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In the past decade, there has been a surge of interest in using games derived
from experimental economics to test decision-making behaviour across
species. In most cases, researchers are using the games as a tool, for instance,
to understand what factors influence decision-making, how decision-making
differs across species or contexts, or to ask broader questions about species’
propensities to cooperate or compete. These games have been quite successful
in this regard. To what degree, however, do these games tap into species’
economic decision-making? For the purpose of understanding the evolution
of economic systems in humans, this is the key question. To study this, we
can break economic decision-making down into smaller components, each
of which is a potential step in the evolution of human economic behaviour.
We can then use data from economic games, which are simplified, highly
structured models of decision-making and therefore ideal for the comparative
approach, to directly compare these components across species and contexts,
as well as in relation to more naturalistic behaviours, to better understand the
evolution of economic behaviour and the social and ecological contexts that
influenced it. The comparative approach has successfully informed us
about the evolution of other complex traits, such as language and morality,
and should help us more deeply understand why and how human economic
systems evolved.
This article is part of the theme issue ‘Existence and prevalence of
economic behaviours among non-human primates’.

1. Introduction
A key question when discussing any quintessential human behaviour is to
understand how the behaviour evolved. This tells us not only the trajectory
the behaviour took, but also potentially something about the ecological and
social environments that provided selective pressure for it, and ultimately, to
help us understand, and address, quirks. For instance, one potential reason
that humans are so poor at taking long-term benefits into account (steep discounting, for instance hyperbolic or exponential discounting) is that in our
past, less certainty and shorter lifespans may have reduced the potential
benefits of planning too far (i.e. years) in advance [1]. Of course, we can’t go
back to study our ancestors in situ, so we have to explore these questions in
other ways. One such approach is the comparative method, in which we
study other species to make predictions about how and why such traits
evolved. This can either be done by exploring our closest phylogenetic relatives,
the other primates, or by looking at species that share key features in common,
such as large brains for their body size or fission–fusion social systems. The
comparative approach has been very fruitful in helping us to understand
traits such as language [2], complex culture [3], morality [4–6] and, more
recently, economic decision-making [7].
© 2021 The Author(s) Published by the Royal Society. All rights reserved.

Economic systems can be defined as ‘a culturally-established
structure through which exchanges or other joint activities
can take place for the general benefit. [… A] modern human
economic system is an institution that is agreed upon among
participants, at some level of awareness and explicit representation, and that offers solutions to various survival or
welfare-increasing problems arising in a shared natural and
social environment’ [7, p.1]. Although other species do not
have economic systems in the same way that humans do, we
can explore whether the roots of our economic systems are present in other species by considering what behaviours other
species show that can be informative about economic behaviour. I refer to these as ‘precursor’ traits, following chemistry,
where a precursor is a molecule that can form into something
different under the right conditions [9].
One such precursor is how individuals achieve mutual
benefit in social contexts. We know that species are very
good at maximizing their benefits in other contexts (i.e. foraging), so this just assumes that this maximization extends to
taking into account the results of others’ actions. Note that animals may functionally achieve this without any need for
conscious recognition that they are doing so; it may be that
initially there was selective pressure to work together for
mutual benefit and only later did recognition of this evolve,

3. Using economic games to study the
precursors to economic decision-making
(a) Economic games
One approach to studying decision-making that has recently
gained traction in comparative work is games derived from
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2. The evolution of economics

potentially after the necessary cognitive abilities were selected
for other reasons. We can also explore how individuals adjust
their strategies around their partner, such as recognizing complimentary roles and changing one’s behaviour based on a
partner’s outcomes. This can involve more complex cognition,
such as theory of mind, to explicitly represent one’s own and
one’s partner’s roles. Although similarities across species are
obviously informative, differences also provide insights into
what cognitive abilities were involved in the rapid growth of
human economic systems.
There are some important caveats when considering precursors to complex behaviours, such as language, morality
or economics. First, just because behaviours look superficially
similar does not mean that they are the same. In particular, one
must be careful to keep function and mechanism separate. An
evolutionary function is the reason why a trait evolved, or its
evolutionary history, whereas the proximate mechanism is
how the trait instantiates in an organism, including factors
such as genetics, development, neural and hormonal pathways, and individual and social learning. Traits can have
similar functions without sharing an underlying mechanism
(think of the wings of birds, bats and bumblebees, which
differ substantially in form but share the same function), or
can have a similar mechanism that results in a different
outcome (penguins use their wings to ‘fly’ through the
water to swim). Failing to account for the first of these can
lead to an over attribution of shared mechanisms, whereas failing to account for the second risks missing shared traits that
are there.
Second, comparisons are inherently tricky, whether across
species, across cultures or across contexts. In human work,
responses to experimental games are influenced by the way
in which the task is presented or the cultural interpretation
(i.e. sharing money in economic games can be perceived as
generous, an effort to put the recipient in one’s debt or
highly frowned upon and punished; see, for example,
[10,11]). Similarly, comparisons across species must be carefully done to avoid either giving a species a task that is not
appropriate, such as using the wrong sensory modality for
a cognitive task or incorrectly assuming that the animal
understands the experimental set-up in the same way that
humans do [12–13]. This problem will be exacerbated for
species that neither share a body plan nor interact with the
world in similar ways, and is particularly challenging when
comparing humans with other species. People are interacting
with conspecific (same species) experimenters, rather than
heterospecifics, often can interact more directly with the
experimenter (rather than across a barrier of some sort) and
can be given verbal instruction. This inherently favours the
humans. Of course, it is also possible to simplify the task
for the non-human species to the degree that it is either
made easier for them or isn’t even testing the same question.
Thus, comparisons require extreme care and preferably
should be tested using multiple modalities [8].
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Although there are a variety of ways economic decisionmaking can be studied, as outlined by the different papers in
this special issue, I focus on using games derived from experimental economics to test decision-making behaviour across
species. Economic games are highly structured decision
tasks in which subjects’ outcomes are dependent upon their
choices and, typically, those of a partner or partners. In most
cases, scientists are using the games as a tool, for instance, to
understand what factors influence decision-making, to determine how decision-making differs across species or contexts,
or to ask broader questions about species’ propensities to
cooperate, compete and so forth. They can, however, also
help us explore potential precursors to human economic systems. To do this, we need to break down economic systems
into a series of different components, each of which may
exist, separately or in concert with others, in other species,
and finally explore to what degree other species share behavioural outcomes. If they are shared, there are two additional
considerations: whether (or not) they are underpinned by
shared mechanisms and to what degree human-specific
characteristics, such as language, shape human decisionmaking in unique ways, or mask our ability to see shared
underlying behaviours. Economic games are a particularly
good tool for this, as they are both simple and highly structured, allowing them to (relatively) easily be compared
across species and contexts. Of course, these games are a
model system that lacks ecological validity, so once these
games have been used to develop hypotheses about the similarities and differences across species, we must then test these
hypotheses using more species-specific approaches that may
help us better understand the impact of ecology and social
system and the unique selective pressures of each species [8].
In this way, we may better understand the evolutionary trajectory of economics, as well as the social and ecological contexts
that influenced it.

(b) Finding mutual benefit
The most straightforward task is mutually beneficial coordination when outcomes are the same, such as the Assurance,
or Stag Hunt, game (figure 1a). In this game, subjects choose
between two outcomes, Stag and Hare. Coordination on
either results in mutual benefit, with the highest benefit for
all if both coordinate on Stag. However, Hare is risk dominant,
in that this choice is rewarded no matter what the partner
chooses. No matter the choice, however, subjects’ goals are
aligned, and this does not differ depending on whether the
participants play only once (one-shot) or repeatedly; since
both individuals gain equally, mutual coordination is the
best option for both (i.e. the NE). Likely because of this,
these games have been given little attention in humans; if we
use the typical human procedure, where the participants are
given an explanation of the game and a payoff matrix to
explain what their potential outcomes are, not to mention a
possible pre-test to ensure that they understand it, coordination on the higher-paying equilibrium point is by far the
most common response. However, some have argued that
despite this ( potentially misleading) laboratory consistency,
this game is quite important. Not only are many very interesting human decisions often best described by coordination, but
in the real world, with imperfect information, coordination
faces many barriers [27]. Indeed, while both coordination
points are Nash equilibria, the lower-payoff NE is, in fact, relatively more attractive when one doubts one’s opponent’s
ability to find or interest in choosing the higher-paying equilibrium point. This makes this a much less straightforward, and
much more interesting and relevant, game in real life. These
characteristics hold for other species as well. In addition,
there is a practical reason to use it: if individuals understand
the laboratory task, they should always coordinate, making
it a good test of whether other species understand the procedure before moving to more complex games, where they
may not choose to play the NE even though they understand
the procedure and their options.
Most of the primates tested thus far have found the NE in
the Assurance game. Tellingly, the species that struggled the
most to find this outcome is squirrel monkeys, which coordinate very rarely in the wild [28]. Even among the species that
do coordinate, however, they appear to reach the coordinated
outcome in different ways. Capuchin monkeys match the
choice of their partner, and are unable to maintain the coordinated outcome when they can’t see what their partner

3

Phil. Trans. R. Soc. B 376: 20190670

subjects must select their choice from among icons on a screen.
Computerized games allow for more control (Do the subjects
see each other’s choices? Does one subject get to choose
first?) while minimizing the potential for unintentional cuing
(there is no human in the room, and computers’ timing is
more standardized than human experimenters’). However,
computer tasks may also not provide the intuitive understanding present in manual tasks, in which subjects may return
tokens to a human experimenter at the same time as a partner,
or move from one area of the enclosure to the other at the same
time as a partner; such behavioural synchrony may provide
additional cues to the animal that their outcomes are tied
to that partner’s choices as well as their own [22]. Thus, whenever possible, it is best to use multiple approaches to maximize
the chances that we will correctly identify the animals’ abilities
and preferences.

royalsocietypublishing.org/journal/rstb

experimental economics. Economic games emerged from von
Neumann’s work ([14]; originally published in 1944) and were
developed relatively simultaneously in the fields of experimental economics [15] and evolutionary biology [16]. They
have been used to great effect to explore how individuals
make decisions and how these decisions are influenced by
the social and environmental context [17]. The games are
very structured tasks in which subjects are given two (or
more) options and the outcomes are dependent upon what
both they and their partner(s) choose. This simplicity allows
us to study complex decisions using very simple, often dichotomous choices, which makes them particularly amenable to
comparative work. There are recent review papers that cover
their use in other species in depth [18–21], so I will only summarize these games and the findings here as they are relevant
to understanding the evolution of economic systems.
One of the challenges of studying these games in other
species is that the lack of language means that we cannot
use the typical human procedure of explaining the payoffs
nor give pre-tests to ensure that subjects understand.1 There
are two different approaches that have been used with nonhuman species, each of which answers a different question.
In the first, subjects learn the payoffs as they go, and the question of interest is how their strategy develops and what
strategy (if any) they finally settle on [21]. In the second, subjects are given experience with the different payoff outcomes
first, and what is of interest is which they choose to use. Each
approach has different benefits and limitations; in the first, if
subjects fail to develop a consistent pattern of play, it is difficult to know if they did not understand the task, or if they
understood but were unable to find a stable pattern of play.
However, it allows us to see how decisions develop with
experience and minimizes the risk of inadvertent pre-training. In the second, it is very difficult to avoid the training
biasing the subjects’ eventual choices (i.e. if they are aware
that there is an option that sometimes results in a preferred
outcome, they may be more predisposed to play it irrespective of their cooperation preferences), but there is more
confidence that they understand their different options,
which can give more certainty when exploring how their
choices are impacted by changing contexts.
In either case, one indication that they understand the
task is if they find the Nash equilibrium (NE), which is the
option that maximizes a subjects’ benefit given the choice
the partner is making.2 This will, of course, sound familiar
to anyone studying animal behaviour as it is reminiscent of
the cost–benefit approach used in ethology. Indeed, there is
no a priori reason why animals should not be able to maximize in these situations, nor does the mere fact of doing so
suggest that they recognize that they are interacting with a
partner. For instance, in coordination games the subjects’
best options are aligned, so finding the NE does not require
understanding their partner’s role. However, we can look at
features such as order of play, or whether they play differently with different partners, to begin to address this issue.
Importantly, when I discuss results I am always discussing
functional outcomes and making no assumptions about the
underlying cognitive mechanisms, including the degree to
which the subjects understand the task in the same way
that we do.
One often used approach is to study the same game using
different modalities to see if the results converge. For instance,
these games can be run on a computerized interface, in which
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chose, suggesting matching [23,24]. However, when they can
see one another’s choices, all pairs tested ended up coordinating on the highest-paying outcome, suggesting that this
matching was accomplished with a bias towards the option
that (sometimes) paid the best. Rhesus monkeys (also called
rhesus macaques) coordinated on the best-paying outcome
whether or not they saw their partner’s choice [24]. However,
subsequent work suggests that they simply developed a preference for this (sometimes) better-paying option and stuck
with it. To explore this, we had rhesus monkey subjects
play a simulation that varied in the frequency of playing
the highest-paying option. They showed little flexibility,
choosing Stag—which paid best on average across most of
the simulations—no matter what the simulation ‘played’,
suggesting that they were insensitive to their partners’
choices [29].
Chimpanzees showed the most evidence of understanding
their choice as part of a strategy, with some chimpanzees
quickly adjusting to novel options with the same payoff structure (i.e. tokens of different colours). However, this was
experience-dependent; subjects that had daily experience
with cognitive testing for their entire lives were likely to coordinate on the highest-paying option, whereas those with very
little experience with cognitive testing settled for the still good,
but not maximizing, option of matching their partner, or even
no strategy ([23,30]; note that subjects received at least one
reward on most trials, and such a high level of reward by
chance can result in low levels of learning; [31]). Indeed, mirroring the partner’s choice may in the long run be a good
strategy, as it is safer if individuals do not know what their
partner will choose.
One key issue is the degree to which the subjects understood
that this was a coordination task, rather than simply a reward
maximization task (which would not even require that they
understand that the actions of the individual next to them
matter). It is difficult to make this assessment with the monkeys’
data. However, the chimpanzees’ ability to extrapolate rapidly
to novel tokens suggests that they understood their choice as
part of a strategy. Additional evidence comes from a different
study using the same payoff structure but an intuitive foraging-based task design in which, rather than returning tokens
that represented different choices, chimpanzees had to move
together between two different food sources. The researchers
found that subjects used a leader–follower dynamic, in which

one chimpanzee followed what the other did, suggesting that
they understood that they were working together [32]. Such
kinesthetic feedback may support their ability to understand
a coordination task [22]. We do note one potentially informative
anecdote: among the chimpanzees tested at Georgia State,
when we first introduced a barrier that blocked visual access
to the partner’s choice, on the initial trial our best pair of subjects
seemed agitated and made repeated attempts to see their partner’s choice (SF Brosnan and MJ Beran 2011, personal
observation). Once both subjects returned the maximizing
token, they immediately returned to their rapid choice of that
token on subsequent trials.
As a whole, these data suggest that chimpanzees, at least,
have some understanding that they are playing a partner and
are actively adjusting their decisions around the partner’s
choices. Indeed, I would speculate that we will find this is the
case for all highly social species with some minimal level of
social awareness who engage in contexts in which their outcomes are tied to their social partners’ actions. These results
also, however, highlight the challenges of trying to determine
what the subjects understand about their actions. The most suggestive data, despite appearing in the context of controlled
experimental studies, are anecdotal, and motivations remain
elusive. In the aforementioned Brosnan and Beran observation,
the chimpanzees hesitated only once. Is this because after they
ascertained that their partners would coordinate on Stag, they
assumed consistency in their partners’ future choices? We don’t
know. It is relatively straightforward to determine what individuals of other species do, even if it can be challenging to
design experiments to ask every question we may have, but it
is much more difficult to figure out why they do it.

(c) Adjust your strategies around your partner
(i) What if it’s not a mutually beneficial game?
In the above game, a subject can maximize their benefit with
no understanding that another is involved. However, what
happens when one must pay attention to others’ actions to
maximize one’s own benefit? In anti-coordination games,
such as the Hawk Dove game (figure 1b; also the Chicken or
Snowdrift games), chimpanzees [30] and squirrel monkeys
[28] rarely settle on a consistent pattern of play. Capuchin
and rhesus monkeys are able to find the NE, but only when
they can see their partners’ choices [25,33]. One important

Phil. Trans. R. Soc. B 376: 20190670

Figure 1. The payoff matrices for the various games discussed in this chapter (Player 1 is indicated in bold/italics and Player 2 in normal font). For the matching
pennies game, Player 1 is the matcher and Player 2 is the mis-matcher. Note that payoffs vary across studies; these are those used by Brosnan et al. [23–25] and
Martin et al. [26].

royalsocietypublishing.org/journal/rstb
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Subjects may also adjust to their partner’s strategies. Again
there is particularly strong evidence for this in chimpanzees.
For instance, in the abovementioned coordination game by
Bullinger et al. [32], chimpanzees adjusted their choices to
the actions of their partner, suggesting that they understood
the need to coordinate. In addition, chimpanzees adjusted
their behaviour flexibly in the matching pennies game [26].
It is important to note, however, that while data such as

(e) How do humans differ from other primates in
these games?
Comparing humans and other primates is challenging;
although humans show much more sophisticated strategic
ability than other species, these are typically not fair comparisons [8]. When humans are given one of these games using the
same method as the other primates, with no verbal instruction,
payoff matrices, previous experience or pre-tests, they may
actually do worse. For instance, in one Assurance game
(coordination) study, nearly 40% (10/26) of the human pairs
settled on the lower-paying coordinated outcome rather than
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(d) Adjust to your partner’s strategies

these are certainly suggestive of active adjustment, brains
are not required [38,39]; plants can adapt their support of
rhizomes to match those rhizomes’ nitrogen fixation [40].
Similar evidence emerges from cooperative tasks in which
subjects perform complementary actions to complete the task.
Either behavioural synchrony or social facilitation may be able
to explain at least some instances of coordination (i.e. one individual is primed to pull on a rope when they see a partner
doing the same thing), but when the actions are highly dissimilar it is more suggestive of at least some understanding of the
partner’s necessity. In one study, capuchin monkeys learned a
two-step task that required both pulling and pushing, and
then learned that if they had access to only half of the testing
area, they could not complete both actions. When the monkeys
were then placed in half of the testing area with another capuchin from their group in the other half, they spontaneously
worked with their partner, each completing one action,
suggesting that they understood that both actions were
required and that their partner could play the other role [41].
This raises the question of whether they are aware that they
are playing with another individual. While many of these
results suggest that they are, we lack conclusive evidence that
this is the case. Outside of economic games, however, there is
evidence that rhesus macaques use strategic thinking. In a
zero sum competitive ‘soccer’ game in which one player
‘kicked’ a ‘ball’ on a computer screen and the other player
(the goalie) attempted to intercept it, rhesus monkeys and
humans used similarly complex strategies in both roles,
suggesting that the monkeys were aware that they were playing
against another agent [42]. This task, too, required individuals
to make decisions for which payoffs varied depending on the
partner’s choices, suggesting that such awareness could also
be present in economic game decision-making.
Adjusting to one’s partner’s strategies also suggests some
attention to one’s partners’ outcomes, which also could help
in making better decisions in social tasks. Indeed, many primates, and in particular those that cooperate routinely, react
when they receive less than another [43], which may help
them determine whether to continue in a cooperative relationship. Moreover, chimpanzees apparently noted when they
were advantaged compared with a partner, refusing a preferred
reward more frequently if others were getting a less preferred
one than when both got the preferred one (although they
refused far more often when they were the disadvantaged
chimpanzee! [39]). This attention to their partner’s outcomes
may help them maximize their own benefits. Indeed, in a
different study, chimpanzees seemed to recognize when their
partner accrued a cost to assist them and were more likely to
choose an outcome that benefits both, despite the cost, in
such a case [44].

royalsocietypublishing.org/journal/rstb

caveat is that we suspect that the capuchins’ and rhesus’
superior performance was owing to these particular populations being far more experienced with cognitive tasks than
either the chimpanzee or squirrel monkey populations, a situation that improves performance in cognition studies [23,34].
Nonetheless, even the capuchin and rhesus monkeys had
more difficulty than on the coordination game, suggesting
that anti-coordination is more difficult than coordination.
Similarly, work with chimpanzees using the matching pennies
game (figure 1c), in which one subject ‘wins’ if they match
their partner and the other wins if they do not match, finds
that they make decisions faster when they are the matcher,
suggesting that it is the easier role for apes [26]. Intriguingly,
for theories of the role of dominance in the Hawk Dove
game, in the capuchins’ case dominance did not determine
who played Hawk [25], perhaps suggesting that in these
game contexts in which otherwise irrelevant cues (i.e. coloured
tokens) are assigned specific meanings by the experimenter,
which monkeys settle on which outcomes may be based
more on stochastic factors (such as who played it first) than
factors intrinsic to the monkeys (such as dominance).
Work has also been done with the prisoner’s dilemma
(figure 1d), a game in which there is a temptation to defect
for short-term maximization. This game is particularly interesting because the best choice depends on whether it is a
one-shot interaction, in which case the best outcome is to
defect, or repeated, in which case cooperation dominates. In
our results, capuchins’ responses differ across pairs, with
some tending to the one-shot NE of mutual defection and
others to the mutually cooperative outcome, which maximizes
benefit in the long term within stable, mutually cooperative
relationships, which these highly social monkeys exhibit3
[33]. Moreover, subjects seem to be sensitive to previous outcomes. Capuchins were both more likely to defect after
mutual defection and, in at least some cases, more likely to
cooperate after mutual cooperation. Another study using a
different procedure found that rhesus monkeys typically
defected, but were also more likely to cooperate on trials following a cooperative outcome [36]. Intriguingly, rhesus
cooperated less often when subjects were not sitting side by
side, suggesting that orientation impacts the perception of
working together (side-by-side versus face-to-face orientation
may impact chimpanzees’ responses as well; [37]). Notably,
the prisoner’s dilemma is the only economic game studied to
date in other species that shows such variability, suggesting
that it may be a particularly good option for future studies
looking at the role of social context in decision-making. The
variability across pairs suggests that it captures differences
in relationship quality, while the variability across trials
within in the same pair suggests that it is also sensitive
enough to capture short-term fluctuations in the relationship
or context.

Economic games are a model system that allows for close
comparisons across contexts and species [46]. However,
they are not intended to be natural situations, thus the data
generated are best used to test hypotheses generated from
observational or experimental work and generate new
hypotheses that may be tested with more species-specific
and/or naturalistic approaches [8]. While this can be done
in diverse ways, there are two literatures that obviously
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4. What can we say about the evolution of
economic systems?

connect to the existing data on experimental economics,
that on cooperation and that on trade. Both literatures are
extensive enough for entire reviews on their own, but I briefly
discuss them as they tie into the main points raised above.
The assurance game highlights the fact that not all species
coordinate, and even among those that do, coordination may
be achieved by different underlying mechanisms. This reflects
their behaviour in natural contexts as well. For instance, in
capuchins, group territorial defence (i.e. [47]) and coordinated
defence against predators (i.e. snake mobbing: [48]) are typically done among individuals with a clear view of one
another and in situations in which all individuals are performing similar actions. This is reminiscent of capuchins’ behaviour
in the Assurance game, in which they appeared to coordinate
by matching their partners, and only achieved coordination
when they could see the other’s outcomes. This suggests that
behaviour matching is a key mechanism for coordination in
capuchins, possibly facilitated by behavioural synchrony
and/or social facilitation. Indeed, although capuchins in
experimental contexts can solve coordination tasks that
require different actions (i.e. [41]), this was a rather simple
case in which individuals could see one another and
performed actions that they previously learned individually
as a sequence.
On the other hand, chimpanzees show more complex
coordinated behaviour, such as the coordinated hunting in
which different individuals take on different roles, seen in
some populations [49], which presumably requires an ability
to understand the larger picture. This, too, matches their
behaviour in the economic games, in which at least some
chimpanzees (those with extensive experience with cognitive
tasks) extrapolated to novel options in coordination games,
suggesting that they understood their choice as part of a
larger strategy. In some experimental contexts, too, chimpanzees show evidence of understanding the bigger picture, for
instance choosing to benefit, at a cost to themselves, a chimpanzee that previously paid a cost to make that choice available
[44]. Such specificity in how they make decisions suggests
that they see their choice within a broader framework.
This synchrony between the outcomes of the highly structured economic games and these primates’ natural behaviours
suggests that the games are indeed useful models. They allow
for studying mechanisms that may be impossible to study in
more natural situations and for comparison across populations
or species, and may be particularly helpful if differences in
body form or ecology make it impossible to compare in
more naturalistic contexts. Within the same population or
species, these games can also be used to generate new hypotheses regarding behaviour, and the mechanisms underlying
it, in more naturalistic contexts. Future work using more
naturalistic experimental tasks, like the cooperative barpull
(reviewed in [50]), or field-based experiments (as has been
done in social learning research; [51]) that combine the naturalistic contexts of the observational work with the structured
methodology of the economic games will help determine the
limits and flexibility of the different species’ coordination ability and the cognitive mechanisms that underlie them.
We can similarly learn from how primates trade goods
and services. Primates’ ability to find the NE in economic
games suggests that they should be able to maximize their
outcomes in barter, too. Indeed, in natural contexts, primates
do trade, although typically this involves services (grooming,
support in conflicts, and mating opportunities) rather than
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the higher-paying one. However, none of these pairs ever
experienced the higher-paying outcome, and debriefing
suggested that they thought that they had found the best solution [23]. We suspect that this is, in part, owing to the fact that
humans typically use language to explore the parameter
space; indeed, on a different version of the task, pairs that
discussed the game eventually found the higher-paying coordinated outcome, whereas those that did not discuss it settled
on the lower-paying outcome [24]. Chimpanzees also outperformed humans on the matching pennies game, making
choices that conformed more closely to game theoretic predictions and making their choices in a third less time, on average
[26]. The authors propose that this was, in part, owing to
experienced chimpanzees’ good working memory, and
suggest that they adjusted to changes in their opponents’ patterns of play and incentive structures more rapidly.
Of course, humans use language and are accustomed to
instruction, so is it fair to give them a task that essentially handicaps them? In addition, humans are typically far less
experienced with the tasks used in these studies compared
with the non-human primates, which also disadvantages
them [45]. And indeed, on other similar tasks, humans
do outperform other primates. For example, in the anti-coordination game, both rhesus and capuchin monkeys typically
played the uncoordinated NE, in which one subject got substantially more than the partner did when they could see
what their partner played (and they chose at random when
they could not see their partner’s choices: [25]). However,
more than a third of human subjects across two studies (9/26
and 11/27) found the mutually beneficial alternating NE, in
which subjects alternate between the two asymmetric NE so
that both subjects benefit half of the time. Again, the humans
got no instruction, so how did they do this, and why were so
many successful here when they were so bad at finding the
higher-paying equilibrium in the Assurance game? One possible answer to the second question is that the complexity of this
game—and the lack of a sub-par but nonetheless mutually
beneficial outcome—encouraged humans to explore the parameter space to a greater degree than in the Assurance game,
and to a greater degree than the monkeys did. This suggests
that an answer to the first question is that one area of
humans’ advantage is a greater ability and/or motivation to
discern more complex strategies and figure out how to use
them. Then again, monkeys appear to be quite sophisticated
in other contexts [42], and humans may struggle (i.e. the Assurance game), suggesting that the relatively artificial interaction
space of these games, while beneficial for comparative work,
may inhibit full expression of abilities in both humans and
other species. This reiterates the need to test the same questions
using multiple studies across multiple modalities.
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Endnotes
1

However, this can also be an advantage since we do not inadvertently train them or base our conclusions on what they say rather
than what they do.
2
In most cases with animals, this equilibrium is based on repeated
games, in which subjects play the same individual sequentially,
although the maximizing outcome may differ for a one-shot game,
in which individuals meet only once. Many human experiments
involve one-shot games with anonymous partners, typically in
double-blind conditions, in order to determine what humans do
in the absence of any social pressures. This is obviously impossible
in other species and means that care must be taken when comparing
human results with those of other species unless researchers explicitly use the same procedures.
3
Not only do capuchins have complex social relationships [35], but all
of the capuchins in our studies are group housed in large, mixed sex
social groups. The vast majority of females have been housed with
the same individuals since birth and live with matrilineal kin, as is
true in the wild, so they have the opportunity for the same sorts of
strong social relationships as their wild-living peers. They are
tested with other monkeys from their social groups.
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decision-making, such as the endowment effect [58] and
framing effects [59,60]. Increasing evidence suggests
that other species have the cognitive toolkit for economic
behaviour and simply lack the opportunity to use it.
If this is the case, our next step is twofold. First, we must
explore the range of economic behaviours in other species,
ideally with the goal of delineating possible underlying
cognitive mechanisms, and determine the contexts in which
animals show these behaviours and how they are influenced
by changes in social and ecological context. This will
require creative experimental studies (both in the laboratory
and, hopefully, in the field) to unpack what underlying
abilities are present and when they manifest, as well
as observational research to determine if related behaviours
are seen in more natural contexts [61]. Indeed, further
work in this area will also help to clarify the degree
to which these abilities were selected specifically for this context versus others. Second, to more fully understand the
cognitive precursors to economic behaviour, we also need
to look beyond the primates. Although there has been work
in this direction already, with studies of economic game behaviour in species as diverse as birds [62], rodents [63] and
fish [64,65], even in those cases the focus has been on one
or a few species. A more diverse approach is important
for understanding how economic behaviour evolved;
species vary in their needs, so a broad exploration will
inform our understanding of the contexts, environments
and pressures that selected for different economic behaviours.
Ultimately, this will clarify how these abilities expanded so
greatly in humans to result in the complex economic systems
we enjoy today.

royalsocietypublishing.org/journal/rstb

goods (there are exceptions; for instance, chimpanzees trade
meat for mating opportunities and support; [52]). There are
several possible reasons for this; objects are zero sum commodities, and few items in primates’ natural lives are worth
trading, as most are either easy to acquire or cannot be
stored for future trades [5]. This does suggest, however, that
they should trade objects when it is worth doing so, and
indeed, in experimental tasks, primates trade tokens with
experimenters (or, sometimes, other primates) in order to
obtain different food rewards (see Addessi et al. [53] and
Beran & Parrish [54]). Some macaques have even spontaneously developed exchange systems with humans in
free-ranging contexts [55].
What is notably absent, however, is the transfer of these
barter relationships with humans to trade with one another.
We tested this among three highly trained chimpanzees
at Georgia State’s Language Research Center (the same
chimpanzees that showed evidence of strategy use in the
Assurance game). These chimpanzees had been taught a
symbol language that allowed us to communicate with
more specificity than is typically possible [56]. We made
tokens representing specific foods (labelled by their symbol)
that they could exchange back to an experimenter for food
if—and only if—that food was present in their personal bin.
In a series of tasks, we then explored whether the chimpanzees would learn to trade tokens that were of no value to
them (because the food was not in their bin) to a partner to
whom the tokens were valuable (because the food was in
the partner’s bin) so as to maximize both chimpanzees’
benefits [57].
To cut a long story short, the chimpanzees learned to do
so effectively as long as a human experimenter mediated the
interactions such that neither chimpanzee could exchange a
token with the experimenter for food until they had reciprocated any trades from the partner (we did not restrict which
token they had to trade to a partner, just that they traded
something). Despite having previously maximized their
rewards, within one session of us removing experimentermediated quid pro quo, the chimpanzees ceased trading
any tokens with their partners. Since they demonstrated all
of the necessary cognitive abilities to understand trade, we
hypothesized that the issue holding them back was an
inability to trust their partners and a lack of third party
enforcement mechanisms to make doing so worthwhile [57].
In concert with the results from experimental games,
this suggests that at least some primates have the cognitive
ability to understand these strategies and maximize their outcomes, which may be evident in service markets, but lack the
enforcement mechanisms that lead to beneficial trade of
goods. This is important for two reasons. First, it suggests
that even these very structured, artificial laboratory situations
are indeed useful for understanding the true scope of
primates’ abilities, by removing factors that may inhibit
expression. Second, this suggests that primates have a more
developed set of abilities related to economic behaviour
than is necessarily indicated in their natural behaviour. This
not only guides future research aimed at understanding economic behaviour in natural contexts, but suggests that
humans’ abilities are not as separate from the other primates’
as we might think. Indeed, this isn’t the only context in which
experimental tasks have revealed such similarities; primates
also share psychological adaptations related to economic

References

2.

3.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.
17.

18. Santos LR, Rosati AG. 2015 The evolutionary roots of
human decision making. Annu. Rev. Psychol. 66,
321–347. (doi:10.1146/annurev-psych-010814-015310)
19. Stevens JR, Stephens DW. 2004 The economic basis
of cooperation: tradeoffs between selfishness and
generosity. Behav. Ecol. 15, 255–261. (doi:10.1093/
beheco/arh006)
20. Watzek J, Smith MF, Brosnan SF. 2017 Comparative
economics: using experimental economics
paradigms to understand primate social decisionmaking. In The evolution of primate social cognition
(eds L Di Paolo, F Di Vincenzo, A d’Almeida), pp.
129–141. Berlin, Germany: Springer.
21. Brosnan SF. 2018 Insights into human cooperation
from comparative economics. Nat. Hum. Behav. 2,
432–434. (doi:10.1038/s41562-018-0383-7)
22. Brosnan SF, de Waal FB. 2002 A proximate
perspective on reciprocal altruism. Hum. Nat. 13,
129–152. (doi:10.1007/s12110-002-1017-2)
23. Brosnan SF, Parrish A, Beran MJ, Flemming T,
Heimbauer L, Talbot CF, Lambeth SP, Schapiro SJ,
Wilson BJ. 2011 Responses to the Assurance game
in monkeys, apes, and humans using equivalent
procedures. Proc. Natl Acad. Sci. USA 108,
3442–3447. (doi:10.1073/pnas.1016269108)
24. Brosnan SF, Wilson BJ, Beran MJ. 2012 Old world
monkeys are more similar to humans than New
World monkeys when playing a coordination game.
Proc. R. Soc. B 279, 1522–1530. (doi:10.1098/rspb.
2011.1781)
25. Brosnan SF, Price SA, Leverett K, Prétôt L, Beran M,
Wilson BJ. 2017 Human and monkey responses in a
symmetric game of conflict with asymmetric
equilibria. J. Econ. Behav. Org. 142, 293–306.
(doi:10.1016/j.jebo.2017.07.037)
26. Martin CF, Bhui R, Bossaerts P, Matsuzawa T, Camerer
C. 2014 Chimpanzee choice rates in competitive
games match equilibrium game theory predictions.
Sci. Rep. 4, 5182. (doi:10.1038/srep05182)
27. Skyrms B. 2003 The stag hunt and the evolution of
social structure. Cambridge, UK: Cambridge
University Press.
28. Vale GL, Williams LE, Schapiro SJ, Lambeth SP,
Brosnan SF. 2019 Responses to economic games of
cooperation and conflict in squirrel monkeys (Saimiri
boliviensis). Anim. Behav. Cogn. 6, 32–47. (doi:10.
26451/abc.06.01.03.2019)
29. Parrish A, Brosnan SF, Wilson BJ, Beran MJ. 2014
Differential responding by rhesus monkeys (Macaca
mulatta) and humans (Homo sapiens) to variable
outcomes in the assurance game. Anim. Behav.
Cogn. 1, 215. (doi:10.12966/abc.08.01.2014)
30. Hall K, Smith M, Russell JL, Lambeth SP, Schapiro
SJ, Brosnan SF. 2019 Chimpanzees rarely settle on
consistent patterns of play in the Hawk Dove,
Assurance, and Prisoner’s Dilemma Games, in a
token exchange task. Anim. Behav. Cogn. 6, 48–70.
(doi:10.26451/abc.06.01.04.2019)
31. Schubiger MN, Kissling A, Burkart JM. 2016 How
task format affects cognitive performance: a

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

memory test with two species of New World
monkeys. Anim. Behav. 121, 33–39. (doi:10.1016/j.
anbehav.2016.08.005)
Bullinger AF, Wyman E, Melis AP, Tomasello M.
2011 Coordination of chimpanzees (Pan
troglodytes) in a Stag Hunt Game.
Int. J. Primatol. 32, 1296–1310. (doi:10.1007/
s10764-011-9546-3)
Smith MF, Leverett K, Brosnan SF. 2019 Capuchin
monkeys find the Nash equilibrium in economic
games, but are not influenced by exogenous
oxytocin. Am. J. Primatol. 81, e22973. (doi:10.1002/
ajp.22973)
Leinwand JG, Brosnan SF. 2019 Capuchin (Sapajus
[Cebus] apella) change detection. Int. J. Comp
Psychol. 32. Retrieved from https://escholarship.org/
uc/item/9s94d09q.
Fragaszy DM, Visalberghi E, Fedigan LM. 2004
The complete capuchin: the biology of the
genus Cebus. Cambridge, UK: Cambridge University
Press.
Haroush K, Williams ZM. 2015 Neuronal prediction
of opponent’s behavior during cooperative social
interchange in primates. Cell 160, 1233–1245.
(doi:10.1016/j.cell.2015.01.045)
Brosnan SF, Hopper LM, Richey S, Freeman HD,
Talbot CF, Gosling SD, Lambeth SP, Schapiro SJ.
2015 Personality influences responses to
inequity and contrast in chimpanzees. Anim.
Behav. 101, 75–87. (doi:10.1016/j.anbehav.2014.
12.019)
Brosnan SF, Salwiczek L, Bshary R. 2010a The
interplay of cognition and cooperation. Phil.
Trans. R. Soc. B 365, 2699–2710. (doi:10.1098/rstb.
2010.0154)
Brosnan SF, Talbot C, Ahlgren M, Lambeth SP,
Schapiro SJ. 2010b Mechanisms underlying
responses to inequitable outcomes in chimpanzees,
Pan troglodytes. Anim. Behav. 79, 1229–1237.
(doi:10.1016/j.anbehav.2010.02.019)
Kiers ET, Rousseau RA, West SA, Denison RF. 2003 Host
sanctions and the legume–rhizobium mutualism.
Nature 42, 78–81. (doi:10.1038/nature01931)
Hattori Y, Kuroshima H, Fujita K. 2005 Cooperative
problem solving by tufted capuchin monkeys (Cebus
apella): spontaneous division of labor,
communication, and reciprocal altruism. J. Comp.
Psychol. 119, 335–342. (doi:10.1037/0735-7036.
119.3.335)
Jiang Y, Platt M. 2018 The neural correlates of
strategic competition. San Diego, CA: Society for
Neuroscience. See https://www.abstractsonline.com/
pp8/#!/4649/presentation/39234.
Brosnan SF, de Waal FBM. 2014 Evolution of
responses to (un)fairness. Science 1251776, 346.
(doi:10.1126/science.1251776)
Schmelz M, Grueneisen S, Kabalak A, Jost J,
Tomasello M. 2017 Chimpanzees return favors at a
personal cost. Proc. Natl Acad. Sci. USA 114,
7462–7467. (doi:10.1073/pnas.1700351114)

Phil. Trans. R. Soc. B 376: 20190670

4.

Jones OD. 2001 Time-shifted rationality and the law
of law’s leverage: behavioral economics meets
behavioral biology. Northwestern University Law Rev.
95, 1141–1206.
Dunbar RIM. 2003 The social brain: mind, language,
and society in evolutionary perspective. Annu. Rev.
Anthropol. 32, 163–181. (doi:10.1146/annurev.
anthro.32.061002.093158)
Laland KN, Hoppitt W. 2003 Do animals have
culture? Evol. Anthropol. 12, 150–159. (doi:10.1002/
evan.10111)
Brosnan SF. 2011 An evolutionary perspective on
morality. J. Econ. Behav. Org. 77, 23–30. (doi:10.
1016/j.jebo.2010.04.008)
Brosnan SF. 2011 Property in nonhuman primates.
New Dir. Child Adolesc. Dev. 2011, 9–22. (doi:10.
1002/cd.293)
Flack J, de Waal FBM. 2000 ‘Any animal whatever’:
Darwinian building blocks of morality in monkeys
and apes. J. Conscious. Stud. 7, 1–29.
Addessi E, Beran M, Bourgeois-Gironde S, Brosnan S,
Leca J-B. 2020 Are the roots of human economic
systems shared with non-human primates? Neurosci.
Biobehav. Rev. 109, 1–15. (doi:10.1016/j.neubiorev.
2019.12.026)
Smith MF, Watzek J, Brosnan SF. 2018 The
importance of a truly comparative methodology for
comparative psychology. Int. J. Comp. Psychol. 31.
Retrieved from https://escholarship.org/uc/item/
6x91j98x.
Brosnan SF. 2014 Why an evolutionary perspective
is critical to understanding moral behavior in
humans. In Challenges to moral and religious belief
(eds M. Bergmann, P. Kain), pp. 195–219. Oxford,
UK: Oxford University Press.
Henrich J, Boyd R, Bowles S, Camerer C, Fehr E, Gintis H,
McElreath R. 2001 In search of Homo economicus:
behavioral experiments in 15 small-scale societies. Am.
Econ. Rev. 91, 73–78. (doi:10.1257/aer.91.2.73)
Herrmann B, Thöni C, Gächter S. 2008 Antisocial
punishment across societies. Science 319,
1362–1367. (doi:10.1126/science.1153808)
Brosnan SF. 2018 Understanding social decision-making
from another species’ perspective. Learn. Behav. 46,
101–102. (doi:10.3758/s13420-017-0302-1)
de Waal F. 2016 Are we smart enough to know how
smart animals are? 1st edn. New York, NY:
W. W. Norton & Company.
von Neumann J, Morgenstern O. 1994 Theory of
games and economic behavior. Princeton, NJ:
Princeton University Press.
Smith VL. 1987 Experimental methods in
economics. In The new palgrave: a dictionary of
economics (eds J. Eatwell, M. Milgate, P. Newman),
pp. 241–248. London, UK: Macmillan.
Maynard Smith J. 1982 Evolution and the theory of
games. Cambridge, UK: Cambridge University Press.
Camerer CFF. 2003 Behavioral game theory:
experiments in strategic interactions. Princeton, NJ:
Princeton University Press.

royalsocietypublishing.org/journal/rstb

1.

8

59.

60.

61.

62.

63.

64.

65.

effects in chimpanzees. Curr. Biol. 17, 1704–1707.
(doi:10.1016/j.cub.2007.08.059)
Chen MK, Lakshminarayanan V, Santos LR. 2006
How basic are behavioral biases? Evidence from
capuchin monkey trading behavior. J. Polit. Econ.
114, 517–537. (doi:10.1086/503550)
Krupenye C, Rosati AG, Hare B. 2015 Bonobos and
chimpanzees exhibit human-like framing effects. Biol.
Lett. 11, 20140527. (doi:10.1098/rsbl.2014.0527)
Janson CH, Brosnan SF. 2013 Experiments in
primatology: from the lab to the field and back
again. In Primate ecology and conservation: a
handbook of techniques (eds M. Blair, E. Sterling, N.
Bynum), pp. 177–194. Oxford, UK: Oxford University
Press.
Clements KC, Stephens DW. 1995 Testing models of
non-kin cooperation: mutualism and the prisoner’s
dilemma. Anim. Behav. 50, 527–535. (doi:10.1006/
anbe.1995.0267)
Wood RI, Kim JY, Li GR. 2016 Cooperation in rats
playing the iterated Prisoner’s Dilemma game.
Anim. Behav. 114, 27–35. (doi:10.1016/j.anbehav.
2016.01.010)
Dugatkin LA. 1988 Do guppies play TIT FOR TAT
during predator inspection visits? Behav. Ecol.
Sociobiol. 23, 9–11. (doi:10.1007/BF00303714)
Milinski M. 1987 Tit for tat in sticklebacks and the
evolution of cooperation. Nature 325, 433–435.
(doi:10.1038/325433a0)

9

Phil. Trans. R. Soc. B 376: 20190670

52. Mitani JC, Watts DP. 2001 Why do chimpanzees
hunt and share meat? Anim. Behav. 61, 915–924.
(doi:10.1006/anbe.2000.1681)
53. Addessi E, Tierno V, Focaroli V, Rossi F, Gastaldi S,
De Petrillo F, Paglieri F, Stevens J. 2021 Are
capuchin monkeys (Sapajus spp.) sensitive to lost
opportunities? The role of opportunity costs in
intertemporal choice. Phil. Trans. R. Soc. B 376,
20190674. (doi:10.1098/rstb.2019.0674)
54. Beran MJ, Parrish AE. 2021 Non-human primate
token use shows possibilities but also limitations for
establishing a form of currency. Phil. Trans. R. Soc. B
376, 20190675. (doi:10.1098/rstb.2019.0675)
55. Brotcorne F, Giraud G, Gunst N, Fuentes A, Wandia
IN, Beudels-Jamar RC, Poncin P, Huynen M-C,
Leca J-B. 2017 Intergroup variation in robbing and
bartering by long-tailed macaques at Uluwatu
Temple (Bali, Indonesia). Primates 58, 505–516.
(doi:10.1007/s10329-017-0611-1)
56. Savage-Rumbaugh ES, Rumbaugh DM, Boysen ST.
1978 Symbolic communication between two
chimpanzees (Pan troglodytes). Science 201,
641–644. (doi:10.1126/science.675251)
57. Brosnan SF, Beran MJ. 2009 Trading behavior
between conspecifics in chimpanzees, Pan
troglodytes. J. Comp. Psychol. 123, 181–194.
(doi:10.1037/a0015092)
58. Brosnan SF, Jones OD, Lambeth SP, Mareno MC,
Richardson AS, Schapiro SJ. 2007 Endowment

royalsocietypublishing.org/journal/rstb

45. Cook P, Wilson M. 2010 Do young chimpanzees
have extraordinary working memory? Psychol. Bull.
Rev. 17, 599–600. (doi:10.3758/PBR.17.4.599)
46. Brosnan SF, Beran MJ, Parish AE, Price SA, Wilson
BJ. 2013 Comparative approaches to studying
strategy: towards an evolutionary account of
primate decision making. See http://scholarworks.
gsu.edu/psych_facpub/26/.
47. Scarry CJ. 2013 Between-group contest competition
among tufted capuchin monkeys, Sapajus nigritus, and
the role of male resource defence. Anim. Behav. 85,
931–939. (doi:10.1016/j.anbehav.2013.02.013)
48. Perry S, Manson JH, Dower G, Wikbert E. 2003 Whitefaced capuchins cooperate to rescue a groupmate
from a Boa constrictor. Folia Primatol. 74, 109–111.
(doi:10.1159/000070008)
49. Boesch C. 2002 Cooperative hunting roles among Tai
chimpanzees. Hum. Nat. 13, 27–46. (doi:10.1007/
s12110-002-1013-6)
50. Brosnan SF. 2010 What do capuchin monkeys tell us
about cooperation? In For the greater good of all:
perspectives on individualism, society, and
leadership. Jepson studies in leadership series (eds
DR Forsyth, CL Hoyt), pp. 11–28. New York, NY:
Palgrave Macmillan Publishers.
51. van de Waal E, Borgeaud C, Whiten A. 2013 Potent
social learning and conformity shape a wild
primate’s foraging decisions. Science 340, 483–485.
(doi:10.1126/science.1232769)

