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Insights from matched species comparisons for 
understanding cognition in the wild☆ 

Francesca De Petrillo1, Rosemary Bettle2 and  
Alexandra G Rosati2,3   

Studies of cognition in the wild are crucial for understanding 
cognition in natural contexts, but studies of animal cognition in 
captive populations, living in conditions resembling those of their 
natural environment, complement this approach and provide new 
insights into the evolution of cognition. To show how these 
approaches can work in tandem, we use data from recent 
comparisons on cognition across different primate species in 
similar settings. We discuss how this work can disentangle stable 
species-specific differences in cognition from local environmental 
effects, distinguish specific cognitive mechanisms supporting 
behavior, and reveal hidden variables that shape cognition in 
captivity and the wild. Integration of research in both captive and 
wild settings will therefore provide a holistic understanding of the 
origins and function of different cognitive processes. 
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Introduction 
Why do some species use tools, have better memory, or 
engage in complex coalitions whereas others do not? 
Animals show variation in their behavior in part because 
of variation in the underlying cognitive mechanisms that 
produce these behaviors. As cognitive traits are shaped 
by natural selection, there is an increasing focus on 

understanding real-world social and ecological problems 
shaping the structure of animal minds. Here, we argue 
that comparisons of animal populations living in captive 
contexts that are well matched but ecologically relevant, 
in that they share some core features of the natural social 
and ecological environments of each species, can provide 
crucial insights into core questions about the evolution 
of cognition that complement studies of natural popu-
lations in the wild. 

Studies of cognition in the wild have recently emerged 
an important shift from approaches in comparative cog-
nition that traditionally focused on animals in captivity. 
Field experiments are essential to understand how ani-
mals respond to and use information from their natural 
environment, to test the consequences of cognitive 
abilities on animals’ survival and reproductive success, 
and to expand the study of cognition to more diverse 
species that are underrepresented or absent in captive 
settings [1,2]. This work has also spurred important 
discussions about how we should interpret and gen-
eralize experimental findings from captive populations.  
[3]. However, it is also increasingly clear that hybrid 
approaches that bridge both captive and field studies are 
crucial [3–5]. Our goal here is to detail how captive 
studies can inform our knowledge of cognition in the 
wild by addressing key questions about the mechanisms 
supporting behavior that are difficult or impossible to 
assess in wild contexts. 

Understanding the evolution of cognition requires two 
main components. First, this work necessitates experi-
mental studies to infer underlying cognitive mechanisms. 
As cognitive abilities are mechanisms that underpin 
behavior, they cannot be directly observed: behavior and 
cognition do not have a ‘one-to-one’ mapping, as many 
possible cognitive mechanisms could produce a parti-
cular behavior at a particular point in time. Rather, 
cognitive mechanisms must be inferred by examining 
patterns of behavior across contexts, and carefully ruling 
out alternative explanations with systematic controls [5]. 
Thus, experiments are a primary way to establish caus-
ality and not mere correlation [5], including in-field 
contexts [1,3,6]. Second, a key to understanding the    
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evolution of cognition in the wild is pinpointing the 
distribution of cognitive traits across different species. In 
particular, the comparative method examines the traits 
of different species in relation to the ecological or social 
context of that species, an important technique for 
evolutionary inferences [7]. In the case of cognition, 
studies testing multiple species can then link species 
differences in cognitive abilities to specific socio-
ecological characteristics such as feeding ecology or so-
cial structure [7,8]. 

Given this, studies of animal cognition in captive po-
pulations such as in zoos or sanctuaries can also provide 
insights into the distribution of cognitive abilities across 
species that complement studies in the wild. In parti-
cular, matched experimental comparisons can (1) dis-
entangle differences in cognition that are confounded by 
different environments in wild populations; (2) pinpoint 
specific cognitive mechanisms by presenting animals 
with novel situations they would not typically experi-
ence in the wild, and (3) directly account for motiva-
tional effects on cognition. By ensuring that different 
species are on an ‘equal playing field’ when assessing 
their cognitive abilities, studies of captive populations 
can help understand whether and how species differ in 
their cognition. This is not to say that patterns of cog-
nition in captive environments are necessarily identical 
to those in the wild, as captive environments do not 
need to be identical to be informative. Rather,                            

comparisons of captive animals living in species-appro-
priate — but matched — environments can provide in-
sights that studies in the wild alone cannot. Here, we use 
data from recent work on foraging and social cognition 
across primate species in captive or semi-free-ranging 
settings to highlight how such studies complement field 
studies and provide a holistic understanding of cognitive 
processes (see Figure 1). 

Example 1: disentangling environmental 
effects from biological dispositions 
Theories of cognitive evolution point to how social or 
ecological context may drive the evolution of more so-
phisticated cognitive abilities [9–11]. Species living in 
more complex social groups in their wild environments 
are hypothesized to have richer social cognitive abilities, 
whereas species facing more complex ecologies might 
have more complex spatial abilities [8–11]. While these 
proposals often focus on the evolution of cognition as a 
species-typical trait, an alternative hypothesis is that 
individuals who experience different habitats in the wild 
simply develop different skills. That is, wild animals 
likely acquire different cognitive skills in direct response 
to their individual experiences in different habitats, so 
apparent species differences may just reflect that these 
individuals live in different places rather than that they 
have different cognitive skills per se. Studies of cogni-
tion in well-equated captive contexts can explicitly test 
this experience-based alternative, and assess whether 

Figure 1  
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species differences reflect more stable biological char-
acters that arise more independently of local contexts. 

A relevant example comes from comparative studies of 
primate spatial memory. Observational and experimental 
studies of spatial memory in wild primates have pro-
vided crucial information on how primates recall and 
navigate resources [12–16]. Yet different wild primate 
populations obviously eat different foods and experience 
different habitats, so any differences between popula-
tions may just reflect their individual experiences. 
Captive studies can address this possibility. For instance, 
in a study of four lemur species living at the Duke 
Lemur Center, the most frugivorous ruffed lemurs out-
performed the others on several indices of spatial 
memory, especially compared to the folivorous sifakas  
[17]. While these species live in different habitats and 
are adapted to eat distinct foods in the wild, individuals 
in this study experienced similar physical environments 
and were all provisioned. Along the same lines, wild 
chimpanzees and bonobos show important differences in 
habitat and diet [18], so wild apes might show differ-
ences in spatial memory due to these local experiences. 
Yet semi-free-ranging, provisioned chimpanzees living 
in an African sanctuary exhibited more accurate memory 
than bonobos in a similar context [19,20••], indicating 
that memory differences arise even when individuals 
from these species develop in comparable environments. 
The degree of wild frugivory also predicts how captive- 
born populations of macaques and capuchins living in 
the same research center navigate in a naturalistic fora-
ging task [21•], showing that systematic differences in 
memory can be detected in species who semi-free-range 
in equivalent environments. 

Similar patterns emerge for species differences in deci-
sion-making, including choices between options that 
differ in reward variance (risky choices) and timing (in-
tertemporal choices). In the wild, the same differences 
in ecology and habitat that may shape spatial memory 
also can impact other foraging patterns. For example, 
wild chimpanzees engage in more temporally costly ex-
tractive foraging, face longer search times, experience 
more seasonal variation, and engage in more frequent 
risky hunting behaviors than do bonobos [18]. These 
different experiences could plausibly shape individual 
decision preferences. Yet matched comparisons between 
chimpanzees and bonobos living in comparable zoo and 
sanctuary environments — where they do not hunt and 
have similar access to tools — reveal that chimpanzees 
are more patient and more risk-seeking than bonobos  
[22–26]. Other work reveals that species that feed on 
variable, risky, or costly food resources in the wild show 
this same pattern in captive studies: capuchin monkeys 
are also more patient and risk-seeking, similar to chim-
panzees but distinct from more closely-related monkeys  
[27,28]. This shows how matched comparisons can also 

shed new light on convergent evolution [29]. Together, 
this indicates that primate species experiencing similar 
environments can nonetheless exhibit significant varia-
tion in cognition that mirror their species-typical wild 
ecology. 

Example 2: distinguishing specific cognitive 
mechanisms 
A foundational idea within comparative cognition is that 
species have evolved different social cognitive abilities 
to respond to the social challenges that they experience 
in the wild [9,10]. Field experiments have provided key 
insights into the evolution of social cognition, including 
communication, social learning, and aspects of theory of 
mind [30–33]. Yet, by only observing individuals’ be-
havior in the wild, it can be challenging to differentiate 
between different possible cognitive processes versus 
‘lower-level’ processes. This is particularly the case in 
the social domain, as there are many examples of lower- 
level processes (such as simple learned behavioral rules) 
producing superficially similar social behaviors [34,35]. 
Captive studies are therefore a critical complement to 
wild studies, enabling researchers to make inferences 
about the cognitive underpinnings of social differences 
across species. 

First, captive studies complement field experiments by 
examining how animals respond to novel situations  
[36–41•]. While an important strength of field studies is 
their grounding in ecologically relevant interactions, this 
can also limit inferences that require novel control con-
ditions to rule out lower-level explanations. For ex-
ample, studies in captivity have shown that both 
capuchins and chimpanzees follow others’ gaze (chim-
panzees; [36]; capuchins; [42]), so observations of their 
behavior in the wild may suggest similar social cognitive 
abilities. Yet matched comparisons in captivity reveal 
that while chimpanzees have a rich understanding of 
other’s visual perspective, capuchins seem to use simpler 
behavioral rules to accomplish the same ends [37,38]. 
Similarly, work from captive and semi-free-ranging 
contexts shows that rhesus macaques [39] and chim-
panzees [40], but not ring-tailed lemurs [43], are sensi-
tive to what other individuals can hear. In these 
experiments, the key measure is whether animals pre-
ferentially steal food from a novel silent container versus 
a noisy one — situations that do not naturally occur in 
the wild but can provide important context for inter-
preting wild behaviors. For example, wild observations 
have suggested that females of some species will sup-
press copulation calls when they are ‘secretly’ mating 
with a subdominant male, such that a nearby dominant 
remains unaware [9]. Females might be sensitive to what 
the dominant male can hear, or they might simply learn 
through prior trial-and-error that producing copulation 
calls in this situation results in aggression. Captive 
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comparisons on auditory perspective-taking can differ-
entiate between these possibilities. 

Studies of social cognition in matched captive contexts 
can also match the identity and behavior of social part-
ners across different species by using human actors  
[36,41•,44]. Wild studies necessarily involve conspecific 
social partners, and understanding how animals respond 
to conspecifics is clearly crucial for inferring how animals 
behave in real-world situations. However, the use of 
human partners can allow for new inferences by exactly 
equating the partner’s behavior to see how different 
species respond. While responses to human actors do not 
necessarily generalize to conspecifics, in some species 
such as chimpanzees and macaques there is evidence 
that primates respond to humans and conspecifics part-
ners similarly [37,45–47]. More importantly, effective 
use of human demonstrators can eliminate important 
confounds due to the presence of an existing relation-
ship between individuals or differences in the partner 
behaviors across species. For example, studies of con-
specific gaze following in macaques show that inter-
personal factors such as rank and friendship [48] can 
influence gaze following rates. The use of a human de-
monstrator can eliminate these confounds. In compar-
isons involving identical social stimuli in populations 
living in similar semi-free-ranging contexts, tolerant 
species may show different patterns than despotic spe-
cies in gaze following [44] and comparisons of co-
operative communication [49], but show similar 
knowledge attribution abilities [41•]. Along similar lines, 
sanctuary-living bonobos are more able to share food 
than are chimpanzees in a similar context when faced 
with a situation where they could compete with con-
specifics [50,51], yet both species respond similarly 
when facing a human competitor with a matched beha-
vioral repertoire [25]. Together these show that wild 
behavioral patterns may result from the interplay of both 
cognitive dispositions and responses to particular part-
ner’s social behaviors. 

Example 3: assessing motivational effects on 
cognition 
Finally, studies in captivity can examine the impact of 
internal factors like motivation on cognition. It is clear 
that motivational state can impact individual’s engage-
ment with novel problems, and consequently apparent 
variation in cognitive skills can sometimes reflect moti-
vational differences. For example, sanctuary-living 
chimpanzees and orangutans that were bolder and ap-
proached novel situations more quickly also performed 
better in cognitive assessments of physical knowledge, 
suggesting that responses to novelty can impact cogni-
tive performance [52]. While this is a well-recognized 
problem [3,53], it is extremely challenging to address in 

wild contexts. For example, individuals in the wild could 
be less motivated to participate in cognitive studies for a 
variety of reasons, such as the presence of other con-
specifics or the availability of competing activities at the 
moment of testing. Captive studies can therefore com-
plement wild studies to address this challenge. 

In particular, comparative studies in captivity can di-
rectly account for species’ motivational differences by 
measuring how individuals respond to novel situations 
and how these responses vary across species. For ex-
ample, when sanctuary-living great apes were presented 
with different novel foods, objects, and people, chim-
panzees were bolder to approach than bonobos [54] — a 
difference that could be accounted for in subsequent 
cognitive comparisons [55]. In fact, in a field experiment 
measuring apes’ response to novel camera traps, bonobos 
exhibited more neophobic behaviors than chimpanzees  
[56•], suggesting this temperamental difference may 
also influence their wild responses. Captive studies can 
further test exactly how ontogenetic experiences shape 
neophobia. For instance, orangutans that have contact 
with humans early in life show greater curiosity than 
wild-born individuals [57•]. Likewise, captive vervet 
monkeys approached novel stimuli more than wild 
conspecifics [58]. One possible explanation for these 
patterns is that in captive environments animals have 
more free time and energy to explore novel situations 
without risk [57•,59], so captive studies can reveal 
hidden aspects of species’ psychological phenotypes that 
shape wild behavior. 

Studies of tool use provide an illustrative example. On 
the one hand, studies of tool use in captivity have pro-
vided many results consistent with wild studies, such as 
showing that chimpanzees, orangutans, and capuchin 
monkeys are consummate tool users [59,60]. On the 
other hand, patterns of tool use can also differ between 
captive and wild populations. For example, bonobos — 
who do not engage in extractive foraging tool use in the 
wild — can be quite skillful tool users in captivity [59]. 
Other primate species that are considered essentially 
non-tool-users in the wild, such as baboons, tamarins, 
and vervet monkeys, also demonstrate understanding of 
tool properties in captive conditions [59,61], highlighting 
how experience and opportunity can spur the emergence 
of hidden cognitive abilities. That is, captive individuals 
can often outperform wild ones in tests of tool knowl-
edge and skillfulness [59]. This may be because captive 
animals have more time to devote to tool use, or it may 
be because of differences in motivation, interest, and 
exposure to tools [59,62••]. This suggests that factors 
like motivation and experience, rather than cognition or 
knowledge alone, may shape differences in the tool use 
of wild animals, and provide new data on inferring the 
mechanisms underpinning these wild patterns. 
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Conclusion 
Research in species-appropriate but matched captive 
settings can provide a complementary and powerful tool 
for understanding animals’ cognition in the wild. First, 
matched comparisons of species living in captive con-
texts have revealed that species’ differences in some 
cognitive abilities, like spatial memory and decision- 
making, persist even under similar environmental con-
ditions — suggesting these reflect more stable biological 
dispositions. Second, comparative work presenting ani-
mals with situations never experienced in the wild, in-
cluding matched human social partners, have revealed 
that some species exhibit a more sophisticated under-
standing of other individuals’ mental states than others, 
despite showing similar behavioral patterns. Finally, 
captive environments where individuals have more free 
time and energy to explore can boost individuals’ mo-
tivation to engage with novel situations and, therefore, 
reveal latent cognitive skills and behaviors that are not 
necessarily apparent in their wild behavior. Thus, in-
tegration of research in captive and wild settings is cru-
cial to understand species’ cognitive flexibility across 
contexts and how cognition has evolved more generally. 

Conflict of interest statement 
Nothing declared. 

Acknowledgements 
This work was supported by a L.S.B. Leakey Foundation Research Grant 
to RB, and an Alfred P. Sloan Research Fellowship and National Science 
Foundation grants [1926653 and 1944881] to AGR. 

References and recommended reading 
Papers of particular interest, published within the period of review, have 
been highlighted as:  

•• of special interest  
•• of outstanding interest.  

1. Pritchard DJ, Hurly TA, Tello‐Ramos MC, Healy SD: Why study 
cognition in the wild (and how to test it)? J Exp Anal Behav 2016, 
105:41-55. 

2. Morand‐Ferron J, Cole EF, Quinn JL: Studying the evolutionary 
ecology of cognition in the wild: a review of practical and 
conceptual challenges. Biol Rev 2016, 91:367-389. 

3. Janmaat KR: What animals do not do or fail to find: a novel 
observational approach for studying cognition in the wild. Evol 
Anthropol 2019, 28:303-320. 

4. Palagi E, Bergman TJ: Bridging captive and wild studies: 
behavioral plasticity and social complexity in theropithecus 
gelada. Animals 2021, 11:3003. 

5. Tomasello M, Call J: Assessing the validity of ape-human 
comparisons: a reply to Boesch (2007). J Comp Psychol 2008, 
4:449-452. 

6. Zuberbühler K: Experimental field studies with non-human 
primates. Curr Opin Neurobiol 2014, 28:150-156. 

7. MacLean EL, Matthews LJ, Hare BA, Nunn CL, Anderson RC, Aureli 
F, Brannon EM, Call J, Drea CM, Emery NJ, Haun DB: How does 
cognition evolve? Phylogenetic comparative psychology. Anim 
Cogn 2012, 15:223-238. 

8. MacLean EL, Hare B, Nunn CL, Addessi E, Amici F, Anderson RC, 
Aureli F, Baker JM, Bania AE, Barnard AM, Boogert NJ: The 
evolution of self-control. PNAS 2014, 111:E2140-E2148. 

9. Whiten A, Byrne RW: Tactical deception in primates. Behav Brain 
Sci 1988, 11:233-244. 

10. Dunbar RI, Shultz S: Evolution in the social brain. Science 2007, 
317:1344-1347. 

11. Rosati AG: Foraging cognition: reviving the ecological 
intelligence hypothesis. Trends Cogn Sci 2017, 21:691-702. 

12. Janson CH: Experimental evidence for route integration and 
strategic planning in wild capuchin monkeys. Anim Cogn 2007, 
10:341-356. 

13. Noser R, Byrne RW: Travel routes and planning of visits to out- 
of-sight resources in wild chacma baboons, Papio ursinus. 
Anim Behav 2007, 73:257-266. 

14. Janmaat KR, Ban SD, Boesch C: Chimpanzees use long-term 
spatial memory to monitor large fruit trees and remember 
feeding experiences across seasons. Anim Behav 2013, 
86:1183-1205. 

15. de Guinea M, Estrada A, Janmaat KR, Nekaris KAI, Van Belle S: 
Disentangling the importance of social and ecological 
information in goal-directed movements in a wild primate. Anim 
Behav 2021, 173:41-51. 

16. Janson CH: Capuchins, space, time and memory: an 
experimental test of what-where-when memory in wild 
monkeys. Proc R Soc B 2016, 283:20161432. 

17. Rosati AG, Rodriguez K, Hare B: The ecology of spatial memory 
in four lemur species. Anim Cogn 2014, 17:947-961. 

18. Gruber T, Clay Z: A comparison between bonobos and 
chimpanzees: a review and update. Evol Anthropol 2016, 
25:239-252. 

19. Rosati AG, Hare B: Chimpanzees and bonobos exhibit divergent 
spatial memory development. Dev Sci 2012, 15:840-853. 

20.
••

Rosati AG: Heterochrony in chimpanzee and bonobo spatial 
memory development. Am J Phys Anthropol 2019, 169:302-321. 

This study compared spatial memory development in chimpanzees and 
bonobos living in African sanctuaries. Although both species experi-
enced similar semi-free-ranging, provisioned conditions at both sites, 
chimpanzees exhibited more robust spatial memory over development 
resulting in species differences at maturity. This demonstrates how 
comparisons of species in matched environments can disentangle 
stable biological differences that emerge independently of local en-
vironmental conditions. 

21.
•

Trapanese C, Robira B, Tonachella G, di Gristina S, Meunier H, 
Masi S: Where and what? Frugivory is associated with more 
efficient foraging in three semi-free ranging primate species. R 
Soc Open Sci 2019, 6:181722. 

This study compared spatial strategies in a foraging task of Tonkean 
macaques, long-tailed macaques, and capuchins living in the same semi 
free-ranging conditions. When searching for food, the more frugivorous 
Tonkean macaques exhibited more goal-directed movements and de-
pended more on spatial memory in their foraging responses than the 
other species. 

22. Rosati AG, Stevens JR, Hare B, Hauser MD: The evolutionary 
origins of human patience: temporal preferences in 
chimpanzees, bonobos, and human adults. Curr Biol 2007, 
17:1663-1668. 

23. Heilbronner SR, Rosati AG, Stevens JR, Hare B, Hauser MD: A fruit 
in the hand or two in the bush? Divergent risk preferences in 
chimpanzees and bonobos. Biol Lett 2008, 4:246-249. 

24. Haun DB, Nawroth C, Call J: Great apes’ risk-taking strategies in 
a decision-making task. PLoS One 2011, 6:28801. 

25. Rosati AG, Hare B: Decision making across social contexts: 
competition increases preferences for risk in chimpanzees and 
bonobos. Anim Behav 2012, 84:869-879. 

26. Rosati AG, Hare B: Chimpanzees and bonobos exhibit emotional 
responses to decision outcomes. PLoS One 2013, 8:e63058. 

Insights from captive work for wild cognition De Petrillo, Bettle and Rosati 5 

www.sciencedirect.com Current Opinion in Behavioral Sciences 45( 2022) 101134 

http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref1
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref1
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref1
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref2
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref2
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref2
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref3
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref3
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref3
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref4
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref4
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref4
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref5
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref5
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref5
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref6
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref6
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref7
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref7
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref7
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref7
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref8
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref8
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref8
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref9
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref9
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref10
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref10
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref11
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref11
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref12
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref12
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref12
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref13
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref13
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref13
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref14
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref14
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref14
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref14
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref15
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref15
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref15
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref15
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref16
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref16
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref16
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref17
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref17
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref18
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref18
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref18
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref19
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref19
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref20
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref20
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref21
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref21
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref21
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref21
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref22
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref22
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref22
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref22
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref23
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref23
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref23
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref24
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref24
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref25
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref25
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref25
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref26
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref26


27. Addessi E, Paglieri F, Focaroli V: The ecological rationality of 
delay tolerance: insights from capuchin monkeys. Cognition 
2011, 119:142-147. 

28. De Petrillo F, Ventricelli M, Ponsi G, Addessi E: Do tufted capuchin 
monkeys play the odds? Flexible risk preferences in Sapajus 
spp. Anim Cogn 2015, 18:119-130. 

29. De Petrillo F, Rosati AG: Ecological rationality: convergent 
decision-making in apes and capuchins. Behav Processes 2019, 
164:201-213. 

30. Crockford C, Wittig RM, Mundry R, Zuberbühler K: Wild 
chimpanzees inform ignorant group members of danger. Curr 
Biol 2012, 22:142-146. 

31. Van de Waal E, Borgeaud C, Whiten A: Potent social learning and 
conformity shape a wild primate’s foraging decisions. Science 
2013, 340:483-485. 

32. Cheney DL, Seyfarth RM: Baboon Metaphysics. University of 
Chicago Press; 2008. 

33. Girard-Buttoz C, Surbeck M, Samuni L, Tkaczynski P, Boesch C, 
Fruth B, Wittig RM, Hohmann G, Crockford C: Information 
transfer efficiency differs in wild chimpanzees and bonobos, 
but not social cognition. Proc R Soc B 2020, 287:20200523. 

34. Shettleworth SJ: Clever animals and killjoy explanations in 
comparative psychology. Trends Cogn Sci 2010, 14:477-481. 

35. Rosati AG, Hare B: Social cognition: from behavior-reading to 
mind-reading. Encycl Behav Neurosci 2010,263-270. 

36. Herrmann E, Call J, Hernández-Lloreda MV, Hare B, Tomasello M: 
Humans have evolved specialized skills of social cognition: the 
cultural intelligence hypothesis. Science 2007, 317:1360-1366. 

37. Hare B, Call J, Agnetta B, Tomasello M: Chimpanzees know what 
conspecifics do and do not see. Anim Behav 2000, 59:771-785. 

38. Hare B, Addessi E, Call J, Tomasello M, Visalberghi E: Do 
capuchin monkeys, Cebus apella, know what conspecifics do 
and do not see? Anim Behav 2003, 65:131-142. 

39. Santos LR, Nissen AG, Ferrugia JA: Rhesus monkeys, Macaca 
mulatta, know what others can and cannot hear. Anim Behav 
2006, 71:1175-1181. 

40. Melis AP, Call J, Tomasello M: Chimpanzees (Pan troglodytes) 
conceal visual and auditory information from others. J Comp 
Psychol 2006, 120:154. 

41.
•

Arre AM, Stumph E, Santos LR: Macaque species with varying 
social tolerance show no differences in understanding what 
other agents perceive. Anim Cogn 2021, 16:1-2. 

Rhesus and Barbary macaques’ responses were compared in a stan-
dard test of knowledge understanding. Despite the different social tol-
erance levels of each species (rhesus macaques are highly despotic, 
while Barbary macaques are socially tolerant), both species formed 
expectations about how an agent will act based on the agent’s knowl-
edge state. 

42. Amici F, Aureli F, Visalberghi E, Call J: Spider monkeys (Ateles 
geoffroyi) and capuchin monkeys (Cebus apella) follow gaze 
around barriers: evidence for perspective taking? J Comp 
Psychol 2009, 123:368. 

43. Bray J, Krupenye C, Hare B: Ring-tailed lemurs (Lemur catta) 
exploit information about what others can see but not what 
they can hear. Anim Cogn 2014, 17:735-744. 

44. Rosati AG, Santos LR: Tolerant Barbary macaques maintain 
juvenile levels of social attention in old age, but despotic 
rhesus macaques do not. Anim Behav 2017, 130:199-207. 

45. Tomasello M, Call J, Hare B: Five primate species follow the 
visual gaze of conspecifics. Anim Behav 1998, 55:1063-1069. 

46. Rosati AG, Arre AM, Platt ML, Santos LR: Rhesus monkeys show 
human-like changes in gaze following across the lifespan. Proc 
R Soc B 2016, 283:20160376. 

47. Hare B, Call J, Tomasello M: Chimpanzees deceive a human 
competitor by hiding. Cognition 2006, 101:495-514. 

48. Micheletta J, Waller BM: Friendship affects gaze following in a 
tolerant species of macaque, Macaca nigra. Anim Behav 2012, 
83:459-467. 

49. Joly M, Micheletta J, De Marco A, Langermans JA, Sterck EH, 
Waller BM: Comparing physical and social cognitive skills in 
macaque species with different degrees of social tolerance. 
Proc R Soc B 2017, 284:20162738. 

50. Wobber V, Hare B, Maboto J, Lipson S, Wrangham R, Ellison PT: 
Differential changes in steroid hormones before competition in 
bonobos and chimpanzees. PNAS 2010, 107:12457-12462. 

51. Hare B, Melis AP, Woods V, Hastings S, Wrangham R: Tolerance 
allows bonobos to outperform chimpanzees on a cooperative 
task. Curr Biol 2007, 17:619-623. 

52. Herrmann E, Call J, Hernández-Lloreda MV, Hare B, Tomasello M: 
Humans have evolved specialized skills of social cognition: the 
cultural intelligence hypothesis. Science 2007, 317:1360-1366. 

53. Schubiger MN, Fichtel C, Burkart JM: Validity of cognitive tests 
for non-human animals: pitfalls and prospects. Front Psychol 
2020, 11:1835. 

54. Herrmann E, Hare B, Cissewski J, Tomasello M: A comparison of 
temperament in nonhuman apes and human infants. Dev Sci 
2011, 14:1393-1405. 

55. Herrmann E, Hare B, Call J, Tomasello M: Differences in the 
cognitive skills of bonobos and chimpanzees. PLoS One 2010, 
5:e12438. 

56.
••

Kalan AK, Hohmann G, Arandjelovic M, Boesch C, McCarthy MS, 
Agbor A, Angedakin S, Bailey E, Balongelwa CW, Bessone M, 
Bocksberger G: Novelty response of wild African apes to 
camera traps. Curr Biol 2019, 29:1211-1217. 

This field study compared the response to camera traps of different 
chimpanzees, bonobo and gorilla populations across 14 field sites. 
Although, like gorillas, bonobos payed higher visual attention to the 
camera than chimpanzees, they also exhibit more neophobic behaviour 
than chimpanzees. 

57.
•

Damerius LA, Graber SM, Willems EP, van Schaik CP: Curiosity 
boosts orangutan problem-solving ability. Anim Behav 2017, 
134:57-70. 

This study compared novelty response and exploration in orangutans 
with different rearing history and experience with humans. Individuals 
that had contact with humans early in life showed stronger curiosity than 
individuals that spent this period in the wild. This demonstrates how 
ontogenetic experiences shape neophobia and might in turn affect 
cognitive abilities. 

58. Forss SI, Motes-Rodrigo A, Dongre P, Mohr T, van de Waal E: 
Captivity and habituation to humans raise curiosity in vervet 
monkeys. Anim Cogn 2021,1-2. 

59. Haslam M: ‘Captivity bias’ in animal tool use and its implications 
for the evolution of hominin technology. Philos Trans R Soc Lond 
B Biol Sci 2013, 368:20120421. 

60. Visalberghi E, Fragaszy D: What is challenging about tool use? 
The capuchin’s perspective. In The Oxford Handbook of 
Comparative Cognition. Edited by Zentall TR, Wasserman EA. 
Oxford University Press; 2012:777-799. 

61. Santos LR, Pearson HM, Spaepen GM, Tsao F, Hauser MD: 
Probing the limits of tool competence: experiments with two 
non-tool-using species (Cercopithecus aethiops and Saguinus 
oedipus). Anim Cogn 2006, 9:94-109. 

62.
••

Koops K, Furuichi T, Hashimoto C: Chimpanzees and bonobos 
differ in intrinsic motivation for tool use. Sci Rep 2015, 5:1-7. 

This study examined the role of ecological opportunities and individuals’ 
predispositions — measured in terms of object play — for tool use in 
explaining the different use of tools in wild chimpanzees and bonobos. 
Chimpanzees showed higher rates of object manipulation than bo-
nobos, suggesting that these two species differ in their intrinsic moti-
vation for tool use.  

6 Cognition in the Wild  

www.sciencedirect.com Current Opinion in Behavioral Sciences 45( 2022) 101134 

http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref27
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref27
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref27
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref28
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref28
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref28
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref29
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref29
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref29
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref30
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref30
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref30
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref31
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref31
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref31
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref32
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref32
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref33
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref33
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref33
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref33
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref34
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref34
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref35
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref35
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref36
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref36
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref36
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref37
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref37
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref38
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref38
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref38
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref39
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref39
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref39
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref40
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref40
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref40
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref41
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref41
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref41
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref42
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref42
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref42
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref42
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref43
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref43
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref43
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref44
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref44
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref44
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref45
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref45
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref46
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref46
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref46
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref47
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref47
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref48
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref48
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref48
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref49
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref49
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref49
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref49
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref50
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref50
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref50
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref51
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref51
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref51
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref52
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref52
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref52
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref53
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref53
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref53
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref54
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref54
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref54
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref55
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref55
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref55
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref56
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref56
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref56
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref56
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref57
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref57
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref57
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref58
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref58
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref58
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref59
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref59
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref59
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref60
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref60
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref60
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref60
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref61
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref61
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref61
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref61
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref62
http://refhub.elsevier.com/S2352-1546(22)00040-7/sbref62

	Insights from matched species comparisons for understanding cognition in the wild
	Introduction
	Example 1: disentangling environmental effects from biological dispositions
	Example 2: distinguishing specific cognitive mechanisms
	Example 3: assessing motivational effects on cognition
	Conclusion
	Conflict of interest statement
	Acknowledgements
	References and recommended reading




