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Abstract 9 

1. Touchscreen technology has provided researchers with opportunities to conduct well-10 

controlled cognitive tests with captive animals, allowing researchers to isolate individuals, 11 

select participants based on specific traits, and control aspects of the environment.  12 

2. In this study, we aimed to investigate the potential utility of touchscreen technology for the 13 

study of cognition in wild vervet monkeys. We assessed the viability of touchscreen testing 14 

by comparing rates of participation between wild and sanctuary-housed vervets. Additionally, 15 

we compared performance on a simple associative learning task in order to verify that wild 16 

participants are able to engage meaningfully with a touchscreen task presented in their natural 17 

environment. 18 

3. We presented eight groups of vervet monkeys (four wild and four sanctuary groups, 19 

totalling 240 individuals) with a portable touchscreen device. The touchscreen displayed 20 

tasks in which food rewards could be gained by touching a stimulus displayed on the screen. 21 

We assessed individuals’ likelihood of interacting with the touchscreen, their frequency of 22 

participation, and their performance on a simple associative learning task.  23 

4. We found that sanctuary-housed monkeys were more likely to interact with the 24 

touchscreen. Participation in wild vervet monkeys was influenced by sex and age. However, 25 

monkeys in the two contexts (sanctuary versus wild) did not differ in their performance on a 26 

simple associative learning task. 27 

5. This study demonstrates that touchscreen technology can be successfully deployed in a 28 

population of wild primates. This gives us a starting point to test animal cognition under 29 

natural conditions that include varying group composition, environmental challenges, and 30 

ongoing activities such as foraging, which are challenging to recreate in captivity. While rates 31 

of participation were lower than those found in captivity, reasonable sample sizes can be 32 

achieved, and wild primates can successfully learn touchscreen tasks in a manner comparable 33 

to their captive counterparts. 34 

Keywords:  35 

Touchscreen field experiment - Captivity effect - Free time hypothesis - Participation 36 

Cognitive task - Vervet monkey 37 
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Introduction 40 

In recent years, while many experiments have been done to quantify both within and 41 

between-species differences in cognition, most have been conducted in captive environments 42 

such as zoos (see Hopper, 2017 for review) or laboratories, with relatively few conducted in 43 

the wild (Martin et al., 2022; Pritchard et al., 2016). In captivity, researchers can control 44 

environmental factors, animals can be isolated from the rest of the group, and can be sampled 45 

based on individual characteristics. Research conducted in captivity raises two key questions; 46 

how representative is the cognition of captive animals in comparison to their wild 47 

counterparts, and if there are differences, from where do they stem? Identifying the ways in 48 

which captive animals’ cognitive abilities may differ from those of wild animals could 49 

provide an insight into the extrinsic and intrinsic factors influencing performance on 50 

cognitive tests. To answer these questions, it is necessary to find ways to study animal 51 

cognition in the wild in a manner that is comparable to captive tests of cognition. 52 

Studying cognition in the wild 53 

There has been an increase in cognitive experiments conducted in the wild since 54 

Matsuzawa’s pioneering ‘outdoor laboratory’ at the chimpanzee fieldsite Bossou 55 

(Matsuzawa, 1994), along with improvements in the methods and technology used (Szabo et 56 

al., 2022). Cognitive experiments have been conducted with wild subjects across a wide 57 

range of taxa, from spatial cognition in wild rufus hummingbirds (Selasphorus rufus, Healy 58 

& Hurly, 2013), innovative problem solving in wild meerkats (Suricata suricatta: Thornton 59 

& Samson, 2012), to reversal learning in wild vervet monkeys (Chlorocebus pygerythrus: 60 

Kumpan et al., 2020). These studies have the benefit not only of complementing existing 61 

research into cognition in captive animals, but additionally testing animals within their 62 

natural context, with the ecological pressures that it entails (Harrison & van de Waal, 2022). 63 

A challenge of conducting cognitive research in wild populations is finding methods which 64 

can be deployed in the field and produce comparable data to captive studies. One possibility, 65 

explored in the current study, is the use of touchscreen technology. 66 

Touchscreens in cognitive testing 67 

Touchscreens have been used in captivity to examine cognitive processes including memory, 68 

decision making, associative and reversal learning, and collaboration (Egelkamp & Ross, 69 

2019). There are already many examples of cognitive testing using touchscreens in captive 70 

primates (Martin et al., 2022). For example, touchscreens have been used to test working 71 



   
 

   
 

memory in captive chimpanzees (Inoue & Matsuzawa, 2007; Kawai & Matsuzawa, 2000), 72 

risk-taking in chimpanzees, gorillas (Gorilla gorilla gorilla) and Japanese macaques (Macaca 73 

fuscata) (Leinwand et al., 2020) and in-group recognition in capuchin monkeys (Sapajus 74 

apella) (Pokorny & de Waal, 2009). While touchscreens could be an innovative device to test 75 

wild animals, they bring technical challenges, namely the potential lack of electricity and Wi-76 

Fi connection outside of captive environments (Schmitt, 2019). On the other hand, studying 77 

animals under unnatural conditions, such as small group sizes, isolation, and close contact 78 

with humans, affects their behaviour (Forss et al., 2022; Seferta et al., 2001; Woolverton et 79 

al., 1989), suggesting that researchers should explore the potential of using innovative testing 80 

methodologies to compare wild and captive performance in cognitive tasks. In order to 81 

validate new methods for testing cognition comparatively in the wild and captivity, it is 82 

important to understand likely participation levels as well as comparing cognitive 83 

performance, as cognitive performance can only be assessed in individuals which participate 84 

in testing (van Horik et al., 2017).  85 

Participation in experiments: the ‘free time’ and necessity hypotheses  86 

There are alternative hypotheses to explain different rates of participation in experimental 87 

tasks between individuals. The ‘free time’ or ‘excess energy’ hypothesis suggests that 88 

individuals will engage in exploration when they are under less pressure to find key resources 89 

or evade predators (Kummer & Goodall, 1985). The ‘necessity hypothesis’ in contrast, 90 

predicts that animals will become more motivated to explore and innovate when resources are 91 

lacking, forcing them to find alternative solutions to access food sources (Grund et al., 2019). 92 

The day-to-day behaviour of wild animals is strongly influenced by needs introduced by their 93 

social and physical environment which vary seasonally and may not be present to the same 94 

extent in captive animals (Cauchoix et al., 2017). These needs may restrict the ‘free time’ 95 

available to participate in cognitive testing. Furthermore, in many primate species, 96 

individuals need to travel to find daily resources, giving researchers less time in a fixed 97 

location to present an experimental apparatus. In captivity, animals often have free access to 98 

food and water, reducing the need for foraging time, which may give them more opportunity 99 

to interact with the experimental paradigm.  100 

Some studies have indeed shown higher rates of exploration of novel objects and higher 101 

persistence in captive animals in comparison to wild ones (Benson-Amram et al., 2013; Forss 102 

et al., 2015), suggesting that captive individuals should interact with and explore 103 

experimental paradigms more than wild individuals. Rates of participation in wild 104 



   
 

   
 

populations may also be low, with Morand-Ferron et al. (2015) finding that in a population of 105 

wild great tits (Parus major) only 8% visited and interacted with an artificial feeder. 106 

Alongside differences between wild and captive populations, experiments have also shown 107 

high inter-individual variability in interaction with experimental tasks, with factors such as 108 

age and level of distraction influencing an individual’s likelihood of interacting with a task 109 

(Martina et al., 2021).  110 

Individual differences in participation: Age and sex 111 

Research across multiple species has shown that juveniles are more likely to explore novel 112 

objects than adults (Biondi et al., 2010; Morand-Ferron et al., 2015) and are more persistent 113 

when solving novel problems (Benson-Amram et al., 2013), spending more time in proximity 114 

to novel tasks (Kendal et al., 2005). Results such as these suggest that juveniles may be less 115 

neophobic and more motivated to explore and discover their environments than adults, and 116 

therefore show higher levels of participation in novel cognitive tasks.  117 

Other studies have focused on differences in exploration and innovation between the sexes. 118 

Many species are sexually dimorphic in body mass, with males being larger and stronger than 119 

females, which results in task monopolization by males (Bean, 1999; van Horik et al., 2017). 120 

In a scrounging test in vervet monkeys, males, who are larger and stronger than females, 121 

obtained more food by participating more and displacing others from artificial food patches 122 

(Li et al., 2021). In group-testing paradigms, in which individuals must compete to access a 123 

task rather than being offered it individually, the larger sex may therefore be more likely to 124 

participate. 125 

Understanding and quantifying differences in levels of participation in novel tasks is critical 126 

for two reasons: firstly, this can aid in study design, allowing researchers to predict which age 127 

classes are more likely to participate in a task, and potentially design paradigms to encourage 128 

participation in less well-represented groups. Secondly, this gives an insight into intra-species 129 

differences in factors such as neophobia, risk-taking, and motivation.  130 

The captivity effect and performance in cognitive tests 131 

Beyond participation in cognitive tests, some studies have found differences in performance 132 

between captive and wild subjects (see McCune et al., 2019, for review). Whilst these studies 133 

are limited in number, the majority have found enhanced performance in captive subjects in 134 

comparison with wild subjects (e.g. Benson-Amram et al., 2013), and within primates, it has 135 

been suggested that increased exposure to humans enhances problem-solving capacities 136 



   
 

   
 

(Damerius et al., 2017; Forss et al., 2020). However, some studies have found the opposite, 137 

with wild subjects performing equally well as (Cauchoix et al., 2017) or outperforming 138 

(McCune et al., 2019) wild-caught subjects temporarily held in captivity, though it is unclear 139 

how the stress of time spent in captivity might influence the performance of wild-caught 140 

subjects.  141 

The tests deployed in comparisons of wild and captive cognition have so far been varied. 142 

Associative learning appears to be a good target for those interested in the evolution of 143 

cognition, as it is highly conserved but also demonstrates large inter-specific and intra-144 

specific differences in performance, and is likely to have fitness consequences (Morand-145 

Ferron, 2017; Morand‐Ferron et al., 2016; Raine & Chittka, 2008). Currently, there is little 146 

evidence regarding the causal links between cognitive ability and fitness in wild populations; 147 

measuring performance in associative learning tasks and then relating this to functional 148 

mechanisms would be one route to elucidating these causal relationships (Cole et al., 2012; 149 

Morand-Ferron et al., 2015). Equally, examination of whether the associative learning 150 

abilities of wild animals are similar to those of animals tested in captivity may give some 151 

insight into the developmental processes and evolutionary pressures that influence this 152 

ability, including the role of social context and sociality. Testing both captive populations and 153 

wild populations with varying group sizes may provide some insight into the impact of social 154 

context upon problem solving. If links can also be made between cognition and fitness in 155 

wild populations, this could provide support for the social intelligence hypothesis that posits 156 

large group sizes drive cognitive evolution (Dunbar, 1998), as demonstrated in a study of the 157 

effect of group size on cognition in wild pinyon jays by Ashton et al. (2018). 158 

Aims and hypotheses 159 

The current study had two major aims; firstly, to disentangle the effects of environmental 160 

factors and individual traits on participation rates of wild and captive vervet monkeys in 161 

cognitive testing, and secondly, to provide the first results of a simple associative learning 162 

task comparing the performance of captive and wild vervet monkeys. To do this, we adopted 163 

a multi-step training procedure using portable touchscreen technology (Schmitt, 2018). We 164 

conducted an experiment with the aim of training both wild and captive vervet monkeys 165 

living in social groups in South Africa (wild: four groups at the Inkawu Vervet Project; 166 

captive: four groups at the Wild Animals Trauma Centre & Haven) to interact with the screen 167 

(using a visual stimulus, a blue square, that had to be touched to gain a food reward). In this 168 

paper, we analyse rates of participation across multiple tasks presented on the touchscreen 169 



   
 

   
 

and present the first results stemming from one of these tasks; a simple associative learning 170 

task. Our hypotheses are outlined below and summarised in Table 1. 171 

First, we investigated the likelihood of participation in two environmental contexts (wild and 172 

captivity). Our hypothesis was in line with the ‘free time’ hypothesis (Kummer & Goodall, 173 

1985). The lack of danger and the free time available in captivity should provide captive 174 

vervet monkeys with more opportunities to interact with the touchscreen compared to wild 175 

vervet monkeys. The captive groups tested also had, in general, smaller group sizes than the 176 

wild groups, and so reduced competition for the task is also likely to result in increased 177 

likelihood of participation. 178 

Secondly, we investigated the impact of two individual traits: age and sex, on the likelihood 179 

of wild monkeys participating in the experiment. In vervet monkeys, juveniles are more 180 

explorative and less neophobic than adults (Forss et al., 2021). In line with this evidence, we 181 

expected higher curiosity and greater participation from juvenile vervet monkeys compared 182 

to adults. Following findings in previous studies described above (Bean, 1999; Li et al., 2021; 183 

van Horik et al., 2017), adult male vervet monkeys, being larger than adult females, could be 184 

expected to have higher rates of participation. However, co-dominance has been found in 185 

these study groups at IVP (Hemelrijk et al., 2020), and adult females as core group members 186 

have been trained as models in multiple field experiments (Borgeaud & Bshary, 2015; 187 

Botting et al., 2018; Gareta García et al., 2021; van de Waal et al., 2015). Thus, we also have 188 

evidence leading us to expect a high monopolization of the apparatus by adult females and 189 

for this reason we do not have a clear hypothesis concerning higher likelihood of 190 

participation in one sex or the other.  191 

In the wild population, we also explored the effect of age and sex upon the rate of 192 

participation. Age was expected to influence the number of attempts made at the task; we 193 

expected juveniles to make more attempts than adults. However, an individual’s ability to 194 

monopolise the task is also expected to influence the number of attempts made in a session, 195 

and adults may be better able to outcompete others for access than juveniles. 196 

Finally, we tested the cognitive abilities of both wild and captive monkeys on a simple 197 

associative test (the speed of learning to touch a blue square presented on the screen to attain 198 

a reward). Following evidence of a captivity effect in problem solving in primates (Forss et 199 

al., 2020), we expected that captive monkeys would require fewer trials to reach criterion on 200 

the associative task.  201 



   
 

   
 

Table 1. Summary of comparisons and predictions 202 

Outcome Comparison Prediction Sample size 

Likelihood of 

participation 

Wild vs. captive Higher in captive NWild = 178 

NCaptive = 62 

 Sex and age classes 

within wild 

population 

Higher in juveniles N = 178 (wild only): 

NAdultFemale = 53* 

NAdultMale = 40* 

NJuvenileFemale = 43* 

NJuvenileMale = 55* 

Rate of 

participation 

Sex and age classes 

within wild 

population 

Higher in juveniles N = 86 (wild only): 

NAdultFemale = 23† 

NAdultMale = 19† 

NJuvenileFemale = 20† 

NJuvenileMale = 26† 

Task performance 

– simple 

association 

learning 

Wild vs. captive Faster in captive NWild = 15  

NCaptive = 8 

* Note: Thirteen individuals were tested as both juveniles and adults over the course of the study. 203 

† Note: Three individuals participated as both juveniles and adults over the course of the study. 204 

  205 



   
 

   
 

Materials and Methods 206 

Study site and species 207 

Data were collected from May 2019 to January 2022 on four groups of wild vervet monkeys 208 

(Ankhase, Baie Dankie, Kubu, and Noha) at the Inkawu Vervet Project (IVP) in Mawana 209 

Game reserve, South Africa, and from August 2018 to January 2022 on four groups of 210 

captive vervet monkeys (Boeta, Cowen, Liffie, and Poena) at the Wild Animals Trauma 211 

Centre & Haven (W.A.T.C.H), South Africa. Group size varied from three to 65 individuals 212 

(for detailed group composition see Table S1). Females were defined as adults when they 213 

reached five years old or when they first gave birth (whichever occurred first); we defined 214 

males as adults when they reached five years old or upon dispersal from their natal group 215 

(whichever occurred first). Individuals were defined as juveniles from the age of four months 216 

until they reached adulthood. Babies (individuals aged less than four months during testing) 217 

were excluded from the dataset as they were not independent from their mothers. For total 218 

sample composition, see Table S2. 219 

Ethical statement  220 

Our study adhered to the ASAB/ABS Guidelines for the use of animals in research 221 

(ASAB/ABS, 2020) and was approved by the relevant local authority, Ezemvelo KZN 222 

Wildlife, South Africa. 223 

Subjects 224 

Since 2010, six neighbouring groups of wild vervet monkeys have been habituated to humans 225 

and their artefacts at the IVP. Researchers individually identify individuals by face and body 226 

characteristics. The size of the four studied wild groups at the IVP during the study period 227 

varied between 15 and 65 individuals (see Table S3). Vervet monkeys are semi-terrestrial, 228 

which, coupled with their opportunistic nature, allows researchers to observe them easily and 229 

to test them with field experiments (Mertz et al., 2019). Monkeys in the four groups which 230 

participated in the current study have previously participated in behavioural experiments 231 

involving artificial foraging tasks (e.g. Bono et al., 2018; Canteloup et al., 2020; van de Waal 232 

et al., 2015). 233 

At the sanctuary, groups are composed of individuals with different backgrounds (including 234 

orphans, monkeys rescued from roadsides or street-markets, or injured individuals) and live 235 

in four large outdoor enclosures in social groups of three to 21 individuals (see Table S3). 236 

The majority of individuals arrived at the sanctuary as infants and were initially cared for by 237 



   
 

   
 

humans before being integrated into mixed-age social groups at three months old. Water and 238 

food are continuously available during the day. One group (Liffie) was released after the first 239 

year of experiments (November 2019), while the other three groups (Boeta, Cowen, Poena) 240 

were studied until February 2022. The last three groups participated in novel object 241 

experiments (Forss et al., 2021). While other behavioural research has previously been 242 

conducted at the sanctuary (van de Waal et al., 2013; van de Waal & Whiten, 2012) none of 243 

the groups included in the current study had participated in other studies beyond that of Forss 244 

et al. (2021). 245 

Material and Procedure 246 

We used a portable touchscreen (Zoo-based Animal-Computer-Interaction System, ZACI; 247 

Figure 1S) built to conduct research on apes in zoos (Schmitt, 2018). Whilst originally 248 

intended for studying animals in captivity, we adapted this portable touchscreen for field 249 

usage. To allow distance between the researcher and the animals, a convertible laptop was 250 

connected by a hotspot to an operating tablet from which we could control the program. The 251 

experiment was written in Matlab using Psychophysics Toolbox extensions (Brainard, 1997). 252 

The code records the identity of the individual participating (manual input), the type of 253 

stimuli used in the task (manual input), the number of trials attempted, the area in which each 254 

stimuli was presented on the screen, and whether the response was correct or not (coded as 1, 255 

0). To reward participants for each correct touch, the code sends an input to an electronic 256 

control unit (ECU) composed of a rechargeable battery and attached to a food dispenser 257 

(Model ENV-203-190IR, by Med Associates Inc St. Albans) ejecting soaked corn kernels. 258 

Researchers carried the touchscreen into the field for the experiment, attached it to a tree, and 259 

removed it immediately following each day of testing (Figure 1). The experimenter(s) 260 

maintained a distance of at least five metres from the task. At the sanctuary, we attached the 261 

portable touchscreen to the enclosure using hooks. The experiment started immediately after 262 

attaching the device. We recorded each experiment using one camera (JVC EverioR Quad 263 

Proof GZ-R415BE) fixed on a tripod. All sanctuary data was collected by TM, with wild data 264 

collected by TM and six field assistants who followed the same protocol as TM. TM and all 265 

field assistants involved in data collection were required to pass an identification test prior to 266 

the start of the study in which they had to repeatedly and accurately identify every monkey in 267 

the group they were working with. 268 



   
 

   
 

 269 

Figure 1: A) A schematic representation of an experimental setup in the field. B) Monkeys interacting 270 
with the touchscreen at their sleeping site.  271 

We trained monkeys using three training tasks based upon the presentation of a blue square 272 

on a white background (Figure 2). In Task 1 (Habituation phase) we presented a blue square 273 

in the centre of a screen, with a white background. Monkeys received a reward if they 274 

touched either the blue square or the white background. We considered this first habituation 275 

phase completed when subjects sat in front of the screen and interacted with the touchscreen. 276 

Once the monkeys completed Task 1, we used the same image (central blue square on a white 277 

background) to test Task 2. In Task 2, monkeys were rewarded only when they touched the 278 

blue square. In Task 3, the blue square changed position in each trial, and again monkeys 279 

were only rewarded for touching the blue square. From Task 2 onwards, monkeys had to 280 

reach the learning criterion of seven correct touches in three consecutive sets, eight correct 281 

touches in two consecutive sets, or nine correct touches in one set (learning criterion from 282 

Paula et al., 2019; Salwiczek et al., 2012). When individuals made incorrect touches in 283 

Tasks 2 and 3 the blue square remained in the same location on the screen. The training 284 

was followed by two classical associative learning tasks (classical associative learning, CAL; 285 

reversal classical associative learning, RCAL) based upon the presentation of two stimuli of 286 

different shape, colour, and patterns on the screen (see Supplement for further information – 287 

CAL and RCAL testing made up 16% of recorded attempts at the task in the current dataset; 288 

424 / 2547 attempts). These tests were included when measuring participation, but more 289 

detailed analyses of performance are not within the scope of this paper. For each correct 290 



   
 

   
 

touch, subjects received three to four corn kernels as a reward. Individuals were allowed to 291 

participate with up to 30 touches divided into three sets of 10 touches in the first three 292 

tasks, while they were allowed to participate only up to ten touches in the CAL and RCAL 293 

tasks, after which a black screen was displayed to prevent further interaction. All trials 294 

(correct and incorrect) were automatically recorded. There was an inter-trial interval of 295 

two seconds regardless of whether the previous choice was correct (there was no 296 

punishment in the form of increased inter-trial interval for an incorrect choice).   297 

 298 

 299 

Figure 2. Three training tasks: from left to right: In Task 1 (Habituation task) monkeys had to touch 300 
anywhere on the screen (white background and blue square); In Task 2 (Touch stimulus), monkeys 301 
had to touch the blue square in the middle of the screen. In Task 3 (Moving stimulus), monkeys had to 302 
touch the blue square as in Task 2, but for each correct touch the square changed position on the 303 
screen. The hand shown in the pictures represents the monkeys’ touches (potentially correct or 304 
incorrect, as shown by ticks and crosses) and the yellow dots represent the corn reward. Figure: Lucas 305 
Zermatten 306 

We presented the touchscreen approximately twice a week both at the sanctuary and in the 307 

wild. For wild groups, the experiment was stopped when all members of the group moved 308 

away or stopped interacting. Experimental sessions were occasionally stopped due to 309 

technological problems, interruptions by sanctuary staff, storms, or other possible factors that 310 

could distract the monkeys' attention. Excluding these sessions, the wild monkeys were 311 

exposed to the device for a minimum session duration of 6.82 minutes, and a maximum 312 



   
 

   
 

duration of 187.43 minutes (mean session duration = 61.67 minutes). At the sanctuary the 313 

monkeys were exposed to the device for a minimum test session duration of 5.9 minutes and 314 

a maximum duration of 193.43 minutes (mean session duration = 31.95 minutes). See 315 

Supplemental Table S4 for a summary of the total number of test sessions conducted per 316 

group, and Supplemental Table S5 for the total presentation time per group. Due to the 317 

COVID-19 pandemic, there were occasionally longer breaks in testing, meaning that the 318 

interval between test sessions ranged from zero to 310 days in the wild and one to 426 days 319 

in the sanctuary (the length of time between test sessions did not significantly impact 320 

individuals’ likelihood of participation, see Supplemental Information: Additional analyses: 321 

Effect of breaks in testing for details). 322 

Pilot testing in the sanctuary groups 323 

Three of the four sanctuary-housed groups (Liffie, Poena, and Boeta) participated in pilot 324 

testing from August 2018 – November 2018. During these pilot sessions (N = 155 test 325 

sessions), monkeys were exposed primarily to Task 2, with three individuals participating in 326 

Task 3. Following this pilot, changes were made to the size of the touchscreen and to the 327 

positioning of the infrared device to achieve greater accuracy in recording correct and 328 

incorrect touches. Data from this pilot testing are included in the current dataset when 329 

comparing participation rates between wild and captive groups in which participation is a 330 

binary measure, thus allowing us to compare likelihood of participation from individuals’ 331 

first exposure to the task onwards. For this comparison, accurate counts of correct and 332 

incorrect touches are not required, and so the data collected in the pilot sessions is 333 

comparable with data collected during the main test period. Individuals which received Task 334 

3 during these pilot sessions were excluded from our analysis of performance on this task, 335 

due to potential differences in their training experience in comparison with individuals who 336 

received this task for the first time during the main test period. 337 

Statistical analyses 338 

All analyses were performed using R (R Core Team, 2020) and RStudio (RStudio Team, 339 

2020). Generalised linear mixed models (GLMMs) were used to analyse individuals’ 340 

likelihood of participation in the task and the number of trials individuals required to reach 341 

criterion in Task 3. Binary participation in the touchscreen task was assessed using binomial 342 

GLMMs with logit link function (function ‘glmer’ in the R package lme4; Bates et al., 2014) 343 

and the optimizer “bobyqa”. The number of attempts individuals made per session was 344 



   
 

   
 

analysed using a Cox proportional hazards model (function “coxme” in the R package 345 

coxme; Therneau, 2015), to account for right-censored data. The number of attempts each 346 

individual made before reaching criterion in Task 3 was assessed using a negative binomial 347 

GLMM with a log link (function ‘glmmTMB’ in the R package glmmTMB; Magnusson et 348 

al., 2017). A negative binomial distribution was used to account for significant 349 

overdispersion in the data.  350 

In two analyses (likelihood of participation and trials required to pass Task 3), comparison 351 

was made between wild and sanctuary populations. The wild and sanctuary populations were 352 

not comparable in terms of age and sex classes, and so further analyses exploring the impact 353 

of these factors upon task participation were limited to the wild population only. 354 

A binomial GLMM (Analysis 1) was used to compare the likelihood of captive and wild 355 

individuals participating in the tasks (with participation in each session coded as 1 or 0) with 356 

Context (Wild versus Sanctuary), and Session Duration (z-transformed) as predictor 357 

variables. This analysis included all touchscreen tasks (Tasks 1 – 3, CAL and RCAL) and 358 

included all individuals present in the groups at the time of testing (NTotal = 240; NWild = 178; 359 

NSanctuary = 62) with random effects for both Individual and Group (unnested, as some 360 

individuals moved between groups over the course of the experiment). Sessions which were 361 

terminated early due to external factors were not included in this analysis, as individuals were 362 

potentially prevented from participating during these sessions and so they may not reflect 363 

how many individuals would have participated had the session continued uninterrupted. 364 

Eighty-seven sessions were excluded for this reason, leaving 675 experimental sessions in the 365 

analysis. See Table S4 for a breakdown by group of the number of uninterrupted test sessions 366 

included in this analysis. 367 

A binomial GLMM (Analysis 2) was used to investigate the impact of individual factors such 368 

as age and sex upon participation in the task in the wild population only. Participation in each 369 

session was coded as 1 or 0, with Age Class (Juvenile versus Adult), Sex, Group (N = 4), and 370 

Session Duration (z-transformed) as predictor variables, with an interaction between Age 371 

Class and Sex. Individual identity was included as a random effect. This analysis included all 372 

touchscreen tasks (Tasks 1 – 3, CAL and RCAL) and included all individuals present in the 373 

groups at the time of testing (N = 178). As in GLMM 1, sessions which were terminated 374 

early due to external factors were not included. 375 



   
 

   
 

A mixed-effects survival model (Analysis 3) was used to investigate the impact of individual 376 

factors upon the number of attempts made by individuals per session within wild groups, with 377 

Sex, Age Class, and Group as predictor variables, and a random effect of Individual. This 378 

analysis included data from Tasks 2 and 3 only, as the experimental procedure of allowing 379 

only 30 attempts per session was applied most consistently for these tasks. Only individuals 380 

that participated in Tasks 2 and 3 were included in this analysis (N = 86). Prior to running the 381 

analysis, any individuals who had participated beyond 30 attempts had their number of 382 

attempts truncated at 30. We fitted a Cox proportional hazards model as these models are 383 

appropriate for right-censored data, in which an experimental cut-off point prevents further 384 

data collection. In our case, as many individuals were prevented from making more than 30 385 

attempts per session, we do not have data showing the upper limit of how many attempts an 386 

individual would have made without this limit. This model therefore analysed the likelihood 387 

of an individual ceasing to participate prior to making 30 attempts. The Cox model produces 388 

hazard ratios (HR), in which an HR > 1 indicates a positive relationship between a variable 389 

and event probability, and an HR < 1 indicates a negative relationship between a variable and 390 

event probability. In our case, an HR above one indicates that an individual was more likely 391 

to stop participating sooner (i.e. to make fewer attempts), while an HR below one indicates 392 

an individual was more likely to approach 30 attempts without ceasing to participate.  393 

A negative binomial GLMM (Analysis 4) was used to analyse the number of trials taken to 394 

pass Task 3 in the 23 individuals (NWild = 15; NSanctuary = 8) who achieved this, with Context 395 

as a predictor variable, and a random effect of Group. Some individuals in the Sanctuary (N = 396 

3) had been trained with Task 3 during an initial pilot testing period (2018), during which the 397 

size of the blue square presented on the screen was larger and the infrared technology used to 398 

count the number of correct and incorrect touches was still being calibrated. These 399 

individuals were excluded from the analysis due to the difference in their training experience 400 

and concerns regarding the accuracy of measurement of the number of trials they had 401 

completed.  402 

For full details of all diagnostic checks performed on the above models, see Supplemental 403 

Information “Model Assessment”. 404 
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Results 406 

Analysis 1: Likelihood of participating in the task, Sanctuary vs. Wild 407 

The full model (Analysis 1) was a significantly better fit to the data than a null model 408 

containing only the random effects structure (𝜒2 =187.54, p < 0.0001). Context had a 409 

significant effect upon individuals’ likelihood of participating in the touchscreen task (Figure 410 

3, Table 2). A main effect of Context indicates that Sanctuary individuals were significantly 411 

more likely to participate than Wild individuals (𝛽 = 1.96, p = 0.002).  412 

Table 2. Results of a GLMM predicting individual participation in the task in wild and 413 

captive groups. 414 

Effect Estimate Wald 95% confidence 

interval 

p-value 

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 
  415 



   
 

   
 

 416 

Figure 3. Model predictions (estimated marginal means) of the effect of Context on likelihood of 417 
participation in the task. The solid black point shows the prediction for each Context, with black error 418 
bars showing the 95% confidence interval. The prediction is at the mean session duration. Boxplots 419 
show the distribution of the observed likelihood of participation. The solid horizontal line, coloured 420 
by Context, shows the median proportion of sessions in which individuals participated. Upper and 421 
lower limits of the box show the first and third quartiles, and whiskers extend to the highest and 422 
lowest values at 1.5 times the interquartile range. Coloured points show the observed proportion of 423 
sessions in which each individual participated, with each point representing one individual. 424 

Analysis 2: Likelihood of participation in the task, individual factors in the wild population 425 

The full model was a significantly better fit to the data than a null model containing only the 426 

random effect structure (𝜒2 = 229.1, p < 0.0001). The likelihood of participation varied by 427 

both age and sex (see Table 3, Figure 4). Adult females were more likely to participate than 428 

juvenile females (𝛽 = 0.77, p = 0.014), while the contrary effect was seen in males, who were 429 

less likely to participate as adults than as juveniles (Age Class * Sex interaction: 𝛽 = -3.42, p 430 

< 0.0001). Juvenile males were more likely to participate than juvenile females (𝛽 = 1.58, p = 431 

0.016). 432 
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Table 3. Results of a GLMM predicting the likelihood of participation by individuals per 434 

session in the task in the wild population. 435 

Effect Estimate Wald 95% 

confidence interval 

p-value 

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-

transformed) 

0.4  0.40; 0.55 < 0.0001 

Age Class * Sex -3.42 -4.62; -2.21 < 0.0001 

 436 



   
 

   
 

 437 

Figure 4. Model predictions (estimated marginal means) of the effect of Age Class and Sex on 438 
likelihood of participation in the task in the wild population, shown by age sex class. The predicted 439 
value for each Sex and Age Class category is shown by the solid black point, with error bars showing 440 
the 95% confidence interval around this prediction. The prediction is at the mean Session Duration. 441 
Boxplots show the distribution of the proportion of sessions participated in by each age-sex class, 442 
with solid horizontal lines showing the median proportion, upper and lower limits of the box showing 443 
the first and third quartiles, and whiskers extending to the highest and lowest values at 1.5 times the 444 
interquartile range. Points show the proportion of sessions participated in by each individual, coloured 445 
by Sex. 446 

Group also impacted individuals’ likelihood of participation (overall significance calculated 447 

using the ‘Anova’ function in the package ‘car’: 𝜒2 = 14.23, p = 0.003). A post-hoc Tukey 448 

test revealed that individuals in Baie Dankie (𝛽 = -2.37, p = 0.008) and Kubu (𝛽 = -2.27, p = 449 

0.016) were significantly less likely to participate than those in Ankhase. No other significant 450 

between-group differences were found. 451 

452 



   
 

   
 

Analysis 3: Number of attempts made in the task, individual factors in the wild population 453 

The full model was a significantly better fit to the data than a null model containing only the 454 

random effect of individual (𝜒2 = 14.83, p = 0.02). No effect of Sex or Age Class was found, 455 

but there was a main effect of Group (𝜒2 = 8.73, p = 0.033). A post-hoc Tukey test, however, 456 

indicated that there was only a marginal, non-significant, difference between Noha and Baie 457 

Dankie (HR = 0.53, p = 0.060), indicating that individuals in Noha tended to make more 458 

attempts at the task than individuals in Baie Dankie. 459 

While not significant, both Sex and Age Class influenced the number of attempts made per 460 

session by individuals. Male juveniles were more likely to reach 30 attempts in a session than 461 

female juveniles (HR = 0.59, p = 0.061, see Figure 5). There was also a non-significant 462 

interaction between Age and Sex, such that male adults were more likely to stop participating 463 

before reaching 30 attempts than were male juveniles (HR = 2.00, p = 0.086). Caution should 464 

be taken in interpreting these non-significant effects, but it is possible that with a larger 465 

sample size significant sex and age differences in individuals’ rate of participation would be 466 

found. 467 

Table 4. Results of a Cox mixed effects model predicting the number of attempts made by 468 

individuals per session in the task in the wild population. 469 

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 

 470 



   
 

   
 

471 
Figure 5. The number of attempts made by individuals in the wild population. Boxplots, colored by 472 
sex, show the distribution of the number of attempts made by each age-sex class, with solid lines 473 
showing the median number, upper and lower limits of the box showing the first and third quartiles, 474 
and whiskers extending to the highest and lowest values at 1.5 times the interquartile range. Solid 475 
points show the mean number of attempts made per session by each individual, coloured by Sex with 476 
shape indicating Group membership.   477 

 478 
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Analysis 4: Trials required to pass Task 3 480 

The full model (Analysis 4) analysing the number of attempts individuals required to pass 481 

Task 3 was not a better fit to the data than a null model containing only the random effect 482 

structure (𝜒2 = 0.46, p = 0.50; see Table S6 for full model output). Context had no impact 483 

upon the number of attempts an individual made before reaching criterion (Figure 6; see 484 

Table S6 for full model output). 485 

 486 

Figure 6. The number of attempts made by individuals prior to reaching criterion on Task 3. Points 487 
show the number of attempts made by each individual, coloured by Context, with shape indicating 488 
Group membership. Boxplots show the median in a solid line, first and third quartiles at the upper and 489 
lower box edges, and whiskers show the largest and smallest values at 1.5 times the interquartile 490 
range of the distribution of observations for Wild and Sanctuary contexts. 491 

 492 
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Discussion 494 

The influence of context on participation 495 

In this study, we compared the participation rates of wild and sanctuary-housed vervet 496 

monkeys when offered a touchscreen device displaying various cognitive tasks. According to 497 

the free time hypothesis (Kummer & Goodall, 1985), we expected different rates of 498 

participation between the captive and wild vervet populations. Our results supported our 499 

hypothesis; participation level was influenced by environment. Captive individuals were 500 

significantly more likely to interact with the touchscreen than their wild conspecifics. This 501 

result supports the free time hypothesis, which would predict higher rates of participation in 502 

captive vervet monkeys which have more time and energy to spend interacting with 503 

experiments (Kummer & Goodall, 1985). Conversely, wild individuals may have had less 504 

free time to interact with the touchscreen due to the distraction of necessary activities such as 505 

foraging or being vigilant towards predators. Test sessions in wild groups ended when the 506 

group moved away from the test site; in line with the free time hypothesis, pressure to 507 

undertake daily activities such as foraging likely reduced the amount of time groups spent in 508 

proximity to the task. It should be noted that group sizes were quite disparate between the 509 

wild and captive groups tested in this study (see Table S3), with three of the wild groups 510 

consistently containing more individuals than any of the captive groups. It is therefore 511 

possible that group size influenced individuals’ access to the task, with individuals in captive 512 

groups having greater opportunities to interact due smaller group sizes resulting in reduced 513 

competition.  514 

Despite significant differences in their likelihood of participation, individuals which reached 515 

criterion in Task 3 (learning to reliably touch a blue square, displayed in different locations 516 

on the screen, in order to get a reward) in both the wild and sanctuary-housed contexts did so 517 

with no difference in the number of attempts required. This result allows us to conclude that 518 

any differences in methodology between the two different environments did not affect the 519 

amount of time required for individuals to learn the association between touching the blue 520 

square and receiving a food reward, and also indicates that individuals in both contexts 521 

interacted meaningfully with the task. This result is in line with the findings of Cauchoix et 522 

al. (2017), who found no differences in reversal-learning performance between great tits 523 

tested in the wild and captivity and appears to be counter to the argument that captive 524 

primates display a ‘captivity effect’ in their cognitive abilities (Forss et al., 2020). However, 525 

this task was primarily a training task designed to facilitate later testing with more complex 526 



   
 

   
 

problems and is therefore relatively simple. It is possible that any captivity effect, or other 527 

differences in cognitive performance between wild and captive populations, may become 528 

apparent only when using more challenging tests of cognition. 529 

Group differences in the wild population 530 

Within the wild population, group membership significantly influenced individuals’ 531 

likelihood of participating in the task. Individuals in Baie Dankie (the largest group, N = 57 - 532 

65) and Kubu (the smallest group, N = 15 - 18) were less likely to participate in testing than 533 

those in Ankhase (a medium-sized group, N = 23 - 26). Individuals in Kubu also made fewer 534 

attempts than those in Ankhase, and individuals in both Baie Dankie and Kubu made fewer 535 

attempts than those in Noha (a medium-sized group, N = 32 - 40). It is possible that 536 

membership of a larger group suppressed participation in the case of monkeys in Baie 537 

Dankie, due to higher rates of competition. This may have allowed high ranking individuals 538 

to monopolise the touchscreen; the effect of rank on participation should be explored in 539 

future studies.  540 

Individuals in the smallest group (Kubu) were also less likely to participate. This group was 541 

habituated in 2013, more recently than the other wild groups tested in the study, and 542 

additionally has previously been found to have a lower habituation index than the other 543 

groups tested (Forss et al., 2021). It is therefore possible that in this group, while inter-544 

individual competition for the task was reduced due to the small group size, reduced 545 

habituation to humans suppressed participation. Levels of participation may also have been 546 

influenced by variation in individual levels of habituation, along with factors such as 547 

personality (Webster & Rutz, 2020). Different groups may also contain individuals with 548 

differing dominance styles and resource holding potential, potentially rendering 549 

monopolisation a greater issue in some groups than others (as has been suggested as an 550 

explanation for differing levels of social tolerance in neighbouring chimpanzee groups, 551 

Cronin et al., 2014).  552 

While we believe testing multiple groups of wild individuals represents a crucial step forward 553 

in our understanding of the impact of social factors upon cognition and behaviour, our 554 

interpretation of any differences remains limited somewhat by sample size when it comes to 555 

pinpointing the cause of between-group differences, as the four groups tested here are likely 556 

to differ in a number of parameters, group size and habituation being only two. Future studies 557 

could begin to tease this apart both by more detailed examination of interactions at and 558 



   
 

   
 

around the task (which is outside the scope of the current paper), for example examining the 559 

number of individuals who approached the task but were outcompeted, and by incorporating 560 

parallel tests of social tolerance and habituation to quantify existing group differences. 561 

Phenotypic traits influenced participation in the wild population 562 

Although many studies have shown that juveniles are less neophobic than adults (Bergman & 563 

Kitchen, 2009; Biondi et al., 2010; Miller et al., 2015; Visalberghi et al., 2003), and therefore 564 

we expected juveniles to participate and interact with the touchscreen more frequently than 565 

adults, our findings regarding this were impacted by sex. Male juveniles were indeed more 566 

likely to participate than adult males, but female juveniles were less likely to participate than 567 

adult females. Vervet monkeys have a complex social system based on a linear hierarchy 568 

organised by matrilines. In our context, it is very likely that juveniles had to wait for the end 569 

of monopolization by the high-ranking adult females before interacting with the experiment. 570 

Nonetheless, male juveniles were significantly more likely to participate than adult males. 571 

When they reach sexual maturity, male vervets disperse from their natal group. When 572 

juvenile males approach this milestone, they become less central and more independent 573 

(Young et al., 2019). It is therefore possible that the age class effect seen in wild juvenile 574 

males in our study is driven by highly explorative older juveniles and high competition levels 575 

between juvenile males and other group members. Our sample size did not allow detailed 576 

exploration of age effects and competition, but future research should explore these 577 

possibilities.  578 

Regarding sex differences, we found that adult females made more attempts at the 579 

touchscreen than males. One possible explanation for this can derive from physiological 580 

needs. Females, especially during the gestation and lactating period, need higher energy 581 

intake and there were females in our sample who were pregnant and had offspring during the 582 

period of the experiment. We also found that adult females participated more than males in 583 

the experiments. In our study population, it has been shown that females are often dominant 584 

over males and many groups have a female as the most dominant individual in the group 585 

(Hemelrijk et al., 2020). Therefore, our results could be explained by the fact that dominant 586 

adult females might have the greatest opportunity to monopolize and interact with the 587 

touchscreen.  588 

Within this study, we found that the likelihood of participation increased with the number of 589 

rewards a monkey had received the last time they participated (see Supplemental 590 



   
 

   
 

Information: Effect of previous success on participation in the wild population). Additionally, 591 

regardless of the length of time between experiments, monkeys in both the wild and captivity 592 

were motivated to participate again (see Supplemental Information: Effect of breaks in 593 

testing). Both these findings could influence the design of future studies.  594 

While our study demonstrates that it is possible to conduct cognitive tests using touchscreen 595 

technology in the wild, some sampling biases are likely to apply (Webster & Rutz, 2020) 596 

which may impact the generalisability of results, particularly regarding self-selection 597 

according to personality and habituation. Our findings indicate that some age and sex classes 598 

(adult females and juvenile males) were more likely to participate than others, suggesting that 599 

future studies may need to engage in some selection of individuals to achieve balanced 600 

samples in this regard – we suggest a potential method to achieve this below.  601 

Future directions 602 

To increase the number of individuals who can interact with touchscreens presented in the 603 

wild, it would be useful in the future to integrate more advanced technological methods such 604 

as automatic facial recognition (Schofield et al., 2019) or individual radio frequency 605 

identification (RFID: Bridge et al., 2019; Fagot & Paleressompoulle, 2009). We note that 606 

fitting RFID tags would require sedation of the study subjects and therefore may not be 607 

appropriate in many cases (Soulsbury et al., 2020), but could be an option in populations in 608 

which individuals are already sedated to fit GPS collars as a standard protocol, rather than 609 

sedating animals for the sole purpose of fitting RFID tags. These methods would allow the 610 

touchscreen to automatically present the appropriate task according to the individual 611 

interacting, and would allow the process to be automatized, with the touchscreen remaining 612 

in place in the field for prolonged periods. This would not prevent monopolisation, and so 613 

might result in larger amounts of data but not necessarily larger sample sizes. Automatization 614 

would also potentially facilitate the presentation of multiple touchscreens in the field at the 615 

same time, which likely would reduce the impact of monopolisation upon participation. To 616 

further address monopolisation, individuals could also be trained to recognize a visual pattern 617 

on the screen indicating that it is their turn to interact with the task, with the screen blocked 618 

for all individuals except the target participant. This procedure could also be used to generate 619 

more balanced samples in terms of age and sex class (a technique successfully used with 620 

artificial foraging boxes by Borgeaud and Bshary, 2015). We found that across the four wild 621 

groups, the total number of individuals interacting per session was relatively similar 622 

regardless of group size (see Supplemental Information: Number of individuals participating 623 



   
 

   
 

per session in wild groups), and so methods to increase presentation time by automating 624 

aspects of the process may help to increase sample sizes.  625 

Further research could also explore in more detail how social factors influence participation 626 

in experimental tasks. Our findings point towards potential roles for group size and resulting 627 

competition, and inter-individual tolerance or monopolisation by dominant individuals. These 628 

represent potential constraints that testing in social contexts may place upon cognitive testing 629 

of wild animals. However, it is also likely that social factors facilitate participation and 630 

interaction with novel objects such as the touchscreen, through processes such as social 631 

facilitation (Dindo et al., 2009; Forss et al., 2017; Miller et al., 2014). There is also the 632 

potential for social learning to influence interaction with the task, via local or stimulus 633 

enhancement, or more high-fidelity forms of social transmission. As adult females were key 634 

participants in our task, and are the preferred models for social learning in wild vervet 635 

monkeys (van de Waal et al., 2010; Bono et al., 2018), the presence of adult females 636 

interacting with the task may well facilitate participation by other age sex classes in this 637 

species. 638 

We believe that touchscreen testing with wild populations has the potential to provide a step 639 

forward in studying non-human cognition. However, the potential ethical implications of this 640 

type of research must be carefully considered (Gruber, 2022). Like other types of field 641 

experiment, providing touchscreens for testing animals in their natural habitat removes the 642 

need to bring animals into captivity for testing, opening up the possibility of testing animals 643 

for which capturing would be unethical. This benefit aside, it is unlikely that touchscreen 644 

testing will be appropriate in all situations. The current set-up requires the relatively close 645 

presence of an experimenter, and food rewards are provided. The possibility of individuals 646 

forming an association between humans and food rewards may be dangerous in some species 647 

(for example, the great apes), and provisioning can carry risks (Fedigan, 2010). Exposure to 648 

human artefacts in the form of screens may also be considered unacceptable for some species 649 

(though we note that video demonstrations have previously been shown to wild primates e.g. 650 

Gunhold et al., 2014). The population of monkeys tested in the current paper do not live in 651 

close proximity to humans, and therefore the risk of habituation to the touchscreen spilling 652 

over into increased attempts to interact with screens in other contexts is limited, but this 653 

should be considered if testing urban populations, for example. Additionally, the potential for 654 

exposure to the touchscreen to alter the natural behavioural repertoire of the subjects should 655 

be considered. Vervet monkeys are not endangered, and only a subset of groups resident at 656 



   
 

   
 

the IVP were included in touchscreen testing. However, for endangered species in which the 657 

natural behavioural repertoire must be carefully conserved, exposure to the touchscreen and 658 

other artificial experimental tasks may not be appropriate. 659 

Conclusion 660 

This study explored rates of participation at a novel touchscreen task in both wild and 661 

sanctuary-housed vervet monkeys. While participation rates were higher in captive monkeys, 662 

in line with the ‘free time’ hypothesis, performance as measured by the number of trials taken 663 

to reach criterion in a task was the same across both contexts. Age and sex differences in 664 

participation of wild monkeys were observed, which may reflect different levels of neophobia 665 

and motivation between juveniles and adults and males and females, as well as the ability to 666 

compete for access to and monopolise the touchscreen. The study demonstrates that 667 

touchscreen technology can be deployed successfully in a wild primate population, and that 668 

while levels of participation may differ, results comparable to the performance of captive 669 

populations can be achieved. This opens the door for comparative studies examining the 670 

ways in which cognitive abilities may differ between wild and captive primate populations 671 

and offers the opportunity to validate results from captive studies in a wild population using 672 

identical methodology.   673 
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