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Inequity aversion (IA) is the resistance to unequitable rewards given
similar investments. It has been postulated as an important mechanism
by which human cooperation thrives. To understand the evolutionary
origin of human IA and its distribution across the animal kingdom, many
species have been tested on IA, with mixed results. Whereas chimpanzees
were originally found to show IA, more recent studies showed that their
IA response could be explained by social disappointment. We conducted
two studies on IA in bonobos using established paradigms: a token-
exchange task and the social disappointment task. Bonobos could exchange
tokens for equal or less-preferred food rewards than their partners (Study
1) and were tested with humans and machines to control for social
disappointment effects (Study 2). We found that bonobos responded
aversively to unequal food distributions in both studies, which was
reflected by more refusals to participate when disadvantaged. Notably,
and contrary to chimpanzees, this effect could not be explained by social
disappointment, although Study 2 was only partially consistent with an
IA explanation. Overall, our findings indicate that bonobos possess the
sensitivity to recognize and respond to unfair treatment, which supports
the notion that IA may have coevolved as a stabilizing mechanism for
cooperation.

1. Introduction
Cooperation plays a vital role in humans’ everyday lives, from simple tasks
such as sharing household chores to large-scale projects in multi-employee
companies. There is even evidence that successful mutual cooperation
activates parts of the brain associated with reward processing [1]. However,
for cooperation to be evolutionarily stable, the benefits must outweigh the
costs [2] and every participant should have consistently engaged in coopera-
tive behaviour during past interactions [3]. This consistency is crucial as it
ensures that each group member can expect others to behave cooperatively
in future interactions as well, thereby maintaining stability and reliability
of cooperation over time. Inequity aversion (IA), which has been defined
as a resistance to inequitable outcomes, can serve to prevent free loaders
from taking advantage in such situations. Such a resistance is then expressed
by individuals relinquishing a material pay-off for the sake of achieving
equity [4]. Humans are averse to both disadvantageous inequity, in which
they receive the lesser or unfair reward, but also advantageous inequity,
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where they are the recipient of the better distribution [5]. Recognition of and aversion to disadvantageous inequity can lead
to the disadvantaged individual punishing the unfair partner. It also allows them to choose more equitable partners in the
future. These actions thereby increase the long-term pay-offs of that individual and, as the unfair individual is excluded from
the pay-offs of future cooperative efforts, their fitness is lowered. Seeing an unfair individual be punished may also reinforce
more equitable behaviours in others. For advantageous IA, a negative response may signal to future partners that the individual
is an equitable cooperator and discourage others from treating them inequitably, increasing their long-term fitness as well [6].
Children already begin paying attention to distributions of payoffs at 1 year old [7] and develop disadvantageous IA in early
childhood (advantageous IA is developed in later childhood, but not consistently across cultures [8]). Furthermore, responses
can vary according to different factors such as relationship quality, wherein closer relationships may lead to less focus on equity
[9] (but see [10] for opposite findings).

Many species of animals participate in cooperative efforts [2] and therefore may also be sensitive to inequity [6]. The
evolutionary origins and mechanisms of IA and cooperation in humans can be elucidated by studying them in closely related
animal species. The first study on IA in a non-human species was done on capuchin monkeys [11]. Two individual monkeys,
the subject and partner, were sat next to each other. In turn, they were given a rock that they could hand back in exchange for
a reward. Crucially, in the inequity condition, the partner was rewarded with a high-value reward (grapes) and the subject was
given a low-value reward (cucumber) after exchanging. In an equity condition, both monkeys received the same value reward
after exchanging. An effort control condition was included, in which the partner did not have to complete a token exchange
but received a grape; however, the subject did have to exchange and still only received a cucumber. Additionally, there was
a non-social control condition (food control), in which the subject exchanged for a cucumber, but a grape was placed into the
empty adjacent room. The monkeys refused to participate significantly more often in the inequity and effort control conditions
(but also the food control) compared to the equity condition. These findings led to the conclusion that capuchins are inequity
averse.

However, these findings have faced significant scrutiny. For instance, the effect was only found in female capuchin monkeys.
Furthermore, the capuchins may have been responding to the presence of the grapes rather than the partner receiving them,
as they were not present in the equity condition (also see [12,13]). Another alternative explanation for the capuchins’ refusals
was that the capuchins’ expectations of receiving the higher value reward were violated, simply due to seeing their partner
receiving it (socially facilitated expectation or the food expectation hypothesis [14]). A third alternative was that a successive
negative contrast, i.e. experiencing a downgrade in reward quality due to first being a ‘partner’ (high reward) followed by
being the subject (low reward) decreased subjects’ willingness to participate (the frustration effect, also classified under the
food expectation hypothesis; see [15]). Some experiments failed to replicate the results found in capuchins [11,13,15–17] (though
note that two of these studies did not employ a task). Nevertheless, multiple studies since have incorporated controls for the
criticisms mentioned and still found IA to be present [18–20]. Specifically, some studies controlled for the high-value reward
presence hypothesis by ensuring the high-value rewards were present in all conditions, regardless of whether anyone received
them. For the expectation hypothesis, they created incorrect expectations beforehand or explicitly showed the subject which
reward they would receive. Finally, they addressed successive negative contrast by counterbalancing the order of conditions
and testing subjects only before they served as partners.

Since the publication of the capuchin study [11], disadvantageous IA has been studied in a wide variety of species, most
commonly using variations of the same paradigm (see [21] for a review). Only a few species have shown signs of being inequity
averse, even among primate species [22]. However, within the species that have exhibited inequity responses, the common
factor among them is that they regularly participate in non-kin-related cooperation [23], supporting the cooperation coevolution
hypothesis. A review on fairness responses in primates, however, argued that it cannot be concluded that primates are inequity
averse; methodological issues in variations of the exchange paradigm, coupled with findings in alternative fairness studies
(e.g. dictator games) point towards primates being rational maximizers instead [24]. Moreover, a recent meta-analysis across 18
animal species found no evidence of IA [25].

In the current study, we focus on responses to unequal reward distributions in bonobos (Pan paniscus), one of humans’ closest
living evolutionary relatives [26]. Bonobos are a highly social species that continually engages in cooperative activities like
mutual grooming, socio-sexual behaviour and intergroup exchanges [27,28]. As such, IA was expected to emerge in the two
earlier studies that were conducted in bonobos. In the first study, using a food distribution task while controlling for expectation
effects, the researchers found the opposite of an IA effect: the apes (bonobos, chimpanzees, gorillas and orangutans) refused
fewer food pieces when the partner received better food [14]. The second study incorporated a token exchange paradigm
(deemed necessary to show the IA effect, e.g. see [29]), yet again failed to find indications that great apes (here: bonobos,
chimpanzees and orangutans) were inequity averse [20]. The researchers theorized that the lack of replication of results for the
apes was most likely due to the elimination of confounding factors, such as order effects and keeping the favoured food visible
in all conditions [14,29].

However, these two studies in which no IA effect was found analysed all great ape species together [14,20]. When scrutinized
per species, the respective studies seem to suggest that bonobos responded much more strongly to unequal reward distributions
than chimpanzees (e.g. see fig. 1 in [20]). More recently, a third study has been conducted in which bonobos indeed seem to
respond aversively to unequal reward distributions [30]. In this study, bonobos were tested in a token exchange task where they
were disadvantaged, equally, or better rewarded than their partner, yielding bonobos to refuse more exchanges and rewards
when they received the less preferred reward. However, this study was unable to rule out important alternative hypotheses
that have been identified in the study of IA in animals such as the food expectation [13,14] or the social disappointment [31,32]
hypothesis. According to the disappointment hypothesis, subjects expressed their disappointment in the human experimenter
for not giving them the more preferred food.
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Engelmann et al. [31] were the first to create an exchange paradigm controlling for the social disappointment hypothesis.
Chimpanzees were put into a token exchange paradigm where the rewards would either be distributed by a machine or
by a human, and either in the presence of a partner or alone. In this study, no equity condition was included, but instead,
across all conditions, the subjects received a lower value reward while the partner always received a higher value one. For the
subject, an opt-out option was also included, through which it could reject the given reward without sacrificing resources. The
food expectation hypothesis predicted that negative reactions would be the same in all conditions. The social disappointment
hypothesis predicted that negative reactions would be highest in both conditions where the rewards were distributed by
a human. The IA hypothesis predicted negative reactions would be highest in the two conditions where the subject had a
partner. The chimpanzees refused to exchange more when the distribution was offered by a human rather than by the machine,
regardless of whether there was a partner present, supporting that they are sensitive to the actions of a human rather than
inequity per se [31]. A recent study investigating social disappointment in long-tailed macaques found similar results [32], but to
our knowledge no other studies have tested the social disappointment hypothesis.

Here, we set out to test bonobos with two established paradigms that can rule out alternative explanations. In our first
experiment, we replicated the study by Bräuer et al. [20] in which great apes exchanged tokens for rewards that were either
equal or of lesser value to their partners’ rewards. This study controlled for the alternative effects of the presence of the
high-value food and the order effects of testing. Here, we hypothesized that bonobos would show IA by refusing to participate
more frequently in the unequal compared to the equal condition. To corroborate our efforts, we additionally re-analysed the
data from the original Bräuer et al. [20] study and checked for consistency in findings as well as for an overall effect of inequity
on bonobos’ responses by collating the two datasets. In our second experiment, we replicated the study by Engelmann et al. [31]
in which chimpanzees were shown to respond based on social disappointment motivations rather than IA. Their study was the
first to implement a condition in which an automated apparatus distributed the rewards rather than a human experimenter,
which tested the alternative hypothesis that chimpanzees were expressing their disappointment in the experimenter for not
giving them the more preferred reward when they could have. Moreover, a so-called ‘opt-out’ apparatus was also available to
the subject; this apparatus was separate from the main exchange one and was baited with the less preferred food by a different
experimenter than the one distributing the rewards during the trials. Therefore, the opt-out represented a non-costly option for
the bonobo to reject the reward distribution relative to the partner but still obtain a food reward. In addition to the distributor
type condition, there was a non-social control condition for both types of distributors.

We tested three hypotheses: (i) food expectation—negative responses are due to the expectation that they will receive the
preferred food based on past experience of themselves or their partner receiving it; (ii) social disappointment—bonobos are
expressing their disappointment in the experimenter by refusing to exchange; and (iii) IA—negative responses are a reaction to
the perceived inequity between the effort and payoff of the subject and partner. Hypothesis (i) predicts no significant differences
in negative reactions between the four conditions; hypothesis (ii) predicts the negative reactions to be higher in the two human
distributor conditions compared to the machine distributor ones; and hypothesis (iii) predicts the negative reactions to be
higher in the two partner conditions compared to the non-social ones. Given the precedent in the human [9] and other animal
literature on IA (chimpanzees [33]; bonobos [30]), we further investigated whether affiliation (also known as ‘friendship’ in
the human literature) impacted the degree of tolerance to inequity. We hypothesized that IA would become less pronounced
with increasing levels of dyadic affiliation. In addition, we considered how these findings contribute to understanding the
evolutionary development of IA, including whether it arose through convergent evolution as a response to similar social
pressures across species.

2. Material and methods
(a) Subjects
Six bonobos (three male and three female) participated in the studies. Their ages ranged from 9 to 39 years old. Two of them
were hand-reared and four of them were mother-reared (see electronic supplementary material, table S1). The bonobos were
housed in one social group at the Wolfgang Kohler Primate Research Center in the Leipzig Zoo (Germany). Their housing
consists of an indoor enclosure and sleeping room, whereas the outdoor enclosure was closed at the time due to cold weather.
The bonobos regularly participate in cognitive testing and were already trained by their keepers to hand back items in return
for a reward. They receive regular feedings and enrichment, and have water available ad libitum. At no point were the bonobos
deprived of food or water and they participated in the study voluntarily.

(b) Ethical assessment
The studies were approved by the ethics committee of the Max Planck Institute for Evolutionary Anthropology and Leipzig
Zoo. No medical, toxicological or neurobiological research of any kind is conducted at the WKPRC. All research strictly adheres
to the legal requirements of Germany. Animal husbandry and research at the WKPRC comply with the ‘EAZA Minimum
Standards for the Accommodation and Care of Animals in Zoos and Aquaria’, the ‘WAZA Ethical Guidelines for the Conduct
of Research on Animals by Zoos and Aquariums’ and the ‘Guidelines for the Treatment of Animals in Behavioral Research and
Teaching’ of the Association for the Study of Animal Behavior (ASAB).
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(c) Study 1—token exchange paradigm
Study 1 replicated an established token-exchange task in which individuals hand back a token in return for a food reward.
Using a within-subjects approach, two conditions are tested: an equity condition in which the partner receives the same
low-quality food reward as the subject, and an inequity condition in which the partner receives a high-value reward while the
subject receives a low-quality reward [20]. To establish which were the low and high-quality rewards, a food preference test was
done prior to testing (see electronic supplementary materials for detailed procedure).

We followed the procedure as outlined in the original study [20]. The subject was tested with a partner in an adjacent room
in which they could see each other. Both were alone in their rooms other than in the case of mothers with offspring. The
experimenter sat in the booth between the two rooms. The two buckets containing the low- and high-value reward were placed
in a line in front of the experimenter, equidistant from the rooms, so that the bonobos could always see inside them.

Testing began when the experimenter handed the partner bonobo the token (a 20 cm × 4 cm plastic tube). To signal that the
token should be returned to the experimenter, they held their hand open in front of the mesh openings. If the partner gave it
back within 60 s, the experimenter took the token and returned the appropriate reward (carrot/apple in the equity condition,
grape in the inequity condition). This same procedure was subsequently done with the subject, except in both conditions the
subject was given the carrot/apple. The exchange with both was considered to be one trial.

If the bonobo did not take the token, the experimenter kept calling their name and gently rattled the token in the openings to
try and get their attention. If they still did not take it within 60 s, the experimenter moved on to the other bonobo. If the bonobo
did not return the token immediately after taking it, the experimenter kept signalling they wanted it back by opening and
closing their hand or further calling the bonobo’s name. Again, if they did not return the token within 60 s, the experimenter
moved on to the other bonobo.

Each session consisted of 25 trials. A bonobo could only participate in one session per day as a subject but could participate
in another one on the same day as a partner in a different dyad. All possible combinations of dyads were tested. In the inequity
condition, only the bonobo receiving the lower value reward was a subject, whereas in the equity condition, both received the
same. Hence, each dyad was tested twice in the inequity condition, switching between who served as subject and who as partner.
In the equity conditions, both received the same reward. Therefore, only one equity test per dyad was needed, where both
bonobos served as subjects. The order of who began the token exchange first was random for the equity conditions. The order of
testing the three sessions for each dyad was randomized (electronic supplementary material, table S2).

Coding was done as in Bräuer et al. [20]. We coded refusals as not returning the token within 60 s after receiving it or not
consuming their food within 5 s of receiving it. Out of 1138 trials, refusals occurred in 57 of them and only 2 of those were food
refusals. Successful exchanges were coded when the bonobo handed back the token within 5 s of receiving it, which occurred
914 times. Exchanges between 5 and 60 s were not included in the statistical analyses. In some trials, the experimenter did not
exactly replicate the original procedure by Bräuer et al. [20] of offering the token even if the bonobo wasn’t in front of them, but
rather waited for them to come back to have their full attention, or offered it, but only counted the beginning of the trial from
when the bonobo came to take it. To obtain an accurate replication of the original study, we have therefore discarded the trials (n
= 60) with incorrect procedure and recoded those where their timing for coding was incorrect. All coding was done from video
recorded during the experiment. A second rater coded 15% of the videos to reach an interrater reliability with the first coder of
100%. To boost sample size and hence the power of the current study, we combined our data with the data on bonobos from the
original study [20]. Given that the two studies were replicates, this was possible (see Statistical Analysis).

(d) Study 2—social disappointment paradigm
Study 2 replicated the social disappointment study in chimpanzees in which it was tested (and found) if the observed IA effect
in chimpanzees could alternatively be explained by a sense of disappointment in the human experimenter when they did not
provide the same high-value reward to the subject as they did to the partner [31].

We followed the procedure as outlined in the original study (see [31] and electronic supplementary material for details).
In summary, the bonobos were again tested in pairs, where the subject was always confronted with an unequal food reward
distribution (food value was assigned according to the same food preference test as in Study 1). However, there was a scenario
in which either a human experimenter or an automated machine administered the food rewards, in either the presence of the
partner or alone. Thus, a 2 × 2 design was used, with distributor (human or machine) as a between-subjects variable and partner
presence (yes/no) as a within-subjects variable.

Importantly, subjects were always tested in unequal (disadvantageous) reward distribution conditions. The experimenter
(E1) or the machine provided the subject with a lower food reward than the partner or empty room. Each subject was tested in
four testing sessions of 24 trials each, with only one session per day. Due to zoo protocols limiting the length of testing time per
day, sometimes sessions could not be completed within one day and were then continued another day to reach 24 trials. Two
of the four sessions were with no partner consecutively and the other two were with a partner consecutively. Which subjects
started their first trial with or without a partner was counterbalanced (electronic supplementary material, table S3, it is not
fully balanced but we account for this in our statistics). Within all four sessions, the subject remained in either the human or
machine distribution condition. Before the beginning of each trial, an experimenter (a different one than the one doing the food
distribution in the human condition; E2) entered the testing room to reset and rebait the apparatuses. Once the apparatuses
were set and baited, E2 left the testing room and either E1 entered and made the token available to the bonobo by hand (human
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condition) or E2 left the room and the machine ‘itself’ made the token available to the bonobo (machine condition; this was
achieved by the experimenter pulling a string attached to the machine from outside the testing room). The trial ended once the
subject had reinserted the tool either into the main apparatus or the opt-out, had refused to exchange the tool within 30 s of
receiving it, or had refused to take the tool within 30 s of it being made available.

We must note that in the machine/alone condition, we originally ran the tests without being able to make the rewards drop
down into their final distribution for the partner apparatus, as there was no bonobo to trigger the apparatus to do so. Without
this step, the subject could not see which of the two rewards would be offered to the empty space the partner was in in the other
half of testing. Therefore, we readjusted the apparatus and re-tested this condition with the three subjects who were assigned to
the machine distributor condition. For the results obtained with the original data, see the electronic supplementary materials.

Coding was done as per Engelmann et al. [31]. The dependent variables measured were refusal to initiate, refusal to exchange
or consume food, choice of opt-out, and successful exchange with main apparatus. Refusal to initiate was coded if the subjects
did not take the tool out of the apparatus within 30 s of it being made available to them. Out of a total 571 trials, refusals to
initiate occurred in 70 of them and were excluded from the statistical analyses. Refusals to initiate were excluded as the subjects
at this point still did not know which of the two rewards they would be receiving. Therefore, a refusal of inequity is not possible
as they did not know it existed yet [31]. Refusal to exchange was coded when the subject did not reinsert the tool into either
the main or opt-out apparatus within 30 s of removing it. Food refusals were coded if the subject did not consume the food
within 30 s. Refusals to exchange or to consume the food were counted together and occurred 45 times, only 1 of which was a
food refusal. Choice of opt-out was coded when the bonobo inserted the tool into the opt-out apparatus within 30 s of obtaining
it, which happened in 112 trials. Successful exchange was coded when the bonobo inserted the tool into the main apparatus
and obtained the reward within 30 s of obtaining the tool. All coding was done from video recorded during the experiment. A
second rater coded 15% of the videos to reach an interrater reliability with the first coder of 100%. During coding, we also noted
that in two of the trials of a mother who could not be separated from her dependent offspring, her son took the tool out himself
when it became available. The mother, our subject, took the tool from him as soon as she realized and proceeded as she would
normally. Therefore, we included these trials in our data and counted initiation of the trial as the moment she took the tool from
her son.

Lastly, to operationalize affiliative relationships, we conducted group scans [34]. When the bonobos were freely roaming in
their indoor enclosure, every 10 min, we scored proximity and grooming. Proximity was coded as being within an arm’s length
from other individuals; grooming was coded when individuals engaged in going through the fur of another individual using
their fingers (for more details, see electronic supplementary materials).

(e) Statistical analysis
We used generalized linear mixed models (GLMMs) with binomial error distribution and logit link function to model the
probability of refusals in both studies. All models were fitted in R (version 4.2.1 [35]) using the package lme4 and the function
glmer [36]. First, when testing multiple effects at once, full-null model comparisons were conducted to test the overall fit of
the full model and avoid ‘cryptic multiple testing’ using likelihood ratio tests (LRTs) [37]. If the full-null model comparison
indicated a significantly better fit of the full model to the data, then parameter estimates were derived using LRTs with the
‘drop1’ function from the lme4 package. Confidence intervals were obtained with the confint.merMod function (Wald method)
of the lme4 package. Contrasts between levels of factors were assessed with the emmeans package, which adjusts the respective
p-values using the tukey method for comparing a family of n estimates [38]. p-values < 0.05 were considered significant.

(i) Study 1

Here, we replicated the study by Bräuer et al. [20]. We investigated whether bonobos were more likely to exchange tokens
when their partner received the same (equity) versus a better (inequity) food reward. The response variable was yes/no token
exchange (binomial error distribution) in a given trial (‘no’ equates to refusal). In the first model, we tested a main effect model
only, meaning that the only fixed effect we included was ‘condition’ (inequity/equity). This model thus equates to a full-null
model comparison. We included the random intercepts of both bonobos’ identities (subject, partner) including their unique
combination (dyad) to account for repeated testing. In this model, to boost power, we collated the data from the original study
by Bräuer et al. [20] with our data resulting in an effective sample size of 9 subjects, 46 unique dyads and 2027 trials. Two
of the nine subjects were tested in both studies (see electronic supplementary material, table S1), which was accounted for by
the random effects structure [39]. Due to the fact that the original data came without details on trial, session and the order
by which condition was administered, here we focus on the main effect of ‘condition’ and investigate in several ways if the
effect is robust: (i) we tested whether the data from the original study differed from the current study by adding an interaction
between condition and study, which was not significant, indicating that both studies yielded the same effect (LRT: χ2 = 0.91, df
= 1, p = 0.34); (ii) we performed a model stability check in which we re-ran the model with each time a single dyad removed
(with replacement) to assess the impact of certain individuals and dyads on the ‘condition’ estimate; and (iii) we ran a data
simulation to estimate the power of our model to detect a ‘condition’ effect by simulating responses in the context of our model
(thus including the small sample size) and checking to what extent our model was able to retrieve the original estimate (script
available upon request).

In a second model, we investigated whether the probability to exchange was moderated by dyadic relationship quality in
the form of proximity and grooming indices. Here, we were not able to combine the datasets because proximity and grooming
measures were not obtained during the original study period [20]. This single-study focus allowed us also to model the impact
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of trial (z-transformed), session (z-transformed) and order of condition administering, as we did collect these meta-data for
the new sample. To test the moderation effect of relationship quality, we tested the interaction of both the social indices with
‘condition’. We also included ‘sex’ (of subject) to match the analysis of Study 2 (see below), and the interaction between ‘order’
of testing and ‘condition’ to test if refusals were more frequent when subjects were tested in the equity condition first (full
model). As null model, we used the model with trial, session, sex and order of testing (thus omitting the focus variables
‘condition’, ‘grooming’ and ‘proximity’, including their interaction). The random effects structure of both the full and null
model consisted of the intercepts for subject, partner and dyad, as well as the respective slopes for trial and session [39]. The
sample for this model included 6 subjects, 26 unique dyads and 1027 trials. The full model provided a slightly better fit to the
data than the null model (χ2 = 10.78, df = 6, p = 0.095), which we took as justification to explore the effects further (see §3).

(ii) Study 2

Here, we replicated the study by [31]. In the first model, we investigated whether bonobos were more likely to exchange tokens
when the inequity was created in the absence versus the presence of a partner, and whether this differed when the inequity
was created by a human versus a machine. The response variable was yes/no exchange (Bernoulli distribution) in a given trial
(‘no’ equates to refusal). Trial (z-transformed), session (z-transformed) and sex were included as fixed control effects in the
model (null model), as well as the two-way interaction between distributor (human or machine) and partner presence (yes/no),
which was included in the full model. To control for potential effects of the bonobos having their first sessions with or without
a partner, we also included order as a fixed effect into the null model. Furthermore, we included random slopes of partner
presence, session, and trial within both tested bonobos (intercepts), and session and trial within dyad (intercept). The sample
for this model included 6 subjects, 16 unique dyads and 501 trials. The full model provided a better fit to the data than the null
model (χ2 = 16.55, df = 3, p < 0.001). As in Study 1, here we tested for the stability of the results by performing model stability
checks and running data simulations (see (i) Study 1).

Similar to Study 1, in a second model (with only the ‘partner present’ trials), we included the relationship quality variables
proximity and grooming. The sample for this model included 6 subjects, 16 unique dyads and 247 trials. The full model
provided no better fit to the data than the null model (χ2 = 0.96, df = 2, p = 0.618).

In a third model, the response variable was yes/no opt-out use (Bernoulli distribution) in a given trial (‘no’ means they did
not use the opt-out). The fixed effects and random effects were the same as in the first model. The full model provided no better
fit to the data than the null model (χ2 = 2.16, df = 3, p = 0.54).

3. Results
(a) Study 1
Bonobos were significantly less likely to exchange tokens with the experimenter when the partner received better food rewards
compared to when the partner received the same food reward as the subject (LRT, within-subjects main effect ‘condition’: χ2 =
37.78, df = 1, p < 0.001, n = 9; figure 1). In the equity condition, the odds for subjects to exchange tokens were exp(1.18) = 3.25
times larger than in the inequity condition (estimate ± SEM = 1.18 ± 0.20: 95% CI = 0.79–1.56).

We chose to test the condition effect in the strongest possible way, which is by combining the datasets. In this context,
the interaction between condition and study is not significant (p = 0.34; see §2e), and the separate main effects are significant
(original study [20]: χ2 = 34.74, df = 1, p < 0.001; our study: χ2 = 7.06, df = 1, p = 0.008).

Inspection of model stability metrics indicated that the model was stable—the ‘condition’ effect was robust against the
sequential omission (with replacement) of dyads (electronic supplementary material, figure S1). Data simulations additionally
showed that the ‘condition’ effect could be readily identified by the model, which had a power of 0.98 for retrieving the original
condition estimate (electronic supplementary material, figure S1).

Relationship quality affected the probability of refusing to exchange in each condition differently. With increased levels of
grooming between the subject and partner, the subject’s probability to refuse to exchange tokens decreased more in the inequity
condition than the equity one (LRT interaction between ‘grooming’ and ‘condition’: χ2 = 4.48, df = 1, p = 0.034; figure 2).

For every 1-unit increase in standardized grooming (z.grooming), the log-odds of refusal in the inequity condition decrease
by 1.29 units more strongly than in the equity condition. In other words, this indicates that the odds of refusal associated with
increased grooming in the inequity condition are approximately exp(−1.29) = 27.6% of those in the equity condition for the
same level of grooming. However, this was only the case for relationship quality expressed in terms of social grooming, not
for proximity (LRT: χ2 = 1.14, df = 1, p = 0.28). Moreover, inspection of the model stability and data simulation results indicate
that the interaction effect was relatively unstable (electronic supplementary material, figure S3), with the model only reaching a
power of 0.281 to retrieve the significant effect of the interaction between grooming and condition. Thus, the results with respect
to the influence of affiliation on bonobos’ responses to inequity should be considered with caution.

Lastly, we found no significant effect of the order by which the conditions were presented to the bonobos (LRT ‘order’: χ2 =
2.13, df = 1, p = 0.15), nor for trial number (χ2 = 2.44, df = 1, p = 0.12), session (χ2 = 0.46, df = 1, p = 0.49) or sex (χ2 = 0.27, df = 1, p =
0.60).
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(b) Study 2
The probability for bonobos to exchange tokens was dependent on whether a human or machine was distributing the rewards
moderated by whether or not a partner was present (LRT interaction distributor|partner present: χ2 = 9.31, df = 1, p < 0.003).
Specifically, the bonobos refused most frequently in the condition where the rewards were distributed by the machine and the
partner was present to benefit from the better reward (figure 3). In this condition, the bonobos were more likely to refuse than in
the ‘machine|no partner’ condition (estimate ± s.e. = 2.97 ± 0.83, p = 0.002), the ‘human|partner’ condition (Estimate ± s.e. = 4.19
± 1.23, p = 0.004), and the ‘human|no partner’ condition (estimate ± s.e. = 2.32 ± 0.76, p = 0.012; see figure 3).

Inspection of model stability metrics indicated that the model was stable—the interaction effect of distributor and partner
presence was robust against the sequential omission (with replacement) of dyads (electronic supplementary material, figure S4).
Data simulations additionally showed that the ‘distributor|partner’ interaction effect could be readily identified by the model,
which had a power of 0.824 for retrieving the original estimate (electronic supplementary material, figure S5).

Bonobos’ refusal to engage in the token exchange was not moderated by levels of affiliation in terms of proximity and
grooming (i.e. the full model did not provide a better fit to the data than the null model, see §2). Furthermore, we found that
the bonobos were more likely to refuse across sessions (χ2 = 4.45, df = 1, p = 0.035; estimate ± s.e. = 0.93 ± 0.44) and when they
first experienced a condition without a partner (χ2 = 4.26, df = 1, p = 0.04; estimate ± s.e. = −2.32 ± 1.26). We found no statistically
significant effects for sex (χ2 = 0.15, df = 1, p = 0.70) or trial number (χ2 = 2.63, df = 1, p = 0.11).

Figure 1. Bonobos refuse to exchange (y-axis) more when their partner receives better food rewards (inequity condition; x-axis), although this result was unstable (see
(a) Study 1). Depicted are the model-derived predicted values, including their 95% CIs (vertical lines extending from the large dots representing the mean).
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Figure 2. Bonobos’ refusal to exchange (y-axis) decreases steeper with increasing measures of social bonding in terms of grooming relationship quality (x-axis) in the
condition where the rewards were distributed unequally (partner receiving better food reward). Depicted are the actual data (dots) including their model-derived trend
lines.
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4. Discussion
Bonobos responded negatively to unequal reward distributions in two experimental paradigms by refusing to exchange tokens
more frequently when they were disadvantaged in terms of the relative reward quality that they received. In both paradigms,
the apes were required to put effort into the experiment, which has been established as a prerequisite to elicit IA in other
species (e.g. see [18]). Moreover, their reluctance to exchange tokens when faced with unequal reward distributions could not
be explained by the social disappointment effect, which has recently been identified as an alternative explanation for earlier
findings on IA in chimpanzees [31].

Our first study, in which the bonobos refused to exchange the token more often when they were unequally versus equally
rewarded to their partner, was a replication of an earlier study on IA in bonobos [20]. In the context of replication, we
identified a consistent pattern between the original and our replicated findings with bonobos refusing more in the inequity
compared to the equity condition. The protocol of the original study [20] was an improved version of previous studies on
IA in primates (e.g. capuchin monkeys [11]) in that the paradigm was able to control for the presence of the preferred food
and order effects of testing. This was done by having both types of food visible in both the equity and inequity conditions
and by randomizing the order of the conditions tested within each dyad, respectively. This original study [20] tested three
species (bonobos, chimpanzees, and orangutans), which, pooled together, showed no evidence of IA, yet showed that bonobos
exhibited the highest rate of refusals ([20] figure 1). This finding is supported by the recent evidence of Verspeek & Stevens
[30], who also found indications that bonobos respond aversively to inequitable reward distributions [30]. Yet, importantly, the
methodologies in both these studies did not control for the social disappointment hypothesis or the expectation of receiving the
food caused by moving the preferred food in the presence of the subject (i.e. there was no non-social control). These important
caveats were addressed by our second study.

In our second study, we used the paradigm that has recently been used to show that chimpanzees are not necessarily
inequity averse, but are instead sensitive to the actions of the human experimenter [31]. In contrast, in the current study,
bonobos most frequently refused when they were disadvantaged and paired with a partner who received a reward from the
machine. This finding challenges the idea that their refusals are driven by social disappointment. Interestingly, however, while
the bonobos showed higher refusal rates in the inequity condition when rewards came from the machine, they did not exhibit
a similar increase in refusals in the human condition, which is both intriguing and difficult to interpret. This is especially so
in light of the results from Study 1, in which the bonobos refused to exchange more often when confronted with an unequal
reward distribution presented by a human experimenter, leading one to expect the same outcome in the human condition of
Study 2. We do not currently have a plausible explanation as to why this lack of refusals occurred in the human condition. We
speculate that chimpanzees and bonobos may engage in different interactions with the experimenters, where chimpanzees may
respond under the assumption that the experimenters may change their behaviour (despite them being consistent in providing
the same quality rewards across conditions, contrary to Study 1), while the bonobos may not be triggered by this abstract
possibility (cf. Study 1, in which the bonobos experience the distinction in reward quality first hand), and/or adhere more docile
to the experimenters’ provisioning decisions. A research design to explore this possibility could incorporate humans preparing
the rewards yet leaving the room before the bonobos actually receive it. For now, given the consistency of results of Study 1 and

Figure 3. Bonobos refuse to participate most frequently in the condition where the rewards are distributed by the machine (green) and the partner is present (right)
to benefit from the (better) reward. Depicted are the model predictions for refusal rates (y-axis) for all conditions (x-axis). Circles represent the point estimates, the
extending vertical lines represent the 95% confidence intervals.
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the machine condition of Study 2, we cautiously interpret the bonobos’ responses as another empirical argument in favour of IA
in bonobos (also see [30]), while stressing the need for further research.

Bonobos have been reported to be more tolerant than chimpanzees, possibly leading to more effective cooperation strategies
[40] (but see [41] for some nuance)—this difference in social propensities may mean that bonobos have a higher sensitivity
to inequity than chimpanzees, which could account for the opposing findings. Alternatively, these opposing findings may
be circumstantial, and both bonobos and chimpanzees may (sometimes) behave aversively towards inequity, dependent on
group dynamics. Although the studies that have reported IA in chimpanzees (e.g. [18,42]) may reflect that chimpanzees can
be sensitive to inequity, the lack of relevant control conditions in those studies dictates caution in interpreting those results.
Based on the theorized link between cooperation and IA [22,43], it is conceivable they are sensitive to unfairness given that
chimpanzees are known to engage in cooperation frequently and in diverse contexts [44,45].

Interestingly, in Study 1, we also found that closely affiliated dyads were more tolerant of inequity, as they refused to
exchange less in the inequity condition when paired with more closely bonded partners (Study 2 did not show any effect of
affiliation, likely due to a lack of power). Humans report using communal need-based principles for the distribution of benefits
with those they have close relationships with, while resorting to distributive justice principles of equity with those they do not
[9]. However, there is also experimental evidence showing that humans have a greater dislike for unfair offers from friends
than strangers [10]. In line with this, male marmosets only display IA with their pair-bonded mates [46]. In our paradigm,
the subject was not receiving an offer from the partner but the experimenter. Despite this, the effect of partner affiliation
in Study 1 suggests that the subjects might be responding to the perceived unfairness of their partner receiving a different
reward. Specifically, they may be more tolerant of their partner receiving an unequal reward when that partner is a close friend,
regardless of who is offering it.

Notably, we measured affiliation in two different ways: grooming and proximity rates. The effect of affiliation was found
only with the grooming network, not with proximity. This finding supports the idea that different methods of measuring
affiliation may reflect different aspects of relationships [47], which in turn may explain the conflicting results within and across
species. In an IA study with dogs, when affiliation was measured by whether they slept with body contact, the dogs required
more commands to complete the task when paired with conspecifics they were highly affiliated with; when affiliation was
measured by food tolerance in the same study, there was no correlation to negative responses to inequity [48]. Additionally,
with chimpanzees, the quality of relationships, based on a weighted average of grooming, contact and proximity, did not
correlate with refusals to exchange. Nonetheless, pairs that had lived together longer were less likely to refuse in the inequity
condition [33,49].

Humans, chimpanzees and bonobos are closely related, so similar behavioural patterns might be expected across these
species. However, bonobos exhibit distinct tendencies. Unlike humans, who favour familiar individuals, bonobos show an
attention bias towards strangers [50,51]. They also share food with unfamiliar individuals, unlike chimpanzees [52]. Based on
these behaviours, it might be expected that bonobos would tolerate inequity more from strangers. Yet, our findings suggest
otherwise. On the other hand, as our findings were based on an unstable statistical model, further research is needed to clarify
the role of affiliation in IA.

There were a few limitations in our study. The first is the fact that due to having to re-test the machine-alone condition, all
subjects started with the partner-present trials in the machine condition, which exhibited the most elevated refusals. The lack of
counterbalancing warrants caution when interpreting the results, though it should be noted that the data from the incomplete
testing trials produced very similar results as the repeated tests that were executed completely. We also had a small sample size,
which is a common issue with experimentally testing captive primate groups. We attempted to alleviate this issue as much as
possible by combining our new dataset with the original one from Bräuer et al. [20], and assessing the power of our models
with post-hoc data simulations. Yet, testing multiple groups of bonobos is important both to increase sample size and to account
for the varying responses given by different groups and populations [53–55]. Furthermore, in Study 2, due to time and logistic
constraints during testing, we could not keep the partners for each subject consistent. Consistency would have been better for
the sake of more accurate replication of the original study [31]. Moreover, the greater mix of partners may have obscured an
effect of affiliation on refusals, as there were much fewer trials per partner to be analysed compared to Study 1. Lastly, to assess
the form and function of IA more naturalistically, a paradigm in which dyads directly cooperate with each other may be more
valid. Similarly, the current exchange paradigms do not allow the subjects to change their situation, rendering their refusals
somewhat futile (also see [24]). If the subjects indeed perceive the futility of their actions, this limitation may partly explain the
relatively low number of refusals throughout both studies. This issue could be solved by ultimatum games in which reward
distributions can be accepted or refused by the subject (e.g. [56]), or by paradigms in which the subjects can actively alleviate
their disadvantaged predicament [57]. Therefore, the findings, while partially suggestive of IA, must be interpreted cautiously
due to the above-listed limitations.

Despite these limitations, our findings, in conjunction with the recent study by Verspeek & Stevens [30], suggest that
bonobos may be sensitive to unfair treatment as per the IA responses known in humans. Such a shared trait has implications for
evolutionary hypotheses, as it may reflect either the preservation of an ancestral mechanism for promoting cooperation in the
hominoid and hominin lineages or the independent evolution of this behaviour in response to similar social pressures. Given
that IA seems to be absent in the other Pan species (chimpanzees) [25,31], the results speak to convergent evolution rather than
evolutionary preservation, in which case it would be logical to assume its presence as well in the chimpanzee. Furthermore, as
bonobos are a highly cooperative species [27,28], our findings are consistent with the idea that IA evolved as a mechanism to
stabilize and maximize the payoffs of cooperation, although this would be true for chimpanzees as well [40,58]. More research is
needed to resolve this matter, perhaps with a wider range of observational approaches (e.g. [59]), and experimental tests in the
context of cooperative exchanges between the two interactors rather than with a third partner.
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