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Abstract

1. Touchscreen technology has provided researchers with opportunities to conduct well-
controlled cognitive tests with captive animals, allowing researchers to isolate individuals,

select participants based on specific traits, and control aspects of the environment.

2. In this study, we aimed to investigate the potential utility of touchscreen technology for the
study of cognition in wild vervet monkeys. We assessed the viability of touchscreen testing
by comparing rates of participation between wild and sanctuary-housed vervets. Additionally,
we compared performance on a simple associative learning task in order to verify that wild
participants are able to engage meaningfully with a touchscreen task presented in their natural

environment.

3. We presented eight groups of vervet monkeys (four wild and four sanctuary groups,
totalling 240 individuals) with a portable touchscreen device. The touchscreen displayed
tasks in which food rewards could be gained by touching a stimulus displayed on the screen.
We assessed individuals’ likelihood of interacting with the touchscreen, their frequency of

participation, and their performance on a simple associative learning task.

4. We found that sanctuary-housed monkeys were more likely to interact with the
touchscreen. Participation in wild vervet monkeys was influenced by sex and age. However,
monkeys in the two contexts (sanctuary versus wild) did not differ in their performance on a

simple associative learning task.

5. This study demonstrates that touchscreen technology can be successfully deployed in a
population of wild primates. This gives us a starting point to test animal cognition under
natural conditions that include varying group composition, environmental challenges, and
ongoing activities such as foraging, which are challenging to recreate in captivity. While rates
of participation were lower than those found in captivity, reasonable sample sizes can be
achieved, and wild primates can successfully learn touchscreen tasks in a manner comparable

to their captive counterparts.

Keywords:
Touchscreen field experiment - Captivity effect - Free time hypothesis - Participation

Cognitive task - Vervet monkey
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Introduction

In recent years, while many experiments have been done to quantify both within and
between-species differences in cognition, most have been conducted in captive environments
such as zoos (see Hopper, 2017 for review) or laboratories, with relatively few conducted in
the wild (Martin et al., 2022; Pritchard et al., 2016). In captivity, researchers can control
environmental factors, animals can be isolated from the rest of the group, and can be sampled
based on individual characteristics. Research conducted in captivity raises two key questions;
how representative is the cognition of captive animals in comparison to their wild
counterparts, and if there are differences, from where do they stem? Identifying the ways in
which captive animals’ cognitive abilities may differ from those of wild animals could
provide an insight into the extrinsic and intrinsic factors influencing performance on
cognitive tests. To answer these questions, it is necessary to find ways to study animal

cognition in the wild in a manner that is comparable to captive tests of cognition.
Studying cognition in the wild

There has been an increase in cognitive experiments conducted in the wild since
Matsuzawa’s pioneering ‘outdoor laboratory’ at the chimpanzee fieldsite Bossou
(Matsuzawa, 1994), along with improvements in the methods and technology used (Szabo et
al., 2022). Cognitive experiments have been conducted with wild subjects across a wide
range of taxa, from spatial cognition in wild rufus hummingbirds (Selasphorus rufus, Healy
& Hurly, 2013), innovative problem solving in wild meerkats (Suricata suricatta: Thornton
& Samson, 2012), to reversal learning in wild vervet monkeys (Chlorocebus pygerythrus:
Kumpan et al., 2020). These studies have the benefit not only of complementing existing
research into cognition in captive animals, but additionally testing animals within their
natural context, with the ecological pressures that it entails (Harrison & van de Waal, 2022).
A challenge of conducting cognitive research in wild populations is finding methods which
can be deployed in the field and produce comparable data to captive studies. One possibility,

explored in the current study, is the use of touchscreen technology.
Touchscreens in cognitive testing

Touchscreens have been used in captivity to examine cognitive processes including memory,
decision making, associative and reversal learning, and collaboration (Egelkamp & Ross,
2019). There are already many examples of cognitive testing using touchscreens in captive

primates (Martin et al., 2022). For example, touchscreens have been used to test working
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memory in captive chimpanzees (Inoue & Matsuzawa, 2007; Kawai & Matsuzawa, 2000),
risk-taking in chimpanzees, gorillas (Gorilla gorilla gorilla) and Japanese macaques (Macaca
fuscata) (Leinwand et al., 2020) and in-group recognition in capuchin monkeys (Sapajus
apella) (Pokorny & de Waal, 2009). While touchscreens could be an innovative device to test
wild animals, they bring technical challenges, namely the potential lack of electricity and Wi-
Fi connection outside of captive environments (Schmitt, 2019). On the other hand, studying
animals under unnatural conditions, such as small group sizes, isolation, and close contact
with humans, affects their behaviour (Forss et al., 2022; Seferta et al., 2001; Woolverton et
al., 1989), suggesting that researchers should explore the potential of using innovative testing
methodologies to compare wild and captive performance in cognitive tasks. In order to
validate new methods for testing cognition comparatively in the wild and captivity, it is
important to understand likely participation levels as well as comparing cognitive
performance, as cognitive performance can only be assessed in individuals which participate

in testing (van Horik et al., 2017).
Participation in experiments: the ‘free time’ and necessity hypotheses

There are alternative hypotheses to explain different rates of participation in experimental
tasks between individuals. The ‘free time’ or ‘excess energy’ hypothesis suggests that
individuals will engage in exploration when they are under less pressure to find key resources
or evade predators (Kummer & Goodall, 1985). The ‘necessity hypothesis’ in contrast,
predicts that animals will become more motivated to explore and innovate when resources are
lacking, forcing them to find alternative solutions to access food sources (Grund et al., 2019).
The day-to-day behaviour of wild animals is strongly influenced by needs introduced by their
social and physical environment which vary seasonally and may not be present to the same
extent in captive animals (Cauchoix et al., 2017). These needs may restrict the ‘free time’
available to participate in cognitive testing. Furthermore, in many primate species,
individuals need to travel to find daily resources, giving researchers less time in a fixed
location to present an experimental apparatus. In captivity, animals often have free access to
food and water, reducing the need for foraging time, which may give them more opportunity

to interact with the experimental paradigm.

Some studies have indeed shown higher rates of exploration of novel objects and higher
persistence in captive animals in comparison to wild ones (Benson-Amram et al., 2013; Forss
et al., 2015), suggesting that captive individuals should interact with and explore

experimental paradigms more than wild individuals. Rates of participation in wild
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populations may also be low, with Morand-Ferron et al. (2015) finding that in a population of
wild great tits (Parus major) only 8% visited and interacted with an artificial feeder.
Alongside differences between wild and captive populations, experiments have also shown
high inter-individual variability in interaction with experimental tasks, with factors such as
age and level of distraction influencing an individual’s likelihood of interacting with a task

(Martina et al., 2021).
Individual differences in participation: Age and sex

Research across multiple species has shown that juveniles are more likely to explore novel
objects than adults (Biondi et al., 2010; Morand-Ferron et al., 2015) and are more persistent
when solving novel problems (Benson-Amram et al., 2013), spending more time in proximity
to novel tasks (Kendal et al., 2005). Results such as these suggest that juveniles may be less
neophobic and more motivated to explore and discover their environments than adults, and

therefore show higher levels of participation in novel cognitive tasks.

Other studies have focused on differences in exploration and innovation between the sexes.
Many species are sexually dimorphic in body mass, with males being larger and stronger than
females, which results in task monopolization by males (Bean, 1999; van Horik et al., 2017).
In a scrounging test in vervet monkeys, males, who are larger and stronger than females,
obtained more food by participating more and displacing others from artificial food patches
(Li et al., 2021). In group-testing paradigms, in which individuals must compete to access a
task rather than being offered it individually, the larger sex may therefore be more likely to

participate.

Understanding and quantifying differences in levels of participation in novel tasks is critical

for two reasons: firstly, this can aid in study design, allowing researchers to predict which age
classes are more likely to participate in a task, and potentially design paradigms to encourage
participation in less well-represented groups. Secondly, this gives an insight into intra-species

differences in factors such as neophobia, risk-taking, and motivation.
The captivity effect and performance in cognitive tests

Beyond participation in cognitive tests, some studies have found differences in performance
between captive and wild subjects (see McCune et al., 2019, for review). Whilst these studies
are limited in number, the majority have found enhanced performance in captive subjects in
comparison with wild subjects (e.g. Benson-Amram et al., 2013), and within primates, it has

been suggested that increased exposure to humans enhances problem-solving capacities
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(Damerius et al., 2017; Forss et al., 2020). However, some studies have found the opposite,
with wild subjects performing equally well as (Cauchoix et al., 2017) or outperforming
(McCune et al., 2019) wild-caught subjects temporarily held in captivity, though it is unclear
how the stress of time spent in captivity might influence the performance of wild-caught

subjects.

The tests deployed in comparisons of wild and captive cognition have so far been varied.
Associative learning appears to be a good target for those interested in the evolution of
cognition, as it is highly conserved but also demonstrates large inter-specific and intra-
specific differences in performance, and is likely to have fitness consequences (Morand-
Ferron, 2017; Morand-Ferron et al., 2016; Raine & Chittka, 2008). Currently, there is little
evidence regarding the causal links between cognitive ability and fitness in wild populations;
measuring performance in associative learning tasks and then relating this to functional
mechanisms would be one route to elucidating these causal relationships (Cole et al., 2012;
Morand-Ferron et al., 2015). Equally, examination of whether the associative learning
abilities of wild animals are similar to those of animals tested in captivity may give some
insight into the developmental processes and evolutionary pressures that influence this
ability, including the role of social context and sociality. Testing both captive populations and
wild populations with varying group sizes may provide some insight into the impact of social
context upon problem solving. If links can also be made between cognition and fitness in
wild populations, this could provide support for the social intelligence hypothesis that posits
large group sizes drive cognitive evolution (Dunbar, 1998), as demonstrated in a study of the

effect of group size on cognition in wild pinyon jays by Ashton et al. (2018).
Aims and hypotheses

The current study had two major aims; firstly, to disentangle the effects of environmental
factors and individual traits on participation rates of wild and captive vervet monkeys in
cognitive testing, and secondly, to provide the first results of a simple associative learning
task comparing the performance of captive and wild vervet monkeys. To do this, we adopted
a multi-step training procedure using portable touchscreen technology (Schmitt, 2018). We
conducted an experiment with the aim of training both wild and captive vervet monkeys
living in social groups in South Africa (wild: four groups at the Inkawu Vervet Project;
captive: four groups at the Wild Animals Trauma Centre & Haven) to interact with the screen
(using a visual stimulus, a blue square, that had to be touched to gain a food reward). In this

paper, we analyse rates of participation across multiple tasks presented on the touchscreen
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and present the first results stemming from one of these tasks; a simple associative learning

task. Our hypotheses are outlined below and summarised in Table 1.

First, we investigated the likelihood of participation in two environmental contexts (wild and
captivity). Our hypothesis was in line with the ‘free time’ hypothesis (Kummer & Goodall,
1985). The lack of danger and the free time available in captivity should provide captive
vervet monkeys with more opportunities to interact with the touchscreen compared to wild
vervet monkeys. The captive groups tested also had, in general, smaller group sizes than the
wild groups, and so reduced competition for the task is also likely to result in increased

likelihood of participation.

Secondly, we investigated the impact of two individual traits: age and sex, on the likelihood
of wild monkeys participating in the experiment. In vervet monkeys, juveniles are more
explorative and less neophobic than adults (Forss et al., 2021). In line with this evidence, we
expected higher curiosity and greater participation from juvenile vervet monkeys compared
to adults. Following findings in previous studies described above (Bean, 1999; Li et al., 2021;
van Horik et al., 2017), adult male vervet monkeys, being larger than adult females, could be
expected to have higher rates of participation. However, co-dominance has been found in
these study groups at IVP (Hemelrijk et al., 2020), and adult females as core group members
have been trained as models in multiple field experiments (Borgeaud & Bshary, 2015;
Botting et al., 2018; Gareta Garcia et al., 2021; van de Waal et al., 2015). Thus, we also have
evidence leading us to expect a high monopolization of the apparatus by adult females and
for this reason we do not have a clear hypothesis concerning higher likelihood of

participation in one sex or the other.

In the wild population, we also explored the effect of age and sex upon the rate of
participation. Age was expected to influence the number of attempts made at the task; we
expected juveniles to make more attempts than adults. However, an individual’s ability to
monopolise the task is also expected to influence the number of attempts made in a session,

and adults may be better able to outcompete others for access than juveniles.

Finally, we tested the cognitive abilities of both wild and captive monkeys on a simple
associative test (the speed of learning to touch a blue square presented on the screen to attain
a reward). Following evidence of a captivity effect in problem solving in primates (Forss et
al., 2020), we expected that captive monkeys would require fewer trials to reach criterion on

the associative task.
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Table 1. Summary of comparisons and predictions

Outcome Comparison Prediction Sample size
Likelihood of Wild vs. captive Higher in captive Nwilg = 178
participation Ncaptive = 62
Sex and age classes ~ Higher in juveniles N = 178 (wild only):
within wild NadultFemate = 53*
population
NadultMate = 40*
NiuvenileFemale = 43%*
NiuvenileMale = 55%
Rate of Sex and age classes ~ Higher in juveniles N = 86 (wild only):
participation within wild

Task performance
— simple
association

learning

population

Wild vs. captive

Faster in captive

NAdultFemale = 23Jr
NAdultMale = 197L
NJuvenileFemale = 201'L

NJuvenileMale = 26Jr

Nwig =15

NCaptive =38

* Note: Thirteen individuals were tested as both juveniles and adults over the course of the study.

"Note: Three individuals participated as both juveniles and adults over the course of the study.
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Materials and Methods
Study site and species

Data were collected from May 2019 to January 2022 on four groups of wild vervet monkeys
(Ankhase, Baie Dankie, Kubu, and Noha) at the Inkawu Vervet Project (IVP) in Mawana
Game reserve, South Africa, and from August 2018 to January 2022 on four groups of
captive vervet monkeys (Boeta, Cowen, Liffie, and Poena) at the Wild Animals Trauma
Centre & Haven (W.A.T.C.H), South Africa. Group size varied from three to 65 individuals
(for detailed group composition see Table S1). Females were defined as adults when they
reached five years old or when they first gave birth (whichever occurred first); we defined
males as adults when they reached five years old or upon dispersal from their natal group
(whichever occurred first). Individuals were defined as juveniles from the age of four months
until they reached adulthood. Babies (individuals aged less than four months during testing)
were excluded from the dataset as they were not independent from their mothers. For total

sample composition, see Table S2.
Ethical statement

Our study adhered to the ASAB/ABS Guidelines for the use of animals in research
(ASAB/ABS, 2020) and was approved by the relevant local authority, Ezemvelo KZN
Wildlife, South Africa.

Subjects

Since 2010, six neighbouring groups of wild vervet monkeys have been habituated to humans
and their artefacts at the IVP. Researchers individually identify individuals by face and body
characteristics. The size of the four studied wild groups at the IVP during the study period
varied between 15 and 65 individuals (see Table S3). Vervet monkeys are semi-terrestrial,
which, coupled with their opportunistic nature, allows researchers to observe them easily and
to test them with field experiments (Mertz et al., 2019). Monkeys in the four groups which
participated in the current study have previously participated in behavioural experiments
involving artificial foraging tasks (e.g. Bono et al., 2018; Canteloup et al., 2020; van de Waal
etal., 2015).

At the sanctuary, groups are composed of individuals with different backgrounds (including
orphans, monkeys rescued from roadsides or street-markets, or injured individuals) and live
in four large outdoor enclosures in social groups of three to 21 individuals (see Table S3).

The majority of individuals arrived at the sanctuary as infants and were initially cared for by
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humans before being integrated into mixed-age social groups at three months old. Water and
food are continuously available during the day. One group (Liffie) was released after the first
year of experiments (November 2019), while the other three groups (Boeta, Cowen, Poena)
were studied until February 2022. The last three groups participated in novel object
experiments (Forss et al., 2021). While other behavioural research has previously been
conducted at the sanctuary (van de Waal et al., 2013; van de Waal & Whiten, 2012) none of
the groups included in the current study had participated in other studies beyond that of Forss
et al. (2021).

Material and Procedure

We used a portable touchscreen (Zoo-based Animal-Computer-Interaction System, ZACI;
Figure 1S) built to conduct research on apes in zoos (Schmitt, 2018). Whilst originally
intended for studying animals in captivity, we adapted this portable touchscreen for field
usage. To allow distance between the researcher and the animals, a convertible laptop was
connected by a hotspot to an operating tablet from which we could control the program. The
experiment was written in Matlab using Psychophysics Toolbox extensions (Brainard, 1997).
The code records the identity of the individual participating (manual input), the type of
stimuli used in the task (manual input), the number of trials attempted, the area in which each
stimuli was presented on the screen, and whether the response was correct or not (coded as 1,
0). To reward participants for each correct touch, the code sends an input to an electronic
control unit (ECU) composed of a rechargeable battery and attached to a food dispenser
(Model ENV-203-190IR, by Med Associates Inc St. Albans) ejecting soaked corn kernels.
Researchers carried the touchscreen into the field for the experiment, attached it to a tree, and
removed it immediately following each day of testing (Figure 1). The experimenter(s)
maintained a distance of at least five metres from the task. At the sanctuary, we attached the
portable touchscreen to the enclosure using hooks. The experiment started immediately after
attaching the device. We recorded each experiment using one camera (JVC EverioR Quad
Proof GZ-R415BE) fixed on a tripod. All sanctuary data was collected by TM, with wild data
collected by TM and six field assistants who followed the same protocol as TM. TM and all
field assistants involved in data collection were required to pass an identification test prior to
the start of the study in which they had to repeatedly and accurately identify every monkey in

the group they were working with.
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Figure 1: A) A schematic representation of an experimental setup in the field. B) Monkeys interacting

with the touchscreen at their sleeping site.

We trained monkeys using three training tasks based upon the presentation of a blue square
on a white background (Figure 2). In Task 1 (Habituation phase) we presented a blue square
in the centre of a screen, with a white background. Monkeys received a reward if they
touched either the blue square or the white background. We considered this first habituation
phase completed when subjects sat in front of the screen and interacted with the touchscreen.
Once the monkeys completed Task 1, we used the same image (central blue square on a white
background) to test Task 2. In Task 2, monkeys were rewarded only when they touched the
blue square. In Task 3, the blue square changed position in each trial, and again monkeys
were only rewarded for touching the blue square. From Task 2 onwards, monkeys had to
reach the learning criterion of seven correct touches in three consecutive sets, eight correct
touches in two consecutive sets, or nine correct touches in one set (learning criterion from
Paula et al., 2019; Salwiczek et al., 2012). When individuals made incorrect touches in
Tasks 2 and 3 the blue square remained in the same location on the screen. The training
was followed by two classical associative learning tasks (classical associative learning, CAL;
reversal classical associative learning, RCAL) based upon the presentation of two stimuli of
different shape, colour, and patterns on the screen (see Supplement for further information —
CAL and RCAL testing made up 16% of recorded attempts at the task in the current dataset;
424 / 2547 attempts). These tests were included when measuring participation, but more

detailed analyses of performance are not within the scope of this paper. For each correct



291
292
293
294
295
296
297

298

299

300
301
302
303
304
305
306

307
308
309
310
311
312

touch, subjects received three to four corn kernels as a reward. Individuals were allowed to
participate with up to 30 touches divided into three sets of 10 touches in the first three
tasks, while they were allowed to participate only up to ten touches in the CAL and RCAL
tasks, after which a black screen was displayed to prevent further interaction. All trials
(correct and incorrect) were automatically recorded. There was an inter-trial interval of
two seconds regardless of whether the previous choice was correct (there was no

punishment in the form of increased inter-trial interval for an incorrect choice).

Task 1 Task 2 Task 3
(Habituation task) (Touch stimulus) (Moving stimulus)

\ / x Vv /
ok K Bl

a " £

Figure 2. Three training tasks: from left to right: In Task 1 (Habituation task) monkeys had to touch
anywhere on the screen (white background and blue square); In Task 2 (Touch stimulus), monkeys
had to touch the blue square in the middle of the screen. In Task 3 (Moving stimulus), monkeys had to
touch the blue square as in Task 2, but for each correct touch the square changed position on the
screen. The hand shown in the pictures represents the monkeys’ touches (potentially correct or
incorrect, as shown by ticks and crosses) and the yellow dots represent the corn reward. Figure: Lucas

Zermatten

We presented the touchscreen approximately twice a week both at the sanctuary and in the
wild. For wild groups, the experiment was stopped when all members of the group moved
away or stopped interacting. Experimental sessions were occasionally stopped due to
technological problems, interruptions by sanctuary staff, storms, or other possible factors that
could distract the monkeys' attention. Excluding these sessions, the wild monkeys were

exposed to the device for a minimum session duration of 6.82 minutes, and a maximum
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duration of 187.43 minutes (mean session duration = 61.67 minutes). At the sanctuary the
monkeys were exposed to the device for a minimum test session duration of 5.9 minutes and
a maximum duration of 193.43 minutes (mean session duration = 31.95 minutes). See
Supplemental Table S4 for a summary of the total number of test sessions conducted per
group, and Supplemental Table S5 for the total presentation time per group. Due to the
COVID-19 pandemic, there were occasionally longer breaks in testing, meaning that the
interval between test sessions ranged from zero to 310 days in the wild and one to 426 days
in the sanctuary (the length of time between test sessions did not significantly impact
individuals’ likelihood of participation, see Supplemental Information: Additional analyses:

Effect of breaks in testing for details).
Pilot testing in the sanctuary groups

Three of the four sanctuary-housed groups (Liffie, Poena, and Boeta) participated in pilot
testing from August 2018 — November 2018. During these pilot sessions (N = 155 test
sessions), monkeys were exposed primarily to Task 2, with three individuals participating in
Task 3. Following this pilot, changes were made to the size of the touchscreen and to the
positioning of the infrared device to achieve greater accuracy in recording correct and
incorrect touches. Data from this pilot testing are included in the current dataset when
comparing participation rates between wild and captive groups in which participation is a
binary measure, thus allowing us to compare likelihood of participation from individuals’
first exposure to the task onwards. For this comparison, accurate counts of correct and
incorrect touches are not required, and so the data collected in the pilot sessions is
comparable with data collected during the main test period. Individuals which received Task
3 during these pilot sessions were excluded from our analysis of performance on this task,
due to potential differences in their training experience in comparison with individuals who

received this task for the first time during the main test period.

Statistical analyses

All analyses were performed using R (R Core Team, 2020) and RStudio (RStudio Team,
2020). Generalised linear mixed models (GLMMs) were used to analyse individuals’
likelihood of participation in the task and the number of trials individuals required to reach
criterion in Task 3. Binary participation in the touchscreen task was assessed using binomial
GLMMs with logit link function (function ‘glmer’ in the R package Ime4; Bates et al., 2014)

and the optimizer “bobyqa”. The number of attempts individuals made per session was
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analysed using a Cox proportional hazards model (function “coxme” in the R package
coxme; Therneau, 2015), to account for right-censored data. The number of attempts each
individual made before reaching criterion in Task 3 was assessed using a negative binomial
GLMM with a log link (function ‘glmmTMB’ in the R package glmmTMB; Magnusson et
al., 2017). A negative binomial distribution was used to account for significant

overdispersion in the data.

In two analyses (likelihood of participation and trials required to pass Task 3), comparison
was made between wild and sanctuary populations. The wild and sanctuary populations were
not comparable in terms of age and sex classes, and so further analyses exploring the impact

of these factors upon task participation were limited to the wild population only.

A binomial GLMM (Analysis 1) was used to compare the likelihood of captive and wild
individuals participating in the tasks (with participation in each session coded as 1 or 0) with
Context (Wild versus Sanctuary), and Session Duration (z-transformed) as predictor
variables. This analysis included all touchscreen tasks (Tasks 1 — 3, CAL and RCAL) and
included all individuals present in the groups at the time of testing (Ntotal = 240; Nwila = 178;
Nsanctuary = 62) with random effects for both Individual and Group (unnested, as some
individuals moved between groups over the course of the experiment). Sessions which were
terminated early due to external factors were not included in this analysis, as individuals were
potentially prevented from participating during these sessions and so they may not reflect
how many individuals would have participated had the session continued uninterrupted.
Eighty-seven sessions were excluded for this reason, leaving 675 experimental sessions in the
analysis. See Table S4 for a breakdown by group of the number of uninterrupted test sessions

included in this analysis.

A binomial GLMM (Analysis 2) was used to investigate the impact of individual factors such
as age and sex upon participation in the task in the wild population only. Participation in each
session was coded as 1 or 0, with Age Class (Juvenile versus Adult), Sex, Group (N =4), and
Session Duration (z-transformed) as predictor variables, with an interaction between Age
Class and Sex. Individual identity was included as a random effect. This analysis included all
touchscreen tasks (Tasks 1 — 3, CAL and RCAL) and included all individuals present in the
groups at the time of testing (N = 178). As in GLMM 1, sessions which were terminated

early due to external factors were not included.
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A mixed-effects survival model (Analysis 3) was used to investigate the impact of individual
factors upon the number of attempts made by individuals per session within wild groups, with
Sex, Age Class, and Group as predictor variables, and a random effect of Individual. This
analysis included data from Tasks 2 and 3 only, as the experimental procedure of allowing
only 30 attempts per session was applied most consistently for these tasks. Only individuals
that participated in Tasks 2 and 3 were included in this analysis (N = 86). Prior to running the
analysis, any individuals who had participated beyond 30 attempts had their number of
attempts truncated at 30. We fitted a Cox proportional hazards model as these models are
appropriate for right-censored data, in which an experimental cut-off point prevents further
data collection. In our case, as many individuals were prevented from making more than 30
attempts per session, we do not have data showing the upper limit of how many attempts an
individual would have made without this limit. This model therefore analysed the likelihood
of an individual ceasing to participate prior to making 30 attempts. The Cox model produces
hazard ratios (HR), in which an HR > 1 indicates a positive relationship between a variable
and event probability, and an HR < 1 indicates a negative relationship between a variable and
event probability. In our case, an HR above one indicates that an individual was more likely
to stop participating sooner (i.e. to make fewer attempts), while an HR below one indicates

an individual was more likely to approach 30 attempts without ceasing to participate.

A negative binomial GLMM (Analysis 4) was used to analyse the number of trials taken to
pass Task 3 in the 23 individuals (Nwiid = 15; Nsancuary = 8) who achieved this, with Context
as a predictor variable, and a random effect of Group. Some individuals in the Sanctuary (N =
3) had been trained with Task 3 during an initial pilot testing period (2018), during which the
size of the blue square presented on the screen was larger and the infrared technology used to
count the number of correct and incorrect touches was still being calibrated. These
individuals were excluded from the analysis due to the difference in their training experience
and concerns regarding the accuracy of measurement of the number of trials they had

completed.

For full details of all diagnostic checks performed on the above models, see Supplemental

Information “Model Assessment”.
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Results
Analysis 1: Likelihood of participating in the task, Sanctuary vs. Wild

The full model (Analysis 1) was a significantly better fit to the data than a null model
containing only the random effects structure (y*>=187.54, p < 0.0001). Context had a
significant effect upon individuals’ likelihood of participating in the touchscreen task (Figure
3, Table 2). A main effect of Context indicates that Sanctuary individuals were significantly

more likely to participate than Wild individuals (§ = 1.96, p = 0.002).

Table 2. Results of a GLMM predicting individual participation in the task in wild and

captive groups.

Effect Estimate  Wald 95% confidence p-value
interval

Intercept -4.05 -4.82; -3.28

Context (Sanctuary) 1.96 0.74; 3.18 0.002

Session Duration (z-transformed) 0.48 0.41; 0.55 <0.0001
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Figure 3. Model predictions (estimated marginal means) of the effect of Context on likelihood of
participation in the task. The solid black point shows the prediction for each Context, with black error
bars showing the 95% confidence interval. The prediction is at the mean session duration. Boxplots
show the distribution of the observed likelihood of participation. The solid horizontal line, coloured
by Context, shows the median proportion of sessions in which individuals participated. Upper and
lower limits of the box show the first and third quartiles, and whiskers extend to the highest and
lowest values at 1.5 times the interquartile range. Coloured points show the observed proportion of

sessions in which each individual participated, with each point representing one individual.
Analysis 2: Likelihood of participation in the task, individual factors in the wild population

The full model was a significantly better fit to the data than a null model containing only the
random effect structure (y?>= 229.1, p < 0.0001). The likelihood of participation varied by
both age and sex (see Table 3, Figure 4). Adult females were more likely to participate than
juvenile females (f = 0.77, p = 0.014), while the contrary effect was seen in males, who were
less likely to participate as adults than as juveniles (Age Class * Sex interaction: § =-3.42, p
<0.0001). Juvenile males were more likely to participate than juvenile females (f = 1.58, p =

0.016).
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Table 3. Results of a GLMM predicting the likelihood of participation by individuals per

session in the task in the wild population.

Effect Estimate Wald 95% p-value
confidence interval

Intercept -3.31 -4.68; -1.95

Age Class (Adult) 0.77 0.16; 1.38 0.014

Sex (Male) 1.58 0.29; 2.86 0.016

Group (Baie Dankie) -2.37 -3.84; -0.90 0.002

Group (Kubu) -2.27 -3.78; -0.76 0.003

Group (Noha) -1.14 -2.42;0.14 0.080

Session duration (z- 0.4 0.40; 0.55 <0.0001

transformed)

Age Class * Sex -3.42 -4.62; -2.21 <0.0001
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Figure 4. Model predictions (estimated marginal means) of the effect of Age Class and Sex on
likelihood of participation in the task in the wild population, shown by age sex class. The predicted
value for each Sex and Age Class category is shown by the solid black point, with error bars showing
the 95% confidence interval around this prediction. The prediction is at the mean Session Duration.
Boxplots show the distribution of the proportion of sessions participated in by each age-sex class,
with solid horizontal lines showing the median proportion, upper and lower limits of the box showing
the first and third quartiles, and whiskers extending to the highest and lowest values at 1.5 times the
interquartile range. Points show the proportion of sessions participated in by each individual, coloured

by Sex.

Group also impacted individuals’ likelihood of participation (overall significance calculated
using the ‘Anova’ function in the package ‘car’: y*>= 14.23, p = 0.003). A post-hoc Tukey
test revealed that individuals in Baie Dankie (f =-2.37, p = 0.008) and Kubu (f =-2.27, p =
0.016) were significantly less likely to participate than those in Ankhase. No other significant

between-group differences were found.
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Analysis 3: Number of attempts made in the task, individual factors in the wild population

The full model was a significantly better fit to the data than a null model containing only the
random effect of individual (y>= 14.83, p = 0.02). No effect of Sex or Age Class was found,
but there was a main effect of Group (y?>= 8.73, p = 0.033). A post-hoc Tukey test, however,
indicated that there was only a marginal, non-significant, difference between Noha and Baie
Dankie (HR = 0.53, p = 0.060), indicating that individuals in Noha tended to make more

attempts at the task than individuals in Baie Dankie.

While not significant, both Sex and Age Class influenced the number of attempts made per
session by individuals. Male juveniles were more likely to reach 30 attempts in a session than
female juveniles (HR = 0.59, p = 0.061, see Figure 5). There was also a non-significant
interaction between Age and Sex, such that male adults were more likely to stop participating
before reaching 30 attempts than were male juveniles (HR = 2.00, p = 0.086). Caution should
be taken in interpreting these non-significant effects, but it is possible that with a larger
sample size significant sex and age differences in individuals’ rate of participation would be

found.

Table 4. Results of a Cox mixed effects model predicting the number of attempts made by

individuals per session in the task in the wild population.

Effect Hazard Ratio Standard error  p-value
Sex (Male) 0.59 0.28 0.061
Age Class (Adult) 0.80 0.28 0.430
Group (Baie Dankie) 1.89 0.29 0.029
Group (Kubu) 1.72 0.37 0.140
Group (Noha) 1.00 0.29 0.990
Interaction: Age Class x Sex 2.00 0.41 0.086
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Figure 5. The number of attempts made by individuals in the wild population. Boxplots, colored by
sex, show the distribution of the number of attempts made by each age-sex class, with solid lines
showing the median number, upper and lower limits of the box showing the first and third quartiles,
and whiskers extending to the highest and lowest values at 1.5 times the interquartile range. Solid
points show the mean number of attempts made per session by each individual, coloured by Sex with

shape indicating Group membership.
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Analysis 4: Trials required to pass Task 3

The full model (Analysis 4) analysing the number of attempts individuals required to pass
Task 3 was not a better fit to the data than a null model containing only the random effect
structure (y*>= 0.46, p = 0.50; see Table S6 for full model output). Context had no impact
upon the number of attempts an individual made before reaching criterion (Figure 6; see

Table S6 for full model output).
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Figure 6. The number of attempts made by individuals prior to reaching criterion on Task 3. Points
show the number of attempts made by each individual, coloured by Context, with shape indicating
Group membership. Boxplots show the median in a solid line, first and third quartiles at the upper and
lower box edges, and whiskers show the largest and smallest values at 1.5 times the interquartile

range of the distribution of observations for Wild and Sanctuary contexts.
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Discussion
The influence of context on participation

In this study, we compared the participation rates of wild and sanctuary-housed vervet
monkeys when offered a touchscreen device displaying various cognitive tasks. According to
the free time hypothesis (Kummer & Goodall, 1985), we expected different rates of
participation between the captive and wild vervet populations. Our results supported our
hypothesis; participation level was influenced by environment. Captive individuals were
significantly more likely to interact with the touchscreen than their wild conspecifics. This
result supports the free time hypothesis, which would predict higher rates of participation in
captive vervet monkeys which have more time and energy to spend interacting with
experiments (Kummer & Goodall, 1985). Conversely, wild individuals may have had less
free time to interact with the touchscreen due to the distraction of necessary activities such as
foraging or being vigilant towards predators. Test sessions in wild groups ended when the
group moved away from the test site; in line with the free time hypothesis, pressure to
undertake daily activities such as foraging likely reduced the amount of time groups spent in
proximity to the task. It should be noted that group sizes were quite disparate between the
wild and captive groups tested in this study (see Table S3), with three of the wild groups
consistently containing more individuals than any of the captive groups. It is therefore
possible that group size influenced individuals’ access to the task, with individuals in captive
groups having greater opportunities to interact due smaller group sizes resulting in reduced

competition.

Despite significant differences in their likelihood of participation, individuals which reached
criterion in Task 3 (learning to reliably touch a blue square, displayed in different locations
on the screen, in order to get a reward) in both the wild and sanctuary-housed contexts did so
with no difference in the number of attempts required. This result allows us to conclude that
any differences in methodology between the two different environments did not affect the
amount of time required for individuals to learn the association between touching the blue
square and receiving a food reward, and also indicates that individuals in both contexts
interacted meaningfully with the task. This result is in line with the findings of Cauchoix et
al. (2017), who found no differences in reversal-learning performance between great tits
tested in the wild and captivity and appears to be counter to the argument that captive
primates display a ‘captivity effect’ in their cognitive abilities (Forss et al., 2020). However,

this task was primarily a training task designed to facilitate later testing with more complex
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problems and is therefore relatively simple. It is possible that any captivity effect, or other
differences in cognitive performance between wild and captive populations, may become

apparent only when using more challenging tests of cognition.
Group differences in the wild population

Within the wild population, group membership significantly influenced individuals’
likelihood of participating in the task. Individuals in Baie Dankie (the largest group, N =57 -
65) and Kubu (the smallest group, N = 15 - 18) were less likely to participate in testing than
those in Ankhase (a medium-sized group, N = 23 - 26). Individuals in Kubu also made fewer
attempts than those in Ankhase, and individuals in both Baie Dankie and Kubu made fewer
attempts than those in Noha (a medium-sized group, N = 32 - 40). It is possible that
membership of a larger group suppressed participation in the case of monkeys in Baie
Dankie, due to higher rates of competition. This may have allowed high ranking individuals
to monopolise the touchscreen; the effect of rank on participation should be explored in

future studies.

Individuals in the smallest group (Kubu) were also less likely to participate. This group was
habituated in 2013, more recently than the other wild groups tested in the study, and
additionally has previously been found to have a lower habituation index than the other
groups tested (Forss et al., 2021). It is therefore possible that in this group, while inter-
individual competition for the task was reduced due to the small group size, reduced
habituation to humans suppressed participation. Levels of participation may also have been
influenced by variation in individual levels of habituation, along with factors such as
personality (Webster & Rutz, 2020). Different groups may also contain individuals with
differing dominance styles and resource holding potential, potentially rendering
monopolisation a greater issue in some groups than others (as has been suggested as an
explanation for differing levels of social tolerance in neighbouring chimpanzee groups,

Cronin et al., 2014).

While we believe testing multiple groups of wild individuals represents a crucial step forward
in our understanding of the impact of social factors upon cognition and behaviour, our
interpretation of any differences remains limited somewhat by sample size when it comes to
pinpointing the cause of between-group differences, as the four groups tested here are likely
to differ in a number of parameters, group size and habituation being only two. Future studies

could begin to tease this apart both by more detailed examination of interactions at and
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around the task (which is outside the scope of the current paper), for example examining the
number of individuals who approached the task but were outcompeted, and by incorporating

parallel tests of social tolerance and habituation to quantify existing group differences.
Phenotypic traits influenced participation in the wild population

Although many studies have shown that juveniles are less neophobic than adults (Bergman &
Kitchen, 2009; Biondi et al., 2010; Miller et al., 2015; Visalberghi et al., 2003), and therefore
we expected juveniles to participate and interact with the touchscreen more frequently than
adults, our findings regarding this were impacted by sex. Male juveniles were indeed more
likely to participate than adult males, but female juveniles were less likely to participate than
adult females. Vervet monkeys have a complex social system based on a linear hierarchy
organised by matrilines. In our context, it is very likely that juveniles had to wait for the end
of monopolization by the high-ranking adult females before interacting with the experiment.
Nonetheless, male juveniles were significantly more likely to participate than adult males.
When they reach sexual maturity, male vervets disperse from their natal group. When
juvenile males approach this milestone, they become less central and more independent
(Young et al., 2019). It is therefore possible that the age class effect seen in wild juvenile
males in our study is driven by highly explorative older juveniles and high competition levels
between juvenile males and other group members. Our sample size did not allow detailed
exploration of age effects and competition, but future research should explore these

possibilities.

Regarding sex differences, we found that adult females made more attempts at the
touchscreen than males. One possible explanation for this can derive from physiological
needs. Females, especially during the gestation and lactating period, need higher energy
intake and there were females in our sample who were pregnant and had offspring during the
period of the experiment. We also found that adult females participated more than males in
the experiments. In our study population, it has been shown that females are often dominant
over males and many groups have a female as the most dominant individual in the group
(Hemelrijk et al., 2020). Therefore, our results could be explained by the fact that dominant
adult females might have the greatest opportunity to monopolize and interact with the

touchscreen.

Within this study, we found that the likelihood of participation increased with the number of

rewards a monkey had received the last time they participated (see Supplemental
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Information: Effect of previous success on participation in the wild population). Additionally,
regardless of the length of time between experiments, monkeys in both the wild and captivity
were motivated to participate again (see Supplemental Information: Effect of breaks in

testing). Both these findings could influence the design of future studies.

While our study demonstrates that it is possible to conduct cognitive tests using touchscreen
technology in the wild, some sampling biases are likely to apply (Webster & Rutz, 2020)
which may impact the generalisability of results, particularly regarding self-selection
according to personality and habituation. Our findings indicate that some age and sex classes
(adult females and juvenile males) were more likely to participate than others, suggesting that
future studies may need to engage in some selection of individuals to achieve balanced

samples in this regard — we suggest a potential method to achieve this below.
Future directions

To increase the number of individuals who can interact with touchscreens presented in the
wild, it would be useful in the future to integrate more advanced technological methods such
as automatic facial recognition (Schofield et al., 2019) or individual radio frequency
identification (RFID: Bridge et al., 2019; Fagot & Paleressompoulle, 2009). We note that
fitting RFID tags would require sedation of the study subjects and therefore may not be
appropriate in many cases (Soulsbury et al., 2020), but could be an option in populations in
which individuals are already sedated to fit GPS collars as a standard protocol, rather than
sedating animals for the sole purpose of fitting RFID tags. These methods would allow the
touchscreen to automatically present the appropriate task according to the individual
interacting, and would allow the process to be automatized, with the touchscreen remaining
in place in the field for prolonged periods. This would not prevent monopolisation, and so
might result in larger amounts of data but not necessarily larger sample sizes. Automatization
would also potentially facilitate the presentation of multiple touchscreens in the field at the
same time, which likely would reduce the impact of monopolisation upon participation. To
further address monopolisation, individuals could also be trained to recognize a visual pattern
on the screen indicating that it is their turn to interact with the task, with the screen blocked
for all individuals except the target participant. This procedure could also be used to generate
more balanced samples in terms of age and sex class (a technique successfully used with
artificial foraging boxes by Borgeaud and Bshary, 2015). We found that across the four wild
groups, the total number of individuals interacting per session was relatively similar

regardless of group size (see Supplemental Information: Number of individuals participating
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per session in wild groups), and so methods to increase presentation time by automating

aspects of the process may help to increase sample sizes.

Further research could also explore in more detail how social factors influence participation
in experimental tasks. Our findings point towards potential roles for group size and resulting
competition, and inter-individual tolerance or monopolisation by dominant individuals. These
represent potential constraints that testing in social contexts may place upon cognitive testing
of wild animals. However, it is also likely that social factors facilitate participation and
interaction with novel objects such as the touchscreen, through processes such as social
facilitation (Dindo et al., 2009; Forss et al., 2017; Miller et al., 2014). There is also the
potential for social learning to influence interaction with the task, via local or stimulus
enhancement, or more high-fidelity forms of social transmission. As adult females were key
participants in our task, and are the preferred models for social learning in wild vervet
monkeys (van de Waal et al., 2010; Bono et al., 2018), the presence of adult females
interacting with the task may well facilitate participation by other age sex classes in this

species.

We believe that touchscreen testing with wild populations has the potential to provide a step
forward in studying non-human cognition. However, the potential ethical implications of this
type of research must be carefully considered (Gruber, 2022). Like other types of field
experiment, providing touchscreens for testing animals in their natural habitat removes the
need to bring animals into captivity for testing, opening up the possibility of testing animals
for which capturing would be unethical. This benefit aside, it is unlikely that touchscreen
testing will be appropriate in all situations. The current set-up requires the relatively close
presence of an experimenter, and food rewards are provided. The possibility of individuals
forming an association between humans and food rewards may be dangerous in some species
(for example, the great apes), and provisioning can carry risks (Fedigan, 2010). Exposure to
human artefacts in the form of screens may also be considered unacceptable for some species
(though we note that video demonstrations have previously been shown to wild primates e.g.
Gunhold et al., 2014). The population of monkeys tested in the current paper do not live in
close proximity to humans, and therefore the risk of habituation to the touchscreen spilling
over into increased attempts to interact with screens in other contexts is limited, but this
should be considered if testing urban populations, for example. Additionally, the potential for
exposure to the touchscreen to alter the natural behavioural repertoire of the subjects should

be considered. Vervet monkeys are not endangered, and only a subset of groups resident at
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the IVP were included in touchscreen testing. However, for endangered species in which the
natural behavioural repertoire must be carefully conserved, exposure to the touchscreen and

other artificial experimental tasks may not be appropriate.

Conclusion

This study explored rates of participation at a novel touchscreen task in both wild and
sanctuary-housed vervet monkeys. While participation rates were higher in captive monkeys,
in line with the ‘free time’ hypothesis, performance as measured by the number of trials taken
to reach criterion in a task was the same across both contexts. Age and sex differences in
participation of wild monkeys were observed, which may reflect different levels of neophobia
and motivation between juveniles and adults and males and females, as well as the ability to
compete for access to and monopolise the touchscreen. The study demonstrates that
touchscreen technology can be deployed successfully in a wild primate population, and that
while levels of participation may differ, results comparable to the performance of captive
populations can be achieved. This opens the door for comparative studies examining the
ways in which cognitive abilities may differ between wild and captive primate populations
and offers the opportunity to validate results from captive studies in a wild population using

identical methodology.
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