number of snake
inspections predicted approach of this item. Ageesex class differences in boldness and in predator
approach and inspection were found to be highly consistent across these different contexts. Subadult
males were bolder than adult females and had higher snake inspection counts. These ageesex differ-
ences fit well with expected variation in riskereward ratios of exploratory risk-taking behaviour
considered within a life history framework for this species. The results of this study provide a crucial
ecological validation of using novel object tests to assay boldness in a wild primate.
© 2016 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Interindividual behavioural variation that is stable over time,
consistent across contexts and related to fitness outcomes has been
documented in a number of taxa (Dall & Griffith, 2014; R�eale,
Reader, Sol, McDougall, & Dingemanse, 2007; Sih & Bell, 2008;
Smith & Blumstein, 2008). The majority of studies on animal per-
sonality have, however, been conducted in captive populations or
with wild-caught individuals held and assayed in a captive setting.
Since captive environments may have substantial effects on the
expression of behaviour, ecological or evolutionary interpretations
of these studies' results may be problematic (Archard &
Braithwaite, 2010; McCowan, Mainwaring, Prior, & Griffith, 2015;
McPhee, 2004; Niemel€a & Dingemanse, 2014). It is therefore
important to validate personality traits in wild populations by
testing animals in their natural habitats (Niemel€a & Dingemanse,
2014).

Recently, several researchers have criticized the lack of valida-
tion testing in most studies of animal personality within
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behavioural ecology (Carter, Feeney, Marshall, Cowlishaw, &
Heinsohn, 2013; Dochtermann & Nelson, 2014; Uher, 2011; Weiss
& Adams, 2013). Validation of personality measures is a standard
procedure in personality studies conducted in other fields (e.g.
comparative psychology), along with assessments of repeatability
or reliability (Gosling, 2001; Weiss & Adams, 2013). Testing the
validity of animal personality traits can be undertaken by
comparing measurements from multiple tests that target a given
trait or by comparing different methods of assessing the given trait,
for example by testing for correlations between behaviour in a test
setting and observations of naturalistic behaviour (Carter et al.,
2013; Gosling, 2001; Weiss & Adams, 2013). Other factors also
considered to support the validity of personality traits are corre-
lations of personality measures with markers of neurobiological or
physiological functioning, with health outcomes, or with certain
life history variables (Fairbanks & Jorgensen, 2011; Gosling, 2001;
Weiss & Adams, 2013). R�eale et al. (2007) suggested that behav-
ioural ecologists should be concerned with both biological and
ecological validation of personality traits, where the former in-
volves testing for relationships between personality and aspects of
physiology and the latter for ecological correlates. Ecological vali-
dation of personality traits, such as establishing that these
evier Ltd. All rights reserved.
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Table 1
Study subjects participating in each novel object test, by ageesex class

Ageesex class Subjects Plants Grasshopper Scorpion Lizarda

Females
Adult 22/21b 19 21 17 17 (11)
Subadult 2 2 2 2 2 (2)
Males
Adult 7 6 6 6 6 (3)
Subadult 9 7 8 9 9 (7)
Total 40/39b 34 37 34 34 (23)

a Numbers in parentheses show the number of individuals who first saw the
lizard from at least 1 m away.

b One of the adult females disappeared from the large group in mid-November;
she was present for the plants test, but not for any of the other novel object tests.

M. B. Blaszczyk / Animal Behaviour 123 (2017) 91e10092
phenotypes are correlated with other traits of ecological signifi-
cance (e.g. dispersal, home range size), is an integral step in
studying the ecology and evolution of personality in natural pop-
ulations (R�eale et al., 2007).

One example of a personality trait for which biological validity
(but not ecological validity) is well established is that of ‘novelty
seeking’ in captive vervet monkeys, Chlorocebus sabeaus (Fairbanks
& Jorgensen, 2011). Individual differences in captive vervets in re-
sponses to novel objects (commonly referred to as ‘boldness’ in the
animal behaviour literature) are repeatable and highly heritable
and are further associated with a polymorphism in the dopamine
D4 receptor gene (Bailey, Breidenthal, Jorgensen, McCracken, &
Fairbanks, 2007; Fairbanks et al., 2011). Novelty seeking is also
correlated with cortisol levels measured in hair (which reflects
long-term cortisol release), with bolder animals showing lower
cortisol levels (Laudenslager, Jorgensen, Grzywa, & Fairbanks,
2011).

The aims of the present study were two-fold. The first aim was
to test for repeatability of behavioural responses of wild vervet
monkeys towards novel objects, in an attempt to validate behaviour
observed in a laboratory setting against behaviour expressed in a
natural setting. The second aimwas to determinewhether boldness
towards novel objects among wild vervets is correlated with
ecologically relevant behaviour of predator inspection. Boldness is
generally defined as the propensity to take risks in the face of
threatening and/or novel situations (Carter, Marshall, Heinsohn, &
Cowlishaw, 2012; Smith & Blumstein, 2008). Exploration of novel
objects involves an inherent degree of risk taking, as stimuli that
have never been encountered have the potential to be dangerous.
Individuals that are more willing to approach or interact with novel
objects are therefore also expected to show greater risk-taking
behaviour in other situations, such as those involving exposure to
potential predators. In animal personality studies, boldness is
alternatively assayed using novel object tests or predator exposure
tests (Carter et al., 2013). However, to date, few studies have
investigated the relationship between individual differences in
responses to novel objects and to predators or predator cues (Carter
et al., 2013, 2012). Of the studies that have compared individuals'
behaviour across these contexts, some have found correlations ( e.g.
David, Auclair, & C�ezilly, 2011; Garamszegi, Eens, & T€or€ok, 2009),
while others have not (e.g. Carter et al., 2012; Coleman & Wilson,
1998). These mixed findings could reflect interspecific differences
(Garcia-Longoria, Garamszegi, & Moller, 2014), intraspecific varia-
tion between populations in different environments (Bell, 2005;
Dingemanse et al., 2007), or methodological differences between
studies in the tests they employ or in the specific behavioural
variables that were measured (Carter et al., 2013; Gosling, 2001;
Uher, 2011). However, the most common concept of boldness,
which combines elements of risk taking and exploration, leads to
the expectation that variation in behaviour towards potentially
threatening novel stimuli will also be expressed in contexts
involving non-novel but motivationally salient stimuli, such as
predators or other animals that pose risks of injury or mortality to
an animal.

Here I test the hypothesis that boldness in terms of novel object
responses reflects a personality trait in wild vervet monkeys,
Chlorocebus pygerythrus, and that this trait is correlated with
predator inspection behaviour. I predicted that individuals would
be consistent in their responses to different novel objects, and that
boldness towards novel objects would predict approach and in-
spection of a novel predator model in a test context. I also predicted
a relationship between boldness and the number of times that in-
dividuals inspected naturally occurring snakes under naturalistic
conditions. I further explored sex and age differences in boldness
and predator inspection, including exploring the consistency of
patterns of ageesex class differences across contexts. Finally, given
a relationship between dominance rank and some aspects of
behaviour in vervet monkeys (Cheney & Seyfarth, 1992), I addi-
tionally explored whether boldness towards novel objects was
related to dominance rank in the study population.

METHODS

Study Site and Subjects

The study was conducted in the Soetdoring Nature Reserve in
the Free State Province, South Africa (28�500S, 26�20E). The region
has an arid steppe climate (Kottek, Grieser, Beck, Rudolf, & Rubel,
2006), with rainfall averaging 400e600 mm per annum (Janecke,
2002). The predominant vegetation is grassland, with riparian
vegetation dominated by Acacia karoo occurring along the river that
bisects the reserve (Janecke, 2002; Janecke & du Preez, 2005).
Several vervet monkey troops are found in the reserve, and two of
these (a large group averaging ~60 individuals over the course of
the study, and a small group averaging ~20) were followed and
habituated to human observers. The study subjects were all adult
and subadult individuals in each group (Table 1), all of whomwere
individually recognizable based on distinctive facial and body fea-
tures. Juveniles were not all individually recognizable and are not
included in this study.

Following previous studies in vervets (e.g. Isbell & Pruetz, 1998;
McDougall, 2010; van de Waal, Borgeaud, & Whiten, 2013), I clas-
sified females as adults after they had given birth. At the beginning
of the study, multiparous females were recognized on the basis of
their elongated nipples, indicative of having previously nursed
offspring. Subadult females were recognized by their larger body
size compared to juveniles. Five of the seven females classified as
subadults in early 2012 gave birth in late 2012 during the period of
novel object tests and snake inspection observations. The age
classification of these females therefore varied over the relevant
study period, but for simplicity they are treated as adults in ana-
lyses. Adult males were recognized on the basis of a large body size
and fully developed testes, and subadult males were those males
that were the same size as or larger than adult females, but smaller
than adult males and with smaller testes.

The vervet troops under study subsisted on an almost exclu-
sively natural diet, with seeds, leaves, flowers, berries, gum and
insects forming the bulk of their diets. Infrequently eaten foods
included eggs, small birds, honeycomb, small lizards and food
scraps found in refuse bins or on the ground at picnic sites in each
group's home range. Soetdoring is a small provincial nature reserve,
and visitors to picnic sites within the study groups' home ranges
were uncommon. Human-made materials were occasionally seen
in other parts of the reserve; these were generally plastic waste
(e.g. plastic bottles, bits of plastic), which had washed down the
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river and had been deposited on riverbanks. Themonkeys generally
ignored these objects, although infants and young juveniles would
occasionally be seen playing with them. Confirmed predators of
vervet monkeys found at the site include caracal, Caracal caracal,
black-backed jackal, Canis mesomelas, and martial eagles, Polem-
aetus bellicosis (Cheney & Seyfarth, 1981; Ducheminsky, Barrett,
Henzi, & Henzi, 2014). Large constricting snakes that prey on ver-
vets at other sites are not found in this region, but venomous Cape
cobras,Naja nivea, and puff adders, Bitis arietans, are common in the
reserve. No snake bites were observed during this study, but ver-
vets alarm-called at both of these species, and venomous snake
bites are a source of mortality for vervets at other sites in South
Africa (Ducheminsky et al., 2014; Pasternak et al., 2013).

This study, including all experimental protocols, was approved
by New York University's University Animal Welfare Committee
(Protocol number 12-1391) andwas conductedwith the permission
of the Department of Economic Development, Tourism and Envi-
ronmental Affairs of the Free State Province in South Africa (Permit
number 01/9912).

Novel Object Tests

Novel object tests were carried out AugusteNovember 2012 by
four experienced observers (the author and three field assistants)
who were each familiar with all study animals. We presented the
novel stimuli away from the picnic sites, in areas of the home range
where human-made objects were not seen, and we conducted tests
with four different novel objects (Supplementary Fig. S1) in a fixed
sequence. The first test was a group-based test, designed to
approximate the standard ‘home-group novelty test’ previously
used to measure novelty seeking in captive vervets (Fairbanks &
Jorgensen, 2011). The novel stimulus comprised an arrangement
of exotic, nontoxic potted plants with brightly coloured flowers
placed in the centre of a large, open clearing found in each group's
home range. The aimwas to expose the entire group to the stimulus
as they crossed from one side of the clearing to the other. In the
three subsequent individual-based tests, we presented individual
animals with novel objects placed in their paths of travel while they
were moving between food patches (Bergman & Kitchen, 2009;
Carter et al., 2012). The novel items for these tests were: (1) a
14 cm long green and brown toy plastic grasshopper; (2) a 14 cm
long bright yellow and red toy scorpion; and (3) a 25 cm long
rubber grey lizard (Supplementary Fig. S1). Objects were chosen for
their ecologically salient characteristics and are similar to those
previously used in captive vervet studies (e.g. cloth snakes, plastic
tarantulas: Fairbanks et al., 2011; Laudenslager et al., 2011).

For the group-based tests, we placed the novel plant arrange-
ment in the centre of the clearing ahead of each groups' arrival in
the area (see Supplementary Fig. S2). Apart from the novel item,
testing equipment included a staked ring of thin white rope
marking out the area within a 1 m radius of the stimulus, a large
outer ring of rope marking out the area within a 10 m radius and
four tripods situated outside the outer ring. We habituated both
groups to this testing equipment before carrying out tests, so that
only the plant arrangement was novel to them. To do this, we set up
all of the testing equipment except for the novel object and waited
until each group had crossed the areawithout showing a noticeable
reaction to the testing equipment at least once before conducting
tests. During the test, three observers for the large group, and one
observer for the small group, each manned a camcorder (Canon
VIXIA HF R20, Tokyo, Japan; and Panasonic LUMIX DMC-ZS7,
Kadoma Osaka, Japan) and recorded the identities of all in-
dividuals seen in the area as well as all individuals who approached
to within 10 m and to within 1 m of the novel item (Supplementary
Fig. S3).
We used a standard procedure for each of the individual-based
tests, with one exception. For all tests with the first object, the
grasshopper, a string measuring 1 m was staked to the ground
adjacent to the object to allow amore accurate determination of the
instant that an individual entered within 1 m of the object. This
string was not used in subsequent tests with the scorpion or the
lizard. For all individual-based tests, an observer moved ahead of
the study animals when the troop was travelling or foraging and
secured the objects in their projected path of travel, taking care to
remain out of view while doing so. The observer began filming
when any animal moved into the area within 10 m of an object, and
they recorded (1) the identity of any animal that came to within
5 m of the object, (2) the time when the animal first noticed the
object, (3) the time when the animal approached to within 1 m of
the object and (4) any exploratory behaviour including sniffing,
touching or handling the object.

We aimed to collect one trial with each novel object for each
individual subject, and all trials were filmed (Supplementary
Movies S1eS6). Table 1 shows the number of individuals that we
were able to test successfully with each novel object, including the
sex and age classes of animals. In the group-based test, all in-
dividuals in the small group were seen in the vicinity of the novel
object, but in the large group, 6/30 (20%) individuals were not
observed crossing the area. This behaviour was not unusual as the
large group was frequently spread out over a large area while
travelling or foraging, and these six individuals (three adult fe-
males, one adult male and two subadult males) presumably took a
different route around the area. For the grasshopper test, the
camcorder battery failed during a test on an adult male, and we did
not manage to get a successful test on one subadult male despite
several repeated attempts. For the scorpion and lizard tests, we
successfully tested 34/39 (87%) individuals (one adult female dis-
appeared from the large group before these tests took place). For
these last two tests, we abandoned attempts to capture a successful
test of an individual after several failed attempts, most commonly
due to the individual not travelling in the direction where we had
placed the object or not appearing to see the object while passing
by near it on several occasions.

Boldness Scores

The following data were extracted from video recordings of all
first trials of individuals with each object: (1) time spent inspecting
the object from within 1 m, (2) time spent handling the object,
where ‘handling’ was defined as any manual contact lasting more
than 1 s, (3) the number ‘brief touches’ of the object (i.e. manual
contact lasting less than 1 s) and (4) the number of ‘sniffs’ of the
object, defined as an individual approximating their nose to within
a few centimetres of the stimulus. Since precision in recording
durations was to the nearest whole second, and brief touches were
often seemingly instantaneous and duration could not be
measured, the number of instances of touching lasting less than 1 s
was scored as a count. Similarly, as sniffs generally lasted 1 s or less,
and it was difficult to determine the instant at which a sniff began
and ended, I measured instances of sniffing as counts. The social
context of each novel object approach, in terms of whether any
other individual was present within 1 m of the object on a study
subject's first approach to the stimulus, was also scored for each
trial. A single observer (the author) coded all novel object test video
recordings, blind to the snake inspection scores of the study ani-
mals, as the latter were only computed after all novel object tests
videos had been coded and scored.

The plants, grasshopper and scorpion stimuli elicited qualita-
tively similar behavioural responses from study animals in each
group, with a portion of individuals from each group approaching
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and inspecting each object from within 1 m, sniffing, briefly
touching and handling or manipulating the object; the lizard
stimulus elicited a distinct set of behaviours (see below). For each of
the items other than the lizard, a qualitative boldness score (Drent,
van Oers, & van Noordwijk, 2003; Fox, Ladage, Roth, & Pravosudov,
2009; Martins, Roberts, Giblin, Huxham, & Evans, 2007) on a scale
of 0e8 was assigned for each individual � object trial based on a
composite of inspection, sniffing, touching and handling behaviour
scores. Individuals who saw the object but did not approach within
1 m of it, or who glanced at it only briefly (for 1 s or less) when
passing by within 1 m of it were given a score of 0. A score of 1 was
assigned for those trials where individuals only inspected the ob-
ject (for at least 2 s). Individuals that sniffed or touched an object
once only beforemoving onwere given a score of 2. A score of 3 was
given for those trials where individuals sniffed or briefly touched an
object two to six times. For individuals who explored the object
more intensively (scores 4e8), including handling the stimulus, I
combined sniffing, touching and handling into a composite ‘object
interaction’ score by adding the number of sniffs and number of
brief touches, multiplied by 0.5, to handling duration. Sniffs and
touches were averaged to 0.5 s each since these behaviours ranged
from seemingly instantaneous (subject lowers head to, or makes
contact with, object and immediately pulls back) to 1 s. Scores
between 4 and 8 are therefore differentiated based on the
approximate time that individuals spent in close interaction
(manual or olfactory) with the object.

Novel Potential Predator Test

Monkeys showed qualitatively distinct responses to the lizard
stimulus compared to the other novel items. Only a few individuals
approached the lizard stimulus definitely to within 1 m, while
several more inspected the lizard from the area bordering 1 m. In
several cases, animals changed their direction of travel to avoid
getting closer to the lizard after noticing it, and a few individuals
backed away from it or gave snake alarm calls after noticing it. The
range of behavioural responses directed at the lizard was qualita-
tively similar to those observed when monkeys naturally encoun-
tered snakes, suggesting that vervets perceived the lizard as a
potential threat and that this item can therefore be classified as a
potential novel predator stimulus.

As the range of behaviour expressed by monkeys in the lizard
test was qualitatively distinct from that in the three tests above,
responses were accordingly scored using a different scheme. I
recorded (1) the distance at which the individual first noticed the
stimulus, (2) whether or not they moved closer the stimulus after
seeing it and (3) the closest distance from which they inspected it
for at least 1 s.

Snake Encounter Observations

During the course of all-day group follows from 14 September to
10 December 2012, my research assistants and I recorded all in-
stances of vervets' encounters with snakes occurring naturally
within their home range on an ad libitum basis. For each encounter,
we recorded the identities of all individuals that inspected the
snake from within 5 m. Multiple snake encounters were recorded
on some days, but each encounter involved a different snake. In the
majority of cases where the species of snake could be identified,
these were confirmed to be either venomous puff adders or Cape
cobras.

At the time that I added the requirement to record all snake
inspections to the data collection protocol of the larger project of
which this study is a part, I could not predict that wewould observe
as many naturally occurring snakes as we did over these 12 weeks
(i.e. that there would be a large enough sample to analyse).
Although observers did consistently record snake inspections ab
libitumwhenever they were observed, we only recorded the names
of each adult or subadult seen inspecting a snake from within 1 m
(too few instances for analysis) and from 1 m to 5 m. We did not
record any other data, such as who saw the snake first, individuals'
behaviour towards the snakes, the identities of individuals who
saw other animals inspecting the snake and/or who heard alarm
calls directed at the snake and did not approach to within 5 m, or
the spatial position of the snake encounter relative to the rest of the
group (e.g. whether it occurred at the periphery or in the centre of
the group). The reason we did not record these data was because
the snake inspections were not a focus of the project at the time of
data collection, so that we recorded them in a simple manner
similar to other unusual events that were not a focus of the project
(e.g. occurrences of individuals coming to within 10 m of human
visitors at picnic sites, which occurred too infrequently for
analysis).

Dominance Ranks

Using 20 min focal animal samples, we recorded all dominance
interactions (i.e. visual and vocal threats, submissive cowers and
screams, approaches and retreats, and interactions involving
aggression, such as lunges, attacks and chases) involving study
animals. We additionally recorded ad libitum observations of
decided dyadic agonistic interactions (i.e. those with a clear winner
and loser). Data on all decided dominance interactions over the
entire study period from January to December 2012 (2938 h and
1078 h of focal observations for the large and small groups,
respectively, supplanted by ad libitum observations) were used to
construct separate dominance hierarchies for females and formales
in each group using the Elo-ratingmethod (Albers& de Vries, 2001;
Elo, 1978; Neumann et al., 2011). For Elo-rating calculations, I used
the R package ‘EloRating’ (Neumann & Kulik, 2014), with the
starting score set to 1000 and k (the arbitrary number of points that
an individual gains or loses as a result of an interaction) set to 100
(Neumann et al., 2011). I extracted Elo-ratings from August to
November 2012, the 4 months over which novel object tests took
place, and calculated dominance ranks based on individuals' mean
Elo-ratings over this period.

Statistical Analyses

Data analyses were conducted in R version 3.2 (R Core Team,
2015) as follows. For analyses of novel object boldness, I included
all first trials of study subjects with the plants, grasshopper and
scorpion for which it was possible to score behaviour from film (in
one case, the video camera battery expired and a trial was not
filmed). I included trials where individuals approached the object
while there were other animals already within 1 m of the item, and
I tested for an effect of this ‘social context’ variable on boldness
score using a generalized linear mixed model (GLMM). Because
boldness scores were highly skewed towards minimal and low
values and had the characteristics of a Poisson distribution with
overdispersion and a mean less than five (Bolker et al., 2009), I
modelled the scores with negative binomial ‘type I’ (quasi-Poisson)
parameritization using the R package ‘glmmADMB’ (Fournier et al.,
2012; Skaug, Fournier, Nielsen, Magnusson, & Bolker, 2013). I
entered ‘social context’ (i.e. presence/absence of another individ-
ual) as a fixed effect in the model and included only those trials
where individuals approached the novel object to within 1 m (I
could not include cases where individuals did not approach the
object, since social context could not be scored for those cases).
Finally, I entered ‘individual ID’ as a random effect and also included



Table 2
Effects of social context and group on boldness scores for all trials where individuals
approached the object (N ¼ 89 trials, 39 individuals)

Variables Estimate SE z P

Intercept 0.826 0.143 5.78 <0.001
Social context (social approach) 0.189 0.229 0.83 0.41
Group (small) 0.293 0.275 1.07 0.29
Social context)group �0.305 0.383 �0.79 0.43

GLMM: dependent variable: novel object boldness score (0e8); random effect: in-
dividual ID (variance ¼ 0.164, SD ¼ 0.405). Significant outcomes are shown in bold.
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‘group ID’ (large/small) and a ‘group ID’ � ‘social context’ interac-
tion as fixed effects.

To assess individual consistency in novel object boldness, I
calculated the repeatability, R, of boldness scores using the ‘rptR’
package (Nakagawa & Schielzeth, 2010). Given the distribution of
boldness scores, I specified a Poisson GLMM with multiplicative
overdispersion and a log link and estimated repeatability on the
latent (log-normal) scale (Nakagawa & Schielzeth, 2010). I calcu-
lated repeatability of scores for all three objects together, as well as
for just the grasshopper and plants tests (i.e. excluding the scorpion
test), and estimated repeatabilities for both sexes pooled as well as
for each sex class separately.

Boldness scores for the novel object test with the toy scorpion
had a very discontinuous distribution and were characterized by
high negative skew (94% of scores falling in the 0e3 range) and less
variation than scores for the other two tests. Therefore, in subse-
quent analyses I used the mean score from only the plants and the
grasshopper tests, where animals exhibited the most variability in
their degree of exploratory behaviour. As a complement to
repeatability analyses, I used Spearman rank correlations to assess
the relationship between individuals' behaviour in the grasshopper
and in the plants tests. I then calculated the mean of individuals'
scores on these two novel object tests for the 33 individuals who
participated in both tests and used this as the measure of individual
‘boldness’. I tested for a relationship between dominance rank and
boldness using Spearman correlations, with relative dominance
ranks calculated as the proportion of same-sex group-mates that an
individual outranked.

I explored the relationship between boldness and the number of
separate occasions that individuals were observed inspecting
snakes in two ways. First, I used a Spearman rank correlation,
following conventions in the animal personality literature where
correlation tests are used to test for the existence of ‘behavioural
syndromes’, or relationships between distinct behaviours
(Garamszegi, Mark�o, & Herczeg, 2012; Garamszegi, Marko, &
Herczeg, 2013). Second, I tested for this relationship while con-
trolling for the effect of sex and age class, using a Poisson gener-
alized linear model with log link and the number of snake
inspections as the response variable, and sex, age class (adult or
subadult) and boldness as predictor variables.

As vervets' responses to the toy lizard suggested that they
perceived this stimulus as a novel potential predator, I also inves-
tigated whether either boldness or snake inspection behaviour
predicted individual responses to the lizard stimulus. As the
response variable, I used the binary criterion of whether individuals
who first saw the lizard from more than 1 m away moved closer
towards it and inspected it. Because it is not known whether in-
dividuals who only noticed the lizard once they were already
within 1 m of it would have approached it, I excluded those trials.
This left a sample of N ¼ 23 individuals, of which 19 had boldness
scores. To investigate the effects of boldness and snake inspection
behaviour on the probability of approaching the lizard, I ran
separate logistic regressions with lizard approach (yes or no) as the
binary response variable and boldness and snake inspection score
as predictors. I also ran each of these models with sex and age class
included as covariates to evaluate the relationship when these
factors were controlled for.

To further explore ageesex class patterns of variation in mean
novel object boldness and snake inspection scores, I used Krus-
kaleWallis tests to evaluate differences in scores between three of
the four ageesex classes included in the study (adult females, adult
males and subadult males). Since five of seven females classified as
subadults at the start of the study matured into the adult category
during the experimental period, the remaining sample of two
subadult females was too small to test for differences. Where
KruskaleWallis tests showed a significant difference between
ageesex groups, I followed up with post hoc multiple comparison
tests using the ‘kruskalmc’ function from the R package ‘pgirmess’
(Giraudoux, 2014). I also tested for differences in mean boldness
and snake inspection scores between social groups using Wilcoxon
two-sample tests.

RESULTS

Novel Object Tests

Data were extracted from 105 successful first novel object trials
with 40 individuals (mean ¼ 2.8, median ¼ 3, range 1e3 trials per
individual). For trials where individuals approached the novel ob-
ject and where the social context on approach could also be scored
(N ¼ 89 cases), therewas no effect of social context on boldness, nor
was there an effect of group, or a group)social context interaction
(Table 2). All trials regardless of social context were therefore
retained for calculation of repeatability. Individual novel object
boldness scores across all three tests were found to be significantly
repeatable (link scale R ¼ 0.37, CI ¼ 0.16e0.59, P ¼ 0.003), as were
scores when only the grasshopper and plants tests were considered
(link scale R ¼ 0.39, CI ¼ 0.07e0.66, P ¼ 0.02). When separated out
by sex, females' boldness scores were repeatable (R ¼ 0.44,
CI ¼ 0.15e0.70, P ¼ 0.007) but those of males were not (R ¼ 0,
CI ¼ 0e0.36, P ¼ 0.46). Likewise, when assessed using Spearman
correlation tests, there was a significant positive correlation be-
tween scores in the grasshopper and plants tests in females
(rS ¼ 0.48,N ¼ 20, P ¼ 0.03), but no correlation inmales (rS ¼ �0.15,
N ¼ 13, P ¼ 0.62). When both sexes were included in one analysis,
the correlation was moderate and significant (rS ¼ 0.43, N ¼ 33,
P ¼ 0.01; Fig. 1). There was a no relationship between dominance
rank and boldness for females (rS ¼ e0.21, N ¼ 20, P ¼ 0.93;
Supplementary Fig. S4) or males (rS ¼ e0.16, N ¼ 13, P ¼ 0.59;
Supplementary Fig. S4).

Snake Inspections

Betweenmid-September andmid-December 2012, we observed
a total of 53 different encounters between vervets and snakes (large
group: 39 encounters; small group: 14). The mean number of study
individuals (i.e. excluding juveniles) observed inspecting a single
snake from 5 m over the course of an encounter was 3.8
(median ¼ 3, range 1e11), andwe collected a total of 200 individual
snake inspection records. The number of separate snake inspection
observations per individual over this 12-week period ranged from
0 to 13 (mean ± SD ¼ 5.1 ± 3.5). There was no difference in the
number of snake inspections per individual between the large and
small groups (Wilcoxon two-sample test: W ¼ 173.5, P ¼ 0.4).
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Figure 1. Correlation between individuals' behavioural scores in the ‘grasshopper’ and
‘plants’ novel object tests. C: adult females; C: subadult females; : adult males; :
subadult males. Black points represent multiple individuals having the same x and y
values in scatterplots whereas grey points represent individuals.

Table 3
Estimates from the GLM describing the effects of mean boldness score, sex and age
class on snake inspection score (N ¼ 33 individuals)

Variables Estimate SE z P

(Intercept) 1.02 0.16 6.20 <0.0001
Age (Subadult) 0.27 0.22 1.26 0.208
Sex (Male) 0.37 0.17 2.18 0.029
Boldness 0.11 0.05 2.43 0.015

Significant outcomes are shown in bold.

Table 4
Results of logistic regressions testing the effects of boldness (N ¼ 19) and snake
inspections (N ¼ 23), with and without sex and age class included as covariates in
models, on approach (0/1) of the novel lizard stimulus

Odds ratio CI P

Boldness
(Intercept) 0.06 0.00e0.56 0.042
Boldness 2.48 1.34e6.72 0.020
Sex (Male)
Age (Subadult)

Boldnessþsexþage
(Intercept) 0.02 0.00e0.32 0.047
Boldness 2.34 1.02e11.10 0.129
Sex (Male) 20.02 1.26e1045.73 0.061
Age (Subadult) 1.16 0.01e59.15 0.940

Snakes
(Intercept) 0.05 0.00e0.53 0.029
Snakes 1.74 1.20e3.03 0.015
Sex (Male)
Age (Subadult)

Snakesþsexþage
(Intercept) 0.02 0.00e0.39 0.030
Snakes 1.46 0.91e2.72 0.154
Sex (Male) 13.57 1.13e453.47 0.065
Age (Subadult) 4.25 0.28e112.14 0.301

CI: confidence intervals. Significant outcomes are shown in bold.
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Relationships Between Boldness and Predator Inspection and
AgeeSex Patterns

Across individuals, mean novel object boldness was correlated
with the number of snake inspection observations (rS ¼ 0.62,
N ¼ 33, P ¼ 0.0001; Fig. 2). Boldness was also a significant predictor
of snake inspection score when sex and age were controlled for
(GLM: b ± SE ¼ 0.11 ± 0.05, z ¼ 2.43, P ¼ 0.015; Table 3). While sex
was also a significant predictor of the number of snake inspections,
with males having higher inspection scores than females, age class
was not (Table 2). Additionally, both boldness and snake inspection
score were significant predictors of approach to the novel lizard
stimulus (boldness: b ± SE ¼ 0.91 ± 0.39, z ¼ 2.33, P ¼ 0.02; snake
inspection: b ± SE ¼ 0.56 ± 0.23, z ¼ 2.43, P ¼ 0.03; Table 4).
Although the effects of sex and age on lizard approach were sig-
nificant when each of these was evaluated separately (sex:
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Figure 2. Correlation between mean boldness score and snake inspection observation
count for N ¼ 33 individuals who participated in both the grasshopper and the plants
novel object tests. C: adult females; C: subadult females; : adult males; : subadult
males. Black points represent multiple individuals having the same x and y values in
scatterplots whereas grey points represent individuals.
b ± SE ¼ 3.01 ± 1.21, z ¼ 2.48, P ¼ 0.01; age class:
b ± SE ¼ 2.05 ± 0.95, z ¼ 2.15, P ¼ 0.03), a model including all three
covariates did not show any of these three effects to be significant.
For individuals who approached and inspected the lizard (N ¼ 13),
the average boldness score was 4.75, for those who did not
approach (N ¼ 10) it was 1.78. The mean number of snakes
inspected by individuals who approached the lizard was 7.6; for
individuals who did not approach the lizard, it was 4.0.

Tests for differences in scores between adult females, adult
males and subadult males (the sample of two subadult females
being too small to test for differences) found significant differences
for boldness (c2

2 ¼ 13.6, P ¼ 0.001) and for snake inspection
(c2

2 ¼ 12.7, P ¼ 0.002). In each case, post hoc multiple comparison
tests showed significant differences between adult females and
subadult males, but not between any other ageesex class (Fig. 3).
Although small sample size precluded tests of ageesex class dif-
ferences for the lizard test, a qualitatively similar pattern of
ageesex class differences was evident; the proportion of in-
dividuals who approached the lizard was highest for subadult
males (100%), intermediate for adult males (66%) and lowest for
adult females (18%) (Fig. 3c).
DISCUSSION

Repeatability of Boldness and Consistency Across Contexts

The behaviour of vervet monkeys towards novel objects, pre-
sented to them in their natural environments with minimal
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Figure 3. Ageesex class distributions of (a) mean boldness scores, (b) snake inspection count and (c) the proportion of individuals who approached the novel lizard stimulus
(black ¼ approach, white ¼ no approach). Shown in (a) and (b) are median, interquartile range, minimumemaximum range and individual values. **P < 0.01. In (a) and (b), the
sample of subadult females (N ¼ 2) was too small to allow tests for differences.
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disturbance during usual daily travelling and foraging, was
repeatable. Repeatability of behaviour is considered a diagnostic
criterion of ‘personality’ in the animal behaviour literature
(Garamszegi et al., 2012; R�eale, Dingemanse, Kazem, & Wright,
2010). When males' and females' novel object boldness scores
were analysed separately, however, boldness was repeatable in
females, but not in males. Females were consistent in their gener-
ally low (i.e. lack of active approach and exploration) responses to
different novel objects, whereas the responses of males were more
variable between tests, and males' responses in the ‘grasshopper’
and ‘plants’ novel object tests were not correlated with each other.
Mean boldness scores were not related to dominance rank in either
sex.

Mean boldness scores predicted approach of the novel lizard
predator model as well as the number of times that individuals
were observed inspecting naturally occurring snakes at close range.
Additionally, the number of naturalistic snake inspections recorded
for an individual was found to predict behaviour in the lizard test,
demonstrating individual consistency in antipredator behaviour
across an experimental and a naturalistic context. Patterns of
ageesex class differences in behaviour were also remarkably
consistent across each of these three contexts.

Two previous studies in wild primates have examined re-
lationships between novel object boldness and risk taking in an
antipredator context. In wild mouse lemurs, Microcebus murinus,
latency to feed on a provisioned platform on the ground (a situation
associatedwith increased predation risk) was correlatedwith novel
object boldness (Dammhahn& Almeling, 2012). By contrast, inwild
baboons (Papio ursinus), boldness was not related to antipredator
behaviour towards a taxidermied puff adder (Carter et al., 2012).
Comparison of the results of the latter study with the present one is
interesting, as both were conducted on wild, group-living cerco-
pithecine monkeys, with similar evolutionary ecologies and habi-
tats, and using similar methods. The difference in the results of the
study in baboons and the present study may be due to species
differences (i.e. variation in the structure of boldness across spe-
cies). Alternatively, the difference in findings may have to do with
the type of antipredator behaviour considered in each study:
whereas Carter et al. (2012) focused on anxiety-related behaviour
or reactive responses to a snake by baboons presented with the
stimulus when evaluating the relationship of antithreat behaviour
and novel object boldness, in the present study I scored whether
individuals who saw the lizard from more than 1 m away proac-
tively approached it to inspect it at closer range.
The positive relationship between boldness and snake inspec-
tion count is difficult to interpret in the absence of more detailed
data on snake encounters. Collection of snake inspection observa-
tions was opportunistic and only the identities of individuals
inspecting snakes from within 5 m were recorded. Higher snake
inspection counts could reflect a higher encounter rate with snakes
perhaps because some individuals travelled or foraged more
commonly at the edge of a group where snakes may be more likely
to be encountered. Because we did not record data on cases when
individuals were aware of a snake (e.g. being in the vicinity when
conspecifics gave alarm calls) but did not approach it, we cannot
control for opportunity to inspect snakes. It is quite possible that
the relationship between novel object boldness as well as novel
predator inspection and snake inspection is mediated by within-
group spatial position or other factors, and further research is
needed to explore these possibilities.

AgeeSex Patterns of Boldness and Predator Inspection

Ageesex distributions for mean boldness scores, snake in-
spections and the proportion of each ageesex class that
approached the novel lizard were strikingly similar across contexts
(Fig. 3), and tests for ageesex class differences in boldness and
snake inspections found that subadult males had lower scores than
adult females in both contexts. In both cases, adult males' scores
were between those of adult females and subadult males, and
although subadult females' scores could not be evaluated statisti-
cally, the two subadult females had high scores in both contexts.
Approaches to the lizard stimulus followed the same pattern: all
male and female subadults approached the lizard, as did two of
three adult males, but only two of 11 adult females did so.

Age differences in responses to novel objects have been found in
a number of other studies (Bergman & Kitchen, 2009; Dammhahn,
2012; Miller, Bugnyar, P€olzl, & Schwab, 2015), including in captive
vervet monkeys (Fairbanks & Jorgensen, 2011; Fairbanks et al.,
2011), and in most studies, younger (juvenile and/or subadult) in-
dividuals were more exploratory (but see Dammhahn, 2012).
Exploration of novel stimuli is expected to be particularly impor-
tant for younger animals, who need to learn about resources in
their environments in order to better exploit them (Miller et al.,
2015). Predator inspection has been described as ‘seemingly para-
doxical’ behaviour, since it is expected to increase an individual's
risk of injury or mortality (Dugatkin & Godin, 1992), and studies
have indeed found these expectations to be justified (Dugatkin,
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1992; Fitzgibbon, 1994). However, given its widespread occurrence,
predator inspection is hypothesized to be adaptive, and one of its
proposed benefits is information acquisition (Dugatkin & Godin,
1992). Acquiring detailed information on, and thus learning
about, potential predators may help animals to respond appropri-
ately to future threats (Fishman, 1999), which may help to explain
why the number of snakes inspected was higher for subadults
compared to adults in this study and why a higher proportion of
subadults (100%) compared to adults (29%) approached the novel
potential predator model. Similar age patterns in willingness to
approach and inspect predators have been found in several other
species (Fitzgibbon, 1994; Meno, Coss, & Perry, 2013;
Ramakrishnan, Coss, Schank, & Dharawat, 2005).

Sex differences in boldness or risk taking have also been found
in a number of studies (Dammhahn, 2012; King, Fürtbauer,
Mamuneas, James, & Manica, 2013; van Oers, Klunder, & Drent,
2005), but they are not as common a finding as age differences.
Whether or not sex differences are found in these personality traits,
and the direction andmagnitude of these differences, is expected to
be related to species' sex-specific life history strategies (King et al.,
2013; Schuett & Dall, 2009; Schuett, Tregenza, & Dall, 2010).

Boldness, Risk and Life History Trade-offs in Vervet Monkeys

The patterns of age and sex differences in boldness found for
vervet monkeys in this study fit well with expectations of ageesex
class differences in riskereward profiles of bold behaviour
considered within a life history framework. While the riskereward
profile of boldness for immature individuals of both sexes is ex-
pected to be similar (since both males and females need to acquire
knowledge about their environments in order to become successful
adults), these profiles are expected to diverge with the onset of
reproductive maturation. Female vervet monkeys are philopatric,
while males typically disperse out of their natal groups when they
reach sexual maturity. Boldness may therefore be predicted to in-
crease in males as they near sexual maturity, as attraction to nov-
elty and greater risk taking should facilitate dispersal into a novel
group and home range. For females, the onset of sexual maturity
heralds a female's first birth, and once a female has become
reproductively active, an infant or young juvenile will likely
accompany her in her daily activities over most of her remaining
life span. Therefore, when an adult female approaches a novel or
other potentially dangerous stimulus, she will often not only be
placing herself at risk but also her vulnerable offspring.

The potential influence of sex-specific strategies on the evolu-
tion of personality variation has only recently been addressed by
animal personality researchers (King et al., 2013; Schuett & Dall,
2009; Schuett et al., 2010), and currently some studies do not
report tests for sex (or ageesex) differences in traits such as bold-
ness (e.g. Carter et al., 2012). One exception is studies by compar-
ative psychologists on captive nonhuman primates, where sex
differences in personality traits are commonly tested for and
documented (e.g. Koski, 2011; Sussman, Ha, Bentson, & Crockett,
2013; Weiss & King, 2015).

The relative neglect of sex differences in animal personality
studies within behavioural ecology is surprising, given that selec-
tion pressures acting on many personality traits would be expected
to differ between the sexes (Schuett & Dall, 2009; Schuett et al.,
2010). Interestingly, studies in captive vervet monkeys have
found age, but not sex, differences in boldness (Bailey et al., 2007;
Fairbanks et al., 2011). These studies have been conducted primarily
in a biomedical framework, with an aim towards understanding
differences in novelty seeking in humans. However, meta-analyses
of human studies find men to have higher scores for ‘sensation
seeking’ (‘the desire to pursue novel or intense experiences’, Cross,
Cyrenne, & Brown, 2013, p. 1) than women across a diversity of
cultural groups (Costa, Terracciano, & McCrae, 2001). The de-
mographic distribution of boldness among wild vervets thus par-
allels the distribution of analogous variation in humans more
closely than that in captive vervets.

Conclusions

This study provides a crucial ecological validation of boldness in
awild social primate. Boldness towards novel objects was related to
approach of a novel potential predator and to the number of times
individuals were observed inspecting predators in a naturalistic
context. Patterns of ageesex differences in boldness, predator
approach, and snake inspection count were similar across all three
contexts and fit well with expectations of ageesex class-specific
costs and benefits of exploratory risk-taking within a life history
framework.
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