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ARTICLE INFO ABSTRACT
Articl_e history: Moral behavior and concern for others are sometimes argued to set humans apart from other
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possess these characteristics. Work from behavioral biology and neuroscience has indicated
that some of these traits are present in other species, including other primates. Study-
ing these behaviors in other species can inform us about the evolutionary trajectory of
morality, helping us to understand how the behaviors evolved and which environmen-

gé;lamﬁ cation: tal characteristics were critical for their emergence. A brief historical look indicates that,

while this evolutionary approach to human behavior is not always well received, this line
Keywords: of inquiry is not new. For instance Adam Smith, better known for his economics than his
Capuchin monkey natural history, was clearly sympathetic with the view that moral behaviors are present
Chimpanzee in species other than humans. This paper focuses on how individuals respond to inequity,
igzgﬂﬁty whichisrelated to moral behavior. Recent evidence shows that non-human primates distin-

guish between inequitable and equitable outcomes. However, this is primarily in situations
in which inequity hurts the self (e.g. disadvantageous inequity) rather than another (e.g.
advantageous inequity). Studying such responses can help us understand the evolution-
ary basis of moral behavior, which increases our understanding of how our own morality
emerged.

Moral behavior
Evolution of behavior

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Do moral behaviors mark humans as unique? While our system of morality presents as much more highly developed
and extensive than other species’, it is not without precedent. A close look at individual moral behaviors indicates that, in
many cases, antecedent or related behaviors and mechanisms can be found in other species, including conflict resolution,
reciprocity, empathy, sympathy, and community concern (Flack and de Waal, 2000). While this does not mean that a fully
human moral system is present in any other species, studying other species can teach us something about the evolution of
these behaviors.

Studying moral behaviors in other species has several benefits. First, these behaviors give scientists the opportunity to
determine how and under what conditions our own moral behaviors might have evolved. In the comparative approach,
behaviors from different species with known phylogenetic relationships are compared. By linking the observed behavior to
the known relationships, a picture of the evolution of the behavior emerges. If two closely related species share a behavior, this
is likely the result of a common ancestor which had the behavior, termed homology.! On the other hand, if two species which
are distantly related, but inhabit similar environmental niches, and share a behavior, it is likely the result of convergence due

* Correspondence address: Department of Psychology, Georgia State University, PO Box 5010, Atlanta, GA 30302-5010, USA. Tel.: +1 404 413 6301.
E-mail address: sbrosnan@gsu.edu.
1 It is important to note that there are two evolutionary mechanisms which could have led to similar moral behaviors in humans and other species. First
is homology, in which behaviors are shared by two species through common descent. In other words, the behavior existed in an ancestor of the two species
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to shared environmental constraints (of course, convergence may also occur between closely related species; see Brosnan
et al,, 2009b). Care must be taken when making these assessments, but this approach allows for a determination of which
behaviors existed in a common ancestor and which environmental or social factors may have been critical to the emergence
of the behavior(s) (Boehm, 1999). Having this information may help us to understand situations in which humans do or do
not appear to deploy moral behavior. Of course, it is also worth studying these behaviors in other species on their own merit.

Second, studying other species may also allow investigation of questions which are more difficult in humans. Of course,
problems arise in studying both humans and non-humans in laboratories (Boesch, 2007), and field studies have their own
set of issues (Burnham and Kurzban, 2005). Unique to humans, experimental factors such as anonymity and interaction
with strangers are controversial (Fessler, 2009; Trivers, 2006), and social and environmental context can alter people’s
contributions in economic games (Hagan and Hammerstein, 2006). Studying captive animals avoids some of these issues,
as interactions are occurring between individuals with very well known social histories (typically spanning the individuals’
entire lifespans), allowing for more detailed investigations of the effects of relationships and social environment (Brosnan
et al., 2009b).

This paper will address the evolution of one moral behavior, the sense of justice, from a biological perspective, using
empirical data on how non-humans respond to inequitable and unequal outcomes. The goals of this paper are three-fold.
First is to make the point that Adam Smith, despite the age in which he lived and his area of study, appeared to accept the
continuity of species, including humans, an understanding which is sadly not as common as it ought to be today. Second
is to propose that the non-human literature may be able to inform the human literature, specifically with regards to how
context may affect perceptions of inequity. The final goal is to make the case that an evolutionary approach to economics is
useful and worth engaging.

2. Smith, Darwin, and moral emotions

Not surprisingly, Charles Darwin was a strong proponent of the idea that humans and animals shared an evolutionary
history. Although his most famous book, The Origin of Species (Darwin, 1964 [1859]), regarded primarily non-human species,
two of his following books explicitly addressed humans and the role of evolutionary processes in shaping humans, including
their behavior. In The Descent of Man and Selection in Relation to Sex (Darwin, 1981 [1871]), Darwin argues that the basis
of morality is innate, rather than created de novo by humankind and provides a framework for the development of moral
systems in any culture, group, or species:

The following proposition seems to me in a high degree probable — namely that any animal whatever, endowed with
well-marked social instincts, the parental and filial affections being here included, would inevitably acquire a moral
sense or conscience, as soon as its intellectual powers became as well developed, or nearly as well developed, as in
man. For firstly, the social instincts lead an animal to take pleasure in the society of its fellows, to feel a certain amount
of sympathy for them, and to perform various services for them. (pp. 71-2).

He goes on to argue that other animals feel at least some level of sympathy for one another. Although Darwin does
believe that moral behavior requires fairly advanced intellectual ability, the primary feature he highlights as a necessity
is “well-marked social instincts,” among which he included interactions with family. This encompasses a wide variety of
animal species.

In The Expression of the Emotions in Man and Animals (Darwin, 1998 [1872]), Darwin made the case that moral emotions,
like other traits, were the result of evolutionary continuity between humans and other animals. For this, Darwin relied on
comparative data regarding facial expressions across both human cultures and different species, and addresses the reasons
why these universal expressions take the form that they do.

Although he is better known for his ideas in economics than his evolutionary stance, Adam Smith appears to support
this as well. While Smith does focus on human distinctiveness in his best known book, The Wealth of Nations (for instance
asserting that only humans have developed barter and trade; Smith, 2000 [1776]), his approach is somewhat different in
other writings spanning this publication. Smith’s earlier work, The Theory of Moral Sentiments (Smith, 1817 [1759]) also
focuses on human typical behaviors, however he appears open to - or even endorses - the idea of evolutionary continuity.
In his discussion of ‘The Passions which take their origin from the Body’ (Part I, Section II, Chapter I), Smith explicitly argues
against the ancient philosopher’s conception that only our ‘brutish’ passions are shared with the animals, taking the position
that both positive and negative passions are seen in common—in other words, that animals share many traits we consider
human:

and has remained in both species. The second mechanism is convergence, in which behaviors emerged in two species independently because similar
environmental pressures led to situations favorable for the maintenance of these behaviors when they emerged through chance evolutionary processes.
To give an example, robins and eagles share wings through homology; their most recent shared ancestor had wings, and they both still have wings. On
the other hand, robins, butterflies, and vampire bats share wings through convergence; all three species (or their ancestors) were in an environment in
which wings provided a benefit, so when the appropriate genetic variation arose through chance (e.g. mutation, recombination), individuals with wings
were favored by natural selection. These species have no common ancestor which had wings. Studying only one or a few species, it is difficult to determine
which process led to similarities. However either way, the comparative approach can be useful in determining what environmental pressures led to the
emergence of the behavior and which evolutionary trajectory it took upon the behaviors’ emergence.



S.F. Brosnan / Journal of Economic Behavior & Organization 77 (2011) 23-30 25

Such is our aversion for all the appetites which take their origin from the body: all strong expressions of them are
loathsome and disagreeable. According to some ancient philosophers, these are the passions which we share in com-
mon with the brutes, and which having no connexion with the characteristical qualities of human nature, are upon
that account beneath its dignity. But there are many other passions which we share in common with the brutes, such
as resentment, natural affection, even gratitude, which do not, upon that account, appear to be so brutal. (Smith, 1817
[1759]), p. 30).

This idea that only negative passions are shared between humans and other species has not yet fully disappeared (de
Waal, 1996).

Smith also uses comparisons between animals and humans to support his arguments about the nature of humanity. In
TMS, he makes the point that all animals, including children, dogs, and ‘cholerick man’ are likely to become angry at inanimate
objects which hurt us (Part II, Section III, Chapter I). In his posthumously published Essays on Philosophical Subjects (Smith,
1982 [1795]), in the chapter on the external senses, Smith argues for the innateness of some human senses, particularly
vision, from analogy with other animals. Smith’s discussion of the characteristics of the senses of other species additionally
shows that he is informed about the Linnaean rank system for classifying organisms, and natural history in general.

Finally, for his time Smith had an advanced biological understanding of how human behavior functioned. Smith argued
that human instincts were in place to promote survival and reproduction, an explicitly biological understanding of human
behavior which preceded Darwin (Wight, 2009). He further believed that these instincts were initially experienced as
emotion, rather than rational thought, and often served unconscious ends. Today we might refer to these motivations as
‘proximate causes?’ which explain how the behavior functions in the animal. Note that these motivations do not assume any
understanding on the part of the animal (including humans). Although he does not explicitly refer to non-human species,
this placement of human behavior firmly in the realm of the biological embeds humans in the natural world.

Hence, the idea of evolutionary continuity of behavior, even in realms often reserved for humans, such as the moral
emotions, is not new. It was endorsed explicitly by both Smith and Darwin, then more or less disappeared in the last
century, possibly due to the rise of foci on learning (behaviorism in psychology) and culture (in anthropology; Ekman, 1998).
It seems likely that Smith and Darwin would have predominantly agreed with each other’s viewpoints, and in returning to
their more inclusive approach, we may improve our understanding of human behavior.

3. Moral emotions and moral behaviors in non-humans

Moral emotions have been described as those emotions which focus on others, rather than the self, are elicited by stimuli
which do not affect the self (e.g. inequality eliciting sympathy), and result in an outcome which helps others or society (Haidt,
2003). In other words, these emotions are among the proximate mechanisms which are necessary to uphold the rules of
behavior underlying social norms and conventions. Moral emotions encompass different classes of emotions. For instance,
they include both positive emotions, such as elevation, gratitude, or pride, and negative emotions, such as shame, guilt, and
embarrassment (Tangney et al., 2007), as well as including both prosocial emotions, or those which improve the outcomes
of other members of one’s group and antisocial emotions, which may decrease the fitness of other group members. Despite
seeming contrary to morality, these latter emotions are moral if they change the recipient’s behavior to be more in line with
the groups’ norms. While it is difficult to study emotions in non-verbal species, many scientists include other animals when
discussing moral behaviors or moral emotions (Bonnie and de Waal, 2004; Flack and de Waal, 2000; Haidt, 2003). One such
behavior for which there is a relatively extensive literature is responses to inequitable outcomes.

3.1. Justice, equity, and equality

Adam Smith refers to justice as “the main pillar that upholds the whole edifice [of human society]” (1817 [1759]; p. 115).
Two related components of justice are equity and equality. Equality assumes identical outcomes, but fails to account for
effort and deservedness. Equity does so. Since perception varies, an equal reward may be inequitable, or an equitable reward
may be unequal. Because of this, this paper relies primarily on the concept of equity rather than equality. Although justice
is difficult to study in non-verbal species, equity can be operationalized, allowing for an experimental approach.

In the fields of economics and psychology, equity is considered to consist of two components, one’s reactions to one’s own
outcomes, and one’s reaction to others’ outcomes (Fehr and Schmidt, 1999; Walster et al., 1978). The former, disadvantageous
inequity, is probably the most common, and is fairly easy to explain from an evolutionary perspective (Brosnan, 2006a,b).
Individuals who notice that they receive less than another and change their behavior in ways that rectifies the inequity
directly improve their outcomes, so this behavior is under strong positive selection.

However, this is entirely about one’s own outcomes. In order to qualify as a moral behavior, individuals must also notice
and react when others are treated less well. These advantageous inequity responses are critical to a full-fledged moral system,

2 Evolutionary biologists distinguish between proximate mechanisms and ultimate causes. Proximate mechanisms explain how the behavior functions
within an individual while ultimate causes explain how the behavior evolved over the species’ history. For instance, the ultimate cause of eating is that it
provides the energy and nutrients required for survival, but the proximate mechanism which leads individuals to consume food is the pleasure of doing
so, not an understanding of its necessity.
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yet it seems on the surface to be difficult to explain via natural selection. However, several good hypotheses exist to explain
the evolution of the response. First, advantageous inequity responses also benefit the self, as a commitment device which
demonstrates to others the actor’s dedication to equity and general merit as a social partner (e.g. Frank, 1988, 2001). Humans’
behavior supports this in some experimental settings, as people will make decisions which lower their absolute and relative
outcomes, presumably to send a signal to their partner (Yamagishi et al., 2009). Related to this, responding to rectify inequity
which is detrimental to another may also improve one’s own reputation, providing benefits in the future (Milinski et al.,
2002; Nowak and Sigmund, 1998; Wenekind and Milinski, 2000). Both of these functional explanations make clear why this
prosocial behavior was selected, but more immediate proximate factors may be empathy and the ‘warm glow’ people get
from helping others (Andreoni, 1989; Batson, 1991; Zak, 2010). It has been speculated that other primates, too, experience
this (de Waal et al., 2008). Smith mentions this phenomenon in his own writing as well: “But whatever may be the cause of
sympathy, or however it may be excited, nothing pleases us more than to observe in other men a fellow-feeling with all the
emotions of our own breast” (Smith, 1817 [1759]), p. 13). Although advantageous inequity responses are ostensibly about
benefiting others, because of the personal benefits (even in the case of the warm glow; Andreoni, 1989) they nonetheless
benefit the self, explaining how they may evolve.

In the literature discussing justice or inequity in non-humans, it is fairly common to treat these two components sep-
arately, with the latter typically being pursued as ‘other-regarding’ or empathetic behavior. This discussion is beyond the
scope of the paper, however the empirical evidence will be presented as it is relevant to question.

3.2. Equity and equality in non-humans

Several species respond negatively when they are treated less well than a social partner (Brosnan, 2006a,b, 2008a,b).
Chimpanzees, capuchin monkeys, dogs, rabbits, and, possibly tamarins, all show responses which indicate frustration or
distress, such as refusing food rewards or refusing to participate in interactions, when social partners receive better outcomes
for completing a task (Brosnan and de Waal, 2003; Brosnan et al., 2005; Fletcher, 2008; Heidary et al., 2008; Neiworth et
al,, 2009; Range et al., 2008; van Wolkenten et al., 2007). This response is similar to that seen in humans when playing the
impunity game (Yamagishi et al., 2009). This reaction is not surprising, as it is an extension of violation of expectation, which
has been known in primates for almost 100 years (Tinklepaugh, 1928), and interacts with inequity (Brosnan et al., 2010).
However the inequity response is based on an expectation set up by what someone else received, or a social expectation,
rather than an individual expectation.

The reaction varies dependent upon the context. For instance, the response has thus far only been elicited in the context of
a task to receive the reward, such as an exchange, which may indicate the importance of interaction or cooperation in deter-
mining whether outcomes are inequitable (Brosnan, 2008a; see Section 4.3 below for more details). Among chimpanzees,
individuals’ responses also differ depending on their social environment (Brosnan et al., 2005), perhaps based upon social
relationships, as in humans (Clark and Grote, 2003). One study has found a sex difference in response, with males responding
to social expectation and female to individual expectation (Brosnan et al., 2010). Finally, rank appears to make a difference
in some situations, with dominant individuals responding more strongly than subordinates (Brosnan et al., 2010; Brduer et
al.,, 2009).

While primates respond strongly to inequitable outcomes, or distributional inequity, procedural inequity does not elicit
aresponse. No study has found evidence of a negative response to effort differences, such as when only one individual must
complete a task, or when one individual must complete a more difficult task, to get the reward (Fontenot et al., 2007; Roma
et al,, 2006; van Wolkenten et al., 2007; Brosnan et al., 2010). Moreover, other sorts of procedural differences do not affect
responses; a time delay inserted between the task and the reward for only one individual does not affect subjects’ reactions
(Brosnan et al., 2010).

Finally, data from a more naturalistic study indicate that the long-term behavior of the partner is more important than
the outcome of individual interactions. In an experimental cooperation task, subjects were much more likely to cooperate
if they and their partner evenly shared the better rewards. For this task, capuchin monkeys had to work together to pull
in a heavy tray which contained food for each of them. However, the foods were not always the same, and the monkeys
had to decide whether they were willing to work for the food reward in front of them. Since they were not separated from
each other, this was determined by the monkeys, rather than by the human experimenter. Subjects were willing to work for
lower value rewards as long as they got about half of the higher value rewards across all of the trials with different foods.
Pairs in which the partners shared the better rewards about half of the time were highly successful in this cooperative task,
while pairs in which one partner excluded the other from receiving the higher value rewards rarely achieved cooperation.
Hence, although the dominants in the second case (non-sharing dominants) received more higher value items than their
partners, they received many fewer rewards overall than sharing dominants because of the lower success rate. (There was
a condition in which both monkeys got high-value rewards, so this difference cannot be explained by an overall lack of
motivation.) Thus, subordinates seemed to expect that working together on a task should lead to relative equity of reward
outcome (Brosnan et al., 2006), and dominant partners who failed to do this received a form of punishment. The conclusion
is that a critical factor in a naturalistic cooperative task is whether the partner’s behavior is equitable, rather than whether
the actual rewards on any given trial are so.

In the majority of these studies of inequity, there was little evidence that the advantaged partner was attempting to
reconcile the discrepancy between the rewards (Brosnan, 2006a; although see Brosnan et al. (2010) and below for counter-
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evidence in one group of chimpanzees). However, these experiments were not designed to measure advantageous inequity;
food rewards were not easily divisible, requiring individuals to share all or nothing on an individual trial (a high cost).
Moreover, only in the Brosnan et al. (2006) study was there any benefit to the individual for sharing. However, other studies
have been done which were designed to minimize the cost to individuals for creating equality between themselves and a
partner.

In most of these experiments, one primate is given a choice between an option which brings food both to itself and to a
partner and an option which brings food only to itself (Silk et al., 2005). To make the task as simple as possible, the subjects’
food rewards do not differ between the conditions, so self-interested motivation should not have differed. Subjects are
typically tested in two different conditions, one in which they were paired with a social partner and one in which they were
alone, as a response grounded in equity concerns must lead to an increase in sharing when a partner is present more than
when the partner is absent. This differentiation helps control for the possibility that subjects’ interest in the equal option is
because it is a larger amount of food (even though they do not get it all).

Chimpanzees have been tested on this paradigm by two research teams at three different facilities. In each case, no subject
behaved differently from chance, bringing food to their partners about half of the time whether the partner was present
or absent (Jensen et al., 2006; Silk et al., 2005). This remained true in a follow-up test in which the subjects could reward
themselves and then their partners (Vonk et al., 2008). Even when the experiment was altered so that sharing was explicitly
self-benefiting — by adding reciprocity within the session — chimpanzees were indifferent between the options (Brosnan
et al.,, 2009a). However, chimpanzees do help others by completing simple tasks (fetching a pen, removing a blockade;
Warneken et al., 2006, 2007). Finally, as mentioned above, in one study chimpanzees did refuse a grape as a reward more
often when their partner got a cucumber (a less valuable reward) than when their partner also got a grape, although this
may not have been due to prosocial motivations (Brosnan et al., 2010).

Several hypotheses have emerged to explain this apparent discrepancy within chimpanzee behavior, although none thus
far satisfactorily explain all of the data. The first hypothesis is that food, as a limited resource, leads to the perception of
a zero-sum game rather than an opportunity to share. Thus, the chimpanzee’s goal in these experiments may be to avoid
giving food to the competitor (Warneken et al., 2007). A second hypothesis is that explicit requests are required to generate
prosocial behavior in chimpanzees (Yamamoto and Tanaka, 2009), although this does not seem to explain the behavior in
other studies (Cronin et al., 2009; Silk et al., 2005). More recently, marmosets, a new world monkey species, were found to
show prosocial behavior (Burkart et al., 2007) in a situation very similar to that of Silk et al. (2005). The authors proposed that
cooperative breeders have evolved to show more prosocial behaviors, due to selection for extensive prosocial interactions
among non-kin. However, another recent study found that marmosets, which are very closely related to tamarins, do not
show prosocial behavior in a similar paradigm (Cronin et al., 2009; although see also Cronin and Snowdon, 2008, for evidence
of reciprocal behavior in tamarins). Moreover, capuchin monkeys, a non-cooperatively breeding new world monkey, albeit
one with allomaternal care, do show prosocial behavior (de Waal et al., 2008; Lakshminarayanan and Santos, 2008; Takimoto
etal., 2010), as do dominant long-tailed macaques (Massen et al., 2010). These results have led some to reject the cooperative
breeding hypothesis as neither necessary nor sufficient (Lakshminarayanan and Santos, 2008).

3.3. The context of inequity

Humans respond differently to inequity depending upon the source. In experimental games, for instance, humans change
their pattern of responses if there appears to be a reason for inequity. Subjects offer less and partners accept this inequity
more readily if the subject is perceived to have earned the right to it (e.g. by performing well on a test; Hoffman et al.,
1994; List and Cherry, 2008). Humans also respond more strongly to inequity which is caused by another human directly
than to inequity resulting from chance (e.g. a computer-generated response; Blount, 1995; Knoch et al., 2006). Despite these
few studies, little research has been done on how the framing of the inequitable outcome affects perception. This may be
particularly important since most payoffs in experimental economics occur in the context of ‘free’ money which the subjects
receive when they walk through the door (Wight, 2009).

Non-human primates respond very differently to inequity which results following a task than to that which is due to ‘free’
handouts. This evidence emerges from the consistent finding that most primates respond to inequity only when the payoffs
are framed as a ‘payment’ for completing a task, but not when rewards are framed as a ‘gift’ which is handed to participants
for free. In these studies, subjects typically either earn rewards by exchanging a token with a human experimenter (for which
they receive a food item in payment) or are simply handed food rewards by the experimenter, with no task.

No apes show a response to inequity without a task (Brduer et al., 2006; Brosnan et al., 2010). When a task is included,
results are variable; bonobos seem to respond, orangutans do not, and chimpanzees’ responses vary both between and within
studies (Brduer et al., 2009; Brosnan et al., 2005, 2010; Brosnan et al., in preparation). Thus, it is probable that there are other
ecological, experimental, or social factors which are affecting the response (Brosnan et al., 2010). Among monkeys, tamarins
do not show an inequity response when there is no task present, but increase their refusal rates over time when a task
is present (Neiworth et al., 2009). Among capuchins, the same pattern holds as in the chimpanzees (Brosnan and de Waal,
2003; Fletcher, 2008; van Wolkenten et al., 2007; Dindo and de Waal, 2006; Dubreuil et al., 2006; Fontenot et al., 2007; Roma
et al.,, 2006), with subjects in the exceptional study showing no response to a contrast effect, either, indicating that there
may have been another reason that the subjects did not respond (Silberberg et al., 2009). Notably three of these studies used
the same group of capuchin subjects, and the one which did not use a task (Dindo and de Waal, 2006) found no response to
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inequity while those which did use a task (Brosnan and de Waal, 2003; van Wolkenten et al., 2007) found that monkeys did
respond when receiving less good food rewards than their partners. Although all of the abovementioned examples are only
correlational evidence, a recent study including both conditions counterbalanced within the same experiment has supported
this in chimpanzees (Brosnan et al., 2010). Thus, something about the task seems to be critical in triggering expectation.

There are several hypotheses for this behavior (Brosnan et al., 2010). First, this could be due to the typical captive
environment, in which food is routinely handed to subjects by humans. They may have become accustomed to inequity in
this context. However, another possibility is that subjects react to inequity only in situations which require some sort of
effort. There seems to be a fundamental difference in the way inequity is perceived between situations in which the rewards
are unearned (received for ‘free’) and those in which rewards result from an effortful task. It may be that joint efforts lead
to the expectation of joint payoffs (van Wolkenten et al., 2007), thus animals may not expect equity in situation in which
there is no perception of working with another. This is reminiscent of humans accepting more unequal rewards when they
believe a computer chose a division, as opposed to when they believe that a human partner did so (Blount, 1995; Knoch et al.,
2006). Given that both situations involving free rewards and those involving effort are prevalent in the real world, it seems
essential to an understanding humans’ responses to inequity to better distinguish the differences in response they generate.
Aside from providing an interesting new line of research in human populations, this distinction is one that is mostly absent
from the models of inequity common in the literature. Including this distinction, and the differences in response resulting
from it, may even affect existing theories on reactions to inequity in humans (Khalil, 2009).

3.4. The evolution of the sense of justice

The previous section demonstrates that primate experiments reveal a behavioral response to inequity, supporting the
hypothesis that behavior relevant to at least one moral behavior, the sense of justice, does exist in species other than humans.
Several species of non-human primates (and several non-primates) respond negatively to earning less preferred rewards
than a social partner. Some species even respond behaviorally to rectify inequity which affects a partner, although the context
in which this occurs is still not entirely clear. These behaviors may have emerged through either convergence or homology
(see Sections 1 and 2). Evidence from capuchins, chimpanzees, and humans, even with the addition of dogs, is not sufficient
to distinguish between these possibilities since all three species share in common traits (cooperation, gregariousness) which
have been linked to negative responses to inequity. In particular, cooperation has previously been linked to the inequity
response (Fehr and Schmidt, 1999; Brosnan et al., 2006), meaning that it may be the critical environmental factor that led
to selection for the behavior. Regardless of whether these behaviors emerged once in a common ancestor and represent
an evolutionary homology or arose in parallel several different times, we can use the comparative approach to track the
evolutionary trajectory of this response. In this way we can understand more about the features which are important for
the inequity response.

The inequity response likely evolved in four steps (Brosnan, 2006a). Note that although these steps represent a process of
cumulative behavioral complexity, at each step there is some benefit to the individual. Moreover, not all species will exhibit
all of the steps. Thus, when looking for sensitivity to inequity it is important to look for any of the stages of the behavior, and
not focus on solely the more complex behaviors. A first necessary step is to notice inequity. This may have been a byproduct
of any other behavior that selected individuals to pay attention to conspecifics, such as social learning (which is present
in many species). In and of itself, noticing inequity may not be beneficial, however, if these individuals took the next step
and began to respond negatively to inequity, even in a non-targeted way, they would benefit. If individuals began to react
negatively to individuals who treated them inequitably, this could lead them to cease interactions with those partners and
seek out others. By chance alone it is likely that some new partners will behave more equitably. In this case, they have
benefited, even if they did not recognize why they responded negatively or that their change in behavior provided a benefit.
This would enhance the individual’s fitness, resulting in positive selection for the behavior. Most of the evidence for inequity
responses is at this stage: individuals respond negatively to inequity and, based on the one test in which subjects could
choose whether or not to participate (Brosnan et al., 2006), seem to cease interacting with partners who are not equitable.
In the third step, individuals understand that they have received less and actively take steps to rectify inequity. This is likely
the stage at which humans operate, for example, by punishing individuals who do not play fairly (Fehr and Gachter, 2002).
Thus far, only scant evidence exists that non-humans show this reaction. For example, if it turns out that capuchins are
punishing social partners who do not share by ceasing to cooperate (Brosnan et al., 2006), this would be an example of this
stage of the response.

The final stage of the response was likely responding when advantaged, or rectifying inequity in others. Although advan-
tageous inequity responses are also explicable via individual natural selection, disadvantageous inequity responses are more
straightforward as there is a more immediate benefit to the partner. In the case of advantageous inequity, however, individ-
uals must actually act against their own short-term self interest, giving up rewards to benefit partners. However, despite the
short term cost, this behavior may increase long-term benefit (see Section 4.1). Responses which assist another individual
are seen in non-human primates, as discussed above (Section 4.2). However, these behaviors do not appear to be as easy to
elicit in non-human primates as in humans. One possibility, of course, is that we have not designed tests that do a good job
of exploring these other species’ capacities. Another possibility is that human prosocial responses are more fully developed
than those of other species. This may be indication that prosocial behaviors (e.g., strong reciprocity; Gintis, 2000) were
particularly important in humans’ evolution.
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4. Conclusion

Moral emotions are not the only area of economics in which studies from non-human species are being used to inform
our understanding of human behavior. For instance, other species show behavior which is in line with Prospect Theory
(Kahneman and Tversky, 1979) in the same ways as do humans (Brosnan et al., 2007; Chen et al., 2006; Lakshminarayanan
et al., 2008). This indicates that humans’ ‘irrational’ behaviors (Ariely, 2008) are not unique, and that these behaviors were
likely beneficial at some point in our evolutionary history (Jones and Brosnan, 2008). For example, constraints such as the
lack of language would have inhibited the growth of institutions that could protect against losses (Brosnan et al., 2008).

With respect to moral behaviors and emotions, by understanding precursors, such as the inequity response, we have a
better understanding of the evolution of moral behaviors. These behaviors will not likely be identical to those of humans,
but in examining them we see the connection between our behaviors and those of other species. Far from being simply an
academic exercise, the study of these behaviors helps to clarify how our own behaviors evolved and the constraints which
may be encountered. This line of thinking is not new; Charles Darwin clearly saw continuity between the species, and,
though he was not a biologist, Adam Smith did as well. Perhaps in the future this evolutionary approach to human behavior
will once again span disciplinary boundaries.

Acknowledgements

Funding to the author was provided by a National Science Foundation Human and Social Dynamics Grant SES 0729244
and an NSF Career Award (SES 0847351). [ am grateful to Elias Khalil and Jonathan Wight for discussion which helped to
develop many of these ideas and to Carel van Schaik, Adrian Jaeggi, and Judith Burkhart for a thought-provoking discussion
on the distinction between moral and prosocial emotions.

References

Andreoni, J., 1989. Giving with impure altruism: applications to charity and ricardian equivalence. Journal of Political Economy 97, 1447-1758.

Ariely, D., 2008. Predictably Irrational: The Hidden Forces that Shape our Decisions. HarperCollins, New York.

Batson, C.D., 1991. The Altruism Question: Toward A Social Psychological Answer. L. Erlbaum, Hillsdale, NJ.

Blount, S., 1995. When social outcomes aren’t fair: the effect of causal attributions on preferences. Organizational Behavior and Human Decision Processes
63, 131-144.

Boehm, C., 1999. Hierarchy in the Forest: The Evolution of Egalitarian Behavior. Harvard University Press, Cambridge, MA.

Boesch, C., 2007. What makes us human (Homo sapiens)? The challenge of cognitive cross-species comparison. Journal of Comparative Psychology 121,
227-240.

Bonnie, K., de Waal, F.B.M., 2004. Primate social reciprocity and the origin of gratitude. In: Emmons, R., McCullough, M. (Eds.), The Psychology of Gratitude.
Oxford University Press, Oxford, pp. 213-229.

Brduer, J., Call, J., Tomasello, M., 2006. Are apes really inequity averse? Proceedings of the Royal Society of London, Series B 273, 3123-3128.

Brduer, J., Call, J., Tomasello, M., 2009. Are apes inequity averse? New data on the token-exchange paradigm. American Journal of Primatology 7, 175-181.

Brosnan, S.F., 2006a. At a crossroads of disciplines. Social Justice Research 19, 218-227.

Brosnan, S.F., 2006b. Nonhuman species’ reactions to inequity and their implications for fairness. Social Justice Research 19, 153-185.

Brosnan, S.F., 2008a. The evolution of inequity. In: Houser, D., McCabe, K. (Eds.), Advances in Health Economics. Elsevier.

Brosnan, S.F., 2008b. Responses to inequity in nonhuman primates. In: Glimcher, P.W., Camerer, C., Fehr, E., Poldrack, R. (Eds.), Neuroeconomics: Decision
Making and the Brain. Elsevier.

Brosnan, S.F., de Waal, F.B.M., 2003. Monkeys reject unequal pay. Nature 425, 297-299.

Brosnan, S.F., Freeman, C., de Waal, F.B.M., 2006. Partner’s behavior, not reward distribution, determines success in an unequal cooperative task in capuchin
monkeys. American Journal of Primatology 68, 713-724.

Brosnan, S.F., Grady, M., Lambeth, S., Schapiro, S., Beran, M.J., 2008. Chimpanzee autarky. PLoS ONE 3 (1), e1518.

Brosnan, S.F., Henrich, J., Mareno, M.C., Lambeth, S., Schapiro, S,., Silk, ]J.B., 2009. Chimpanzees (Pan troglodytes) do note develop contingent reciprocity in
an experimental task. Animal Cognition. doi:10.1007/s10071-009-0218-z.

Brosnan, S.F., Jones, 0.D., Mareno, M.C., Richardson, A.S., Lambeth, S.P., Schapiro, S.J., 2007. Endowment effects in chimpanzees. Current Biology 17, 1-4.

Brosnan, S.F., Newton-Fisher, N.E., van Vugt, M., 2009b. A melding of the minds: when primatology meets social psychology. Personality and Social
Psychology Review.

Brosnan, S.F., Schiff, H.C., de Waal, F.B.M., 2005. Tolerance for inequity may increase with social closeness in chimpanzees. Proceedings of the Royal Society
of London, Series B 1560, 253-258.

Brosnan, S.F., Talbot, C., Ahlgren, M., Lambeth, S. P., Schapiro, S.J., 2010. Mechanisms underlying the response to inequity in chimpanzees, Pan troglodytes.
Animal Behaviour. doi:10.1016/j.anbehav.2010.02.019.

Burkart, J., Fehr, Ernst, Efferson, C., van Schaik, C.P., 2007. Other-regarding preferences in a non-human primate: common marmosets provision food
altruistically. Proceedings of the National Academy of Sciences 104 (50), 19762-19766.

Burnham, T.C., Kurzban, R., 2005. On the limitations of quasi-experiments. Behavioral and Brain Sciences 28, 818-819.

Chen, M.K., Lakshminarayanan, V., Santos, Laurie, R., 2006. How basic are behavioral biases? Evidence from capuchin monkey trading behavior. Journal of
Political Economy 114, 517-537.

Clark, M.S., Grote, N.K., 2003. Close relationships. In: Millon, T., Lerner, M.]. (Eds.), Handbook of Psychology: Personality and Social Psychology. John Wiley
& Sons, New York, pp. 447-461.

Cronin, K.A., Schroeder, K.K.E., Rothwell, E.S., Silk, ].B., Snowdon, C., 2009. Cooperatively breeding cottontop tamarins (Saguinus oedipus) do not donate
rewards to their long-term mates. Journal of Comparative Psychology.

Cronin, K.A., Snowdon, C.T., 2008. The effects of unequal reward distributions on cooperative problem solving by cottontop tamarins Saguinus oedipus.
Animal Behaviour 75, 245-257.

Darwin, C.,, 1964 [1859], On the Origin of Species. Harvard University Press, Cambridge, MA.

Darwin, C.,, 1981 [1871]. The Descent of Man, and Selection in Relation to Sex, vols. I & II. Princeton University Press, Princeton.

Darwin, C., 1998 [1872]. The Expression of the Emotions in Man and Animals. HarperCollins, London.

de Waal, F.B.M., 1996. Good Natured: The Origins of Right and Wrong in Humans and Other Animals. Harvard University Press, Cambridge, MA.

de Waal, F.B.M., Leimgruber, K., Greenberg, A., 2008. Giving is self-rewarding for monkeys. Proceedings of the National Academy of Sciences 105,
13685-13689.



30 S.F. Brosnan / Journal of Economic Behavior & Organization 77 (2011) 23-30

Dindo, M., de Waal, F.B.M., 2006. Partner effects on food consumption in brown capuchin monkeys. American Journal of Primatology 69, 1-6.

Dubreuil, D., Gentile, M.S., Visalberghi, E., 2006. Are capuchin monkeys (Cebus apella) inequity averse? Proceedings of the Royal Society of London Series B
273,1223-1228.

Ekman, P., 1998. Introduction to the third edition. In: Ekman, P. (Ed.), Third edition of Charles Darwin’s The Expression of the Emotions in Man and Animals.
HarperCollins, London, pp. XXi—XXxXVi.

Fehr, E., Gdchter, S., 2002. Altruistic punishment in humans. Nature 415, 137-140.

Fehr, E., Schmidt, K.M., 1999. A theory of fairness, competition, and cooperation. The Quarterly Journal of Economics 114, 817-868.

Fessler, D.M.T., 2009. Return of the lost letter: experimental framing does not enhance altruism in an everyday context. Journal of Economic Behavior and
Organization 71, 575-578.

Flack, J., de Waal, F.B.M., 2000. ‘Any animal whatever’: Darwinian building blocks of morality in monkeys and apes. Journal of Consciousness Studies 7,
1-29.

Fletcher, G.E., 2008. Attending to the outcome of others: disadvantageous inequity aversion in male capuchin monkeys (Cebus apella). American Journal of
Primatology 70, 901-905.

Fontenot, M.B., Watson, S.L., Roberts, K.A., Miller, RW., 2007. Effects of food preferences on token exchange and behavioural responses to inequality in
tufted capuchin monkeys, Cebus apella. Animal Behavior 74, 487-496.

Frank, R.H., 1988. Passions Within Reason: The Strategic Role of the Emotions. W.W. Norton & Company, New York.

Frank, R.H., 2001. Cooperation through emotional commitment. In: Nesse, R.M. (Ed.), Evolution and the Capacity for Commitment. Russell Sage Foundation,
New York, pp. 57-76.

Gintis, H., 2000. Strong reciprocity and human sociality. Journal of Theoretical Biology 206, 169-179.

Hagan, E.H., Hammerstein, P., 2006. Game theory and human evolution: a critique of some recent interpretations of experimental games. Theoretical
Population Biology 69, 339-348.

Haidt, ]., 2003. The moral emotions. In: Davidson, RJ., Scherer, K.R., Goldsmith, H.H. (Eds.), Handbook of Affective Sciences. Oxford University Press, Oxford,
pp. 852-870.

Heidary, F., Vaeze Mahdavi, M.R., Momeni, F., Minaii, B., Rogani, M., Fallah, N., Heidary, R., Gharebaghi, R., 2008. Food inequality negatively impacts cardiac
health in rabbits. PLoS ONE 3, e3705.

Hoffman, E., McCabe, K., Shachat, K., Smith, V., 1994. Preferences, property rights and anonymity in bargaining games. Games and Economic Behavior 7,
346-380.

Jensen, K., Hare, B., Call, J., Tomasello, M., 2006. What's in it for me? Self-regard precludes altruism and spite in chimpanzees. Proceedings of the Royal
Society of London, Series B 273, 1013-1021.

Jones, 0.D., Brosnan, S.F., 2008. An evolutionary perspective on the endowment effect. William and Mary Law Review 49, 1935-1990.

Kahneman, D., Tversky, A., 1979. Prospect theory: an analysis of decision under risk. Econometrica 47, 263-291.

Khalil, E., 2009. Introduction: a taste for every season. In: Khalil, E. (Ed.), New Behavioral Economics, Vol. 3. Edward Elgar, Cheltenham, UK, pp. ix—xxii.

Knoch, D., Pascual-Leone, A., Meyer, K., Treyer, V., Fehr, E., 2006. Diminishing reciprocal fairness by disrupting the right prefrontal cortex. Science 314,
829-832.

Lakshminarayanan, V., Chen, M.K,, Santos, L.R., 2008. Endowment effect in capuchin monkeys. Philosophical Transactions of the Royal Society, Series B.
doi:10.1098/rstb.2008.0149.

Lakshminarayanan, V., Santos, L.R., 2008. Capuchin monkeys are sensitive to others’ welfare. Current Biology, R999-R1000.

List, ].A., Cherry, T.L., 2008. Examining the role of fairness in high stakes allocation decisions. Journal of Economic Behavior and Organization 65, 1-8.

Massen, J.J.M., van den Berg, L.M., Spruijt, B.M., Sterck, E.H.M., 2010. Generous leaders and selfish underdogs: pro-sociality in despotic macaques. PLoS ONE
5(3) e9734. doi:10.1371/journal.pone.0009734.

Milinski, M., Semmann, D., Krambeck, H.-J., 2002. Reputation helps solve the ‘tragedy of the commons’. Nature 415, 424-426.

Neiworth, ].J., Johnson, E.T., Whillock, K., Greenberg, ]., Brown, V., 2009. s a sense of inequity an ancestral primate trait? Testing social inequity in cotton
top tamarins (Saguinus oedipus). Journal of Comparative Psychology 123, 10-17.

Nowak, M.A., Sigmund, K., 1998. Evolution of indirect reciprocity by image scoring. Nature 393, 573-577.

Range, F., Horn, L., Viranyi, Z., Huber, L., 2008. The absence of reward induces inequity aversion in dogs. PNAS.

Roma, P.G., Silberberg, A., Ruggiero, A.M., Suomi, S.J., 2006. Capuchin monkeys, inequity aversion, and the frustration effect. Journal of Comparative
Psychology 120, 67-73.

Silberberg, A., Crescimbene, L., Addessi, E., Anderson, ].R., Visalberghi, E., 2009. Does inequity aversion depend on a frustration effect? A test with capuchin
monkeys (Cebus apella). Animal Cognition 12, 505-509.

Silk, J.B., Brosnan, S.F., Vonk, J., Henrich, J., Povinelli, D.J., Richardson, A.S., Lambeth, S.P., Mascaro, J., Schapiro, S.J., 2005. Chimpanzees are indifferent to the
welfare of unrelated group members. Nature 437, 1357-1359.

Smith, A., 1817 [1759]. The Theory of Moral Sentiments, vols. I & IIl. Wells and Lilly, Boston.

Smith, A., 1982 [1795]. Essays on Philosophical Subjects, vol. III. Liberty Fund, Indianapolis.

Smith, A., 2000 [1776]. The Wealth of Nations. Random House, New York.

Takimoto, A., Kuroshima, H., Fujita, K., 2010. Capuchin monkeys (Cebus apella) are sensitive to others’ reward: an experimental analysis of food-choice for
conspecifics. Animal Cognition 13, 249-261.

Tangney, J.P., Stuewig, J., Mashek, D.J., 2007. Moral emotions and moral behavior. Annual Review of Psychology 58, 345-372.

Tinklepaugh, O.L., 1928. An experimental study of representative factors in monkeys. Journal of Comparative Psychology 8, 197-236.

Trivers, R., 2006. Reciprocal altruism: 30 years later. In: Kapeller, P., Van Schaik, C.P. (Eds.), Cooperation In Primates and Humans: Mechanisms and Evolution.
Springer, Berlin, pp. 67-84.

van Wolkenten, M., Brosnan, S.F., de Waal, F.B.M., 2007. Inequity responses in monkeys modified by effort. Proceedings of the National Academy of Sciences
104, 18854-18859.

Vonk, J., Brosnan, S.F,, Silk, ].B., Henrich, ]., Richardson, A.S., Lambeth, S.P., Schapiro, S.J., Povinelli, D.J., 2008. Chimpanzees do not take advantage of very
low cost opportunities to deliver food to unrelated group members. Animal Behaviour 75, 1757-1770.

Walster, E., Walster, G.W., Berscheid, E., 1978. Equity: Theory and Research. Allyn and Bacon, Boston.

Warneken, F., Chen, F., Tomasello, M., 2006. Cooperative activities in young children and chimpanzees. Child Development 77, 640-663.

Warneken, F., Hare, B., Melis, A.P., Hanus, D., Tomasello, M., 2007. Spontaneous altruism by chimpanzees and young children. PLoS Biology 5, e184.

Wenekind, C., Milinski, M., 2000. Cooperation through image scoring in humans. Science 200, 850-852.

Wight, J.B., 2009. Adam Smith on instincts, affection, and informal learning: proximate mechanisms and multilevel selection. Review of Social Economy
68, 95-113.

Yamagishi, T., Horita, Y., Takagishi, H., Shinada, M., Tanida, S., Cook, K.S., 2009. The private rejection of unfair offers and emotional commitment. Proceedings
of the National Academy of Sciences 106, 11520-11523.

Yamamoto, S., Tanaka, M., 2009. How did altruism and reciprocity evolve in humans? Interaction Studies 10, 150-182.

Zak, P.J., 2010. Journal of Economic and Behavioral Organization.



