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Abstract

Studies on human cooperation using economic games rarely include ecologically relevant

factors. In studies on non-human primates however, both status and sex typically influence

patterns of cooperation. Across primate species, high status individuals are more likely to

cooperate, though this depends on the species-specific social structure of each sex. Based

on human social structure, we predict that higher status males who interact more in hierar-

chical groups than females, will invest more than high status females in valued same-sex

peers after successful cooperation. Across three studies, 187 male and 188 female partici-

pants cooperated with a (fictitious) same-sex partner who varied in competence. Partici-

pants then divided a reward between themselves and their partner. High status was induced

in three different ways in each study, social influence, leadership and power. No overall sex

difference in reward sharing was observed. Consistent with the hypothesis however, across

all three studies, high status males invested more than high status females in cooperative

partners, suggesting that high status males intuitively evaluate sharing rewards with same-

sex partners as more beneficial.

Introduction

Cooperation between unrelated individuals, which cannot be explained by kin selection, has

generated intense interest. Utilizing computational models and economic games, researchers

across evolutionary biology, mathematics, neuroscience, economics, military science, govern-

ment, and psychology, have investigated the reasons individuals choose to cooperate and share

rewards with unrelated individuals, rather than free-riding [1–3].

Research on non-human primates in natural and captive settings has identified several fac-

tors that influence cooperation: dominance status, kinship, sex, age, and friendship and the

social structure of the species [4, 5]. Computer simulations and simple economic games of

human cooperation however rarely incorporate these factors. Only sex has been extensively
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studied in economic games, and no consistent sex differences in cooperation have been identi-

fied [6–8]. In the following studies, we investigate the hypothesis of an interaction between sex

and status, such that high-ranked males will be more generous when sharing a reward after

cooperation than high-ranked females.

There is evidence from a variety of sources that status has an effect on cooperative behavior.

In non-human primates, when individuals cannot obtain a reward on their own, they typically

choose one other dominant individual with whom to cooperate [5]. For example, in chi-

mpanzees (Pan troglodytes), one of humans’ closest living genetic relatives, community males

interact in hierarchical groups. When too many females are present for the alpha to guard,

cooperative mate guarding followed by sharing matings typically occurs between the alpha

male and the second ranked male [9]. High-ranked males also cooperate with lower-ranked

males in exchange for coalitional support in agonistic encounters or more generally to main-

tain their status [10–12]. Across primate species, cooperation and reward sharing most fre-

quently occur between two individuals, and between the alpha and other higher-ranked

individuals [5]. The few studies examining human behaviour using an economic game have

found similar interactions [13, 14]. These have shown that only individuals who are not strong

enough to win a reward on their own chose to cooperate. In addition, when given a choice,

individuals chose to cooperate with a single higher status individual. Thus, both nonhuman

primates and humans choose coalitional partners in order to maximize the probability of

obtaining a reward.

Importantly, cooperative behavior also depends on social structure. When individuals of a

species form stable groups, cooperation is more frequent and a cooperative partner’s value is

higher [15]. This occurs among chimpanzee males, where many males of the community

cooperate to protect their territory from or aggress against hostile neighboring communities

[16] as success is based on numerical advantage [17].

Critically, among humans, there is clear evidence that sex and social structure interact. Like

chimpanzee males, much research indicates that human males form large stable groups, while

human females interact in unrelated dyads from an early age across a variety of cultures [18–

21]. Further, within a group, males typically organize themselves hierarchically beginning in

childhood [19, 21–23]. Similarly to chimpanzee males, much human male competition occurs

between competing groups, which share a dominance hierarchy controlled by high status indi-

viduals [24]. This suggests that high status males should place a greater value on cooperative

partners than would be expected solely by their objective value. By contrast, human females

are more likely to enter into exclusive dyadic relationships [25] which are more stable when

partners are of equal rank [26].

Although empirical evidence with humans is scarce, there is some evidence suggesting that

high status human males are more likely than high status females to cooperate with lower sta-

tus same-sex individuals. Specifically, cooperation between professors in the same department

on a joint publication was found to be more common between higher and lower status men

than between higher and lower status women [27]. In contrast, high status male and female

professors were just as likely to cooperate with same-sex individuals of identical high status.

Other studies suggest that high ranked females and males interact differently in cooperative

settings, with high status male classmates interacting more equally with unrelated same-sex

classmates than high status females both in early childhood [28], and in middle childhood

[29]. Several studies additionally demonstrate that compared with higher-status women,

higher-status men perceive lower-status same-sex peers more positively [30, 31]. However,

although suggestive, a more direct measure of how much high status males and females value

cooperative partners is given by reward sharing following cooperation, something that, to our

knowledge, has not been directly examined.

High status males share more than high status females
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There exist several aspects of economic behavior in which there are well-documented sex

differences (see [32] for a review). There is however little direct evidence for sex differences in

cooperative behavior [6, 7, 33], although see [34]. To our knowledge, status has not been

included in any study of cooperative behavior despite being considered perhaps the most

important factor that predicts cooperation in non-human primates [5].

The aim of the following studies was thus to examine the interaction between status and

sex. In humans, high status results from a variety of sources, including positions of leadership

or power [35], prestige or dominance [36], or any form of social influence. Because high status

takes such differing forms, we defined status using separate definitions in each of the three fol-

lowing studies: social influence, leadership, and power. We specifically tested the hypothesis

that higher status men would choose to invest more than higher-status women in lower-status

same-sex individuals with whom they had cooperated to obtain a reward. To avoid any poten-

tial influence of prior experience, we created de novo three experimental games in which we

could manipulate status and partner value in a neutral setting with anonymous partners. In

each game, we modelled a situation in which a participant and a partner each make an indi-

vidual, quantifiable contribution to a joint task, and as a consequence of this, receive a joint

reward. The participant is then asked to distribute the reward between themselves and the

partner. This basic situation is a form of dictator game with joint production, where the pro-

duction phase involves obtaining a reward as a function of the combined efforts of two part-

ners [37]. This was designed to model behavior in an organizational setting, where a task is

split up into components, but rewards are distributed by a single individual. In each game, sta-

tus is manipulated experimentally. Partners differed in the extent to which they contributed to

the joint results, with the constraint that the relative contribution of the partner was either

equal or inferior to that of the participant. This was done in order to avoid any overt conflict

between high status and relative competence. These games did not examine the decision to

cooperate, but looked at reward distribution following cooperation.

In our first study, we aimed to create an entirely gender-neutral context so that potential sex

differences in responses to contents, talent, and attitudes towards compensation would be mini-

mized. In this, we presented participants with a series of situations each of which showed the par-

ticipant and one fictitious same-sex partner. Participants were informed on screen that the pair

had succeeded in doing an unidentified joint task, and were asked to distribute a reward between

themselves and the partner. Three dimensions were varied. Relative status of the participant was

manipulated by varying the description of the participant as influential or not and was a between-

subjects variable. For each situation, the competence level of the participant (expressed as the

probability of the participant being able to finish the task alone) and that of the partner was

shown. The relative difference in competence levels between participant and partner was varied as

a within-subjects variable. In addition, for each situation, the reward (in points) given for success-

fully completing the task was shown, and was also varied as a within-subjects variable.

Study 1

Method-study 1

44 female and 44 male Canadian undergraduate students participated individually. After the

study was explained and verbal consent obtained, the participant was seated at a computer

which provided all instructions. Initially, the computer randomly assigned the participant to

either the high or low status condition. In this study, status was defined as exerting influence

over a group of same-sex individuals. Half of the participants of each sex were randomly

assigned to the high or low status condition. In the high status condition, participants were

asked to imagine that they belonged to a group in which they wielded the most influence:

High status males share more than high status females
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Imagine that you belong to a group of same-sex students. In this group, you are the person

with the most influence. Whenever you suggest an activity, the others always find your sug-

gestions to be excellent. When you dislike someone who is not in your group, the others

end up sharing your evaluation.

In the low status condition, participants were told that they belonged to a group in which

they wielded the least influence:

Imagine that you belong to a group of same-sex students. In this group, you are the person

with the least influence. Whenever you suggest an activity, the others always find your sug-

gestions to be really bad. When you dislike someone who is not in your group, the others

never share your evaluation.

After assignment to a status condition, participants then completed 12 trials, each of which

described the results of cooperating with a fictitious partner. On each trial, the screen displayed

an icon representing the participant and a fictitious partner. All icons depicted faces of the

same sex as the participant. Under each icon was a number constituting the probability of

being successful at completing the task on their own (i.e. their competence level), and the

amount of the reward that could be gained by cooperating (expressed in terms of points).

Three quantities of rewards were provided: 10, 20 or 40 points. The participant then was

informed that the pair had done well enough to merit a reward. The participant then had to

indicate how much of the reward to allocate to his or her partner. Note that in this experiment,

points were not translated into any concrete rewards.

The participant’s probability of being successful on his or her own ranged from high

(between 80 and 90%) to moderate (between 50 and 60%). This was done in order to keep a

range of possible values, while insuring that participants’ competence levels were never less

than partners’ competence levels. For a similar reason, partner’s probability of being successful

varied from moderate (between 50 and 60%) to small (between 10 and 20%). On each trial, the

partner’s competence level was either equal to, moderately less than (40 percentage points

less), or much less than (70 percentage points less) the participant’s competence level. There

were four combinations of relative competence: (1) Equality- participant and partner both had

equally moderate competence levels, (2) Moderate superiority high- participant had a high

competence level and the partner had a moderate competence level with a difference of 40, (3)

Moderate superiority low- participant had moderate competence level and partner had a low

competence level with a difference of 40, and (4) Large superiority- participant had a high

competence level and partner had a low competence level with a difference of 70.

Results-study 1

Preliminary analysis using a repeated measures Anova showed that amount of the reward

exerted no effect, F(2, 83) = 1.57, p = n.s., and the two moderate superiority conditions yielded

virtually identical behavior (M = .358 vs M = .360). Therefore, we averaged across amount of

reward and across the two moderate superiority conditions. We then conducted an analysis

of variance (ANOVA) with the mean proportion of reward shared with the partner as the

dependent variable, relative competence of the participant (equal, moderate superiority, large

inequality) as the repeated measure, and sex and status (social influence) as independent vari-

ables. This produced a significant effect of Status, F (1, 84) = 8.21, p< .01, and significant

interactions between Status X Relative competence, F (2, 83) = 3.54, p< .05, and between Sex

X Status, F (1, 84) = 4.28, p< .05.

High status males share more than high status females
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Tukey’s tests, p< .05, demonstrated that high influence males (M = .38, SE = .03) shared a

significantly larger proportion of their rewards across all relative competence levels than did

high influence females (M = .29, SE = .04), see Fig 1. Low influence females (M = .43, SE = .02)

and low influence males (M = .40 SE = .03) did not differ from high influence males in how

much they shared, but all three groups shared significantly more with their partners than high

influence females did.

Analysis of the status X relative competence interaction was done using Tukey’s tests, p<
.05. This showed that high influence participants shared less than low influence participants

when relative competence was largely unequal (High influence: M = .29, SE = .03; Low influ-

ence: M = .40, SE = .02) and when relative competence was moderately unequal (High influ-

ence: M = .32, SE = .02; Low influence: M = .40, SE = .02). No significant difference was

obtained when relative competence was equal (High influence: M = .38, SE = .03; Low influ-

ence: M = .45, SE = .02). Further, among high influence participants, sharing was significantly

higher with equal relative competence than with moderate unequal relative competence,

which was in turn higher than with highly unequal relative competence. Among low influence

participants, sharing was higher with equal relative competence than with moderately unequal

relative competence, but there was no significant difference between moderately unequal and

highly unequal relative competence.

Study 1 showed that after a fictitious cooperative task, high status men reported that they

would invest more in fictitious partners than high status women. While interesting, these

results are purely hypothetical since they rely on a scenario with no actual rewards. In Study 2

therefore, we simulated real cooperation with a partner and asked participants to distribute

actual monetary rewards.

Study 2

The goal of the second study was thus to simulate a situation in which a high status individual

distributed rewards to a high or low performing partner after a cooperative activity. To this

end, we modified a task created by Bediou et al. [37], in which the participant and a (fictitious,

but realistic) same-sex partner separately performed an academic task, with their combined

performances determining whether or not they would earn a monetary reward. Following past

studies, every effort was made to make the simulation appear as realistic as possible [38], and

Fig 1. Mean (and SE) proportion of reward shared by males and females with high and low influence

in Study 1. High influence males share more than high influence females with same-sex partners of all levels

of competence.

https://doi.org/10.1371/journal.pone.0185408.g001
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no participant questioned its veracity. Participants were informed that partners were fictitious

after the experiment was terminated.

In this study, on each round, participants completed a time-limited quiz, after which an

anonymous (and fictitious) partner also completed the same quiz. Participants were informed

that if the combined performance of the two exceeded a set limit, the pair would receive a

monetary reward ($3), which was to be distributed by the participant. Each participant did two

such rounds, for both of which the reward was given. Previous results [37] have shown that in

a similar situation, reward sharing reflects the partner’s relative contribution. We thus varied

this factor. On one of the rounds, the partner’s score was only 1 point less than the participant

(high performing partner), while on the other the partner’s score was 1/3 of the participant’s

score (low performing partner), with the order systematically inverted. Relative performance

of partner was thus a within-subjects variable, while order was a between-subjects variable. Sta-

tus was manipulated by inducing a leadership set. Half of the participants were told that they

were the leaders due to their superior performance and were in consequence responsible for

the distribution of the reward (on both rounds), while the other half were simply told to dis-

tribute the reward with no other instructions (control condition). Status was thus a between-

subjects variable.

Method-study 2

Each participant completed two computerized tasks in which a reward was contingent on both

the participant and a (fictitious) anonymous same-sex partner’s performance. On one of the

two tasks, the partner performed almost as well as the participant, while on the other task, the

partner performed much more poorly than the participant. The order of the tasks was counter-

balanced within sex.

93 female and 93 male students participated. After verbally consenting to participate, a par-

ticipant was seated in front of a portable computer which displayed a set of instructions on the

screen (see S1 Text for the complete set of instructions for Study 2). These stated that the par-

ticipant would be working on two successive sets of problems in collaboration with two differ-

ent anonymous same-sex students. These students were described as being elsewhere in the

building, but would be working at the same time as the participant. On each task, if combined

score of the participant and the anonymous partner were high enough, the team would be

awarded a total of $3 for each trial. At the end of each problem set, after the combined results

were calculated, participants were told that their team would be given the money they had

earned. The participant then was given an example of the two problem types- math and verbal.

Math problems involved additions, such as 257+87. Verbal problems presented scrambled let-

ters, and participants would choose which one of a set of words that used the same letters, e.g.

tfor; fort, fore). Additionally, participants were told that the anonymous peer with whom they

were cooperating would also complete similar problems sets jointly with partners other than

the participant. They were told that each cooperative partner would be receiving money from

several other cooperative situations, and would not know how much money they had received

from the participants.

Once the participant indicated that she or he understood the goal and the situation, the

experimenter simulated a call to another experimenter seemingly to ensure that the partner

would begin work on the problem set at the same time as the participant. The experimenter

then left the participant to complete the problems on the computer. After the participant fin-

ished one problem set, a message appeared on the screen that the computer was contacting the

network in order to find the score of the partner accompanied by a blinking signal typically

used to indicate an ongoing computer process. After 30 seconds, the scores of the participant

High status males share more than high status females
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and the fictitious partner were exhibited on the screen in two bar graphs (the length of the bars

were identical irrespective of the actual scores). The bar showing the participant’s score gave

the real number of successful problems. High performing partners were shown as having one

point less than the participant. Low performing partners were shown with about 1/3 of the par-

ticipant’s scores (see Fig 2). On each of the two sets, each of which involved a different ficti-

tious partner, participants were informed that their team had accumulated enough combined

points to earn the $3.

Each computerized problem set consisting of 30 short math and verbal problems, which

had been pretested for this population (mean number correct = 17). Participants were given 1

minute to do as many problems as possible. Pretesting ensured that participants really believed

that they were cooperating with a same-sex individual in another room at their college [38].

Each participant was paired with two partners, one who performed almost as well as the

participant (high performing) and the other poorly (low performing), with the order of the

partner’s competence counterbalanced within sex. In each case, participants were told that the

combined scores of the participant and their partner was sufficient to obtain the reward. After

the participant viewed her or his score and that of the fictitious partner, a final set of instruc-

tions was given. 46 females and 46 males were randomly assigned to the leadership condition,

with the remaining participants assigned to the control condition. In the leadership condition,

after being shown their own and their partner’s performance, participants were told that

because they had performed better, they were the team’s leader and must determine the alloca-

tion of payoffs. In the control condition, after being shown their own and their partner’s per-

formance, participants were simply asked to allocate the payoffs. Accordingly, after each

problem set, the participant had to indicate on the screen how much of the $3 they would like

to keep and how much to give to their partner in increments of 10 cents. At the end of each

problem set, the experimenter gave participants the money the participants indicated that they

kept for themselves. Money donated to partners was put into two separate envelopes, suppos-

edly to be distributed subsequently to the two partners.

Fig 2. Examples of presentation of relative performance with high and low performing partners. Top of

figure is a screen shot with a high performing partner (29 points), bottom is a screen shot with low performing

partner (5 points)

https://doi.org/10.1371/journal.pone.0185408.g002
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Results-study 2

Preliminary regression analyses determined that there was no relation between actual perfor-

mance on the tasks and sharing, F(1,1) = 2.50, p = n.s. We then conducted an ANOVA with

amount of money shared with the partner as the dependent variable, relative competence of

the participant (high or low performing) as the repeated measure, and sex, order and status

(leadership, control) as independent variables. This yielded significant main effects of partner’s

performance, F (1, 178) = 7.42, p< .01, a significant two-way interaction between Partner’s

performance X Order, F (1, 178) = 8.27, p< .01, and a significant 3-way interaction between

Gender X Status X Partner’s performance, F (1, 178) = 8.65, p< .01. Post hoc analyses were

computed using Tukey tests with p< .05.

Overall, participants shared significantly more money with high performing (M = 1.58,

SD = 0.71) than low performing partners (M = 1.39, SD = 0.76), although this was modulated

by order. When participants were initially paired with a high performing partner, they

rewarded the low performing partner (M = 1.24, SD = 0.77) significantly less than the high per-

forming partner (M = 1.63, SD = 0.82). In contrast, when participants were initially paired

with a low performing partner, there was no such effect (low performing: M = 1.53, SD = 0.73

high performing: M = 1.53, SD = 0.57).

Analysis of the three-way interaction showed that male leaders (M = 1.77, SD = 0.64) shared

significantly more with high performing partners than female leaders did (M = 1.39, SD =

0.82), see Fig 3. In the control condition, men (M = 1.52, SD = 0.64) and women (M = 1.65,

SD = 0.69) did not differ in degree of sharing with the high performing partner. No sex or sta-

tus differences occurred in amount of sharing with the low performing partner.

Again, high status males again invested more than high status females but only in high-per-

forming partners. Interestingly, the order effect showed that sharing was strongly affected by

the relative difference in competence between partners. When participants started with a high

performing partner, they rewarded the low performing partner less. This was not the case in

the opposite order, probably because the initial reward was quite high and participants were

reluctant to go beyond this level when faced with a more competent partner. The strength of

this study was that participants actually enacted the role of leader, so that it was not imagined

as in Study 1. As indicated in the introduction, status has differing definitions, and we thus

replicated this study using a third measure of status—power.

Fig 3. Mean (and SE) amount shared (out of a total of $3) by male and female leaders and controls

with high and low performing partners in Study 2. Male leaders share more than female leaders with

subordinate but high-performing same-sex partners.

https://doi.org/10.1371/journal.pone.0185408.g003
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Study 3

Method-study 3

51 female and 50 male students participated. After giving verbal consent, they were seated at a

computer which provided instructions. Participants followed the same basic procedure as in

Study 2 except that the high-performing partner was always first followed by the low-perform-

ing partner, and with a different status manipulation. Participants were placed either in the

powerful or powerless condition, which was established by using previously verified implicit

priming procedures. 27 females and 26 males were randomly assigned to the powerful condi-

tion, and the remainder to the powerless condition.

The basic design was identical to that used in Study 2, with the same monetary rewards, etc.

The only difference was that the leadership manipulation was replaced by two priming proce-

dures that were used to manipulate perceived power. The first procedure was used before par-

ticipants engaged in the collaborative activities, and was based on the procedure devised by

[39]. Participants in the powerful condition were asked to write down an episode in which

they had control over other people. In the powerless condition, participants were asked to

write down an episode in which they were obliged to defer to someone else. In addition, fol-

lowing the procedure of [40], in the powerful condition, the six words at the beginning of in

the scrambled word tasks that were part of each of the two quizzes were modified to spell out

high power words (these were influence, authority, wealth, chief, dominant, control; translated

from the original French). In the powerless conditions, six words of the scrambled word tasks

formed low power words (incapacity, obey, submission, cede, oppressed, enslaved). The high

and low power words were chosen from a larger selection of words that were evaluated by an

independent group of representative participants.

Results-study 3

We then conducted an analysis of variance (ANOVA) with the amount of money shared with

the partner as the dependent variable, relative competence of the participant (high or low per-

forming) as the repeated measure, and sex and status (powerful, powerless) as independent

variables. This yielded significant main effects of partner’s performance, F (1, 97) = 13.77, p<

.001, and a significant two-way interaction between sex X status, F (1, 97) = 4.32, p< .05. Post

hoc analysis were performed using with Tukey’s test, p< .05.

Again, participants shared significantly more with the high performing partner (M = 1.39,

SD = 0.45) than the low performing partner (M = 1.19, SD = 0.63). Further, powerful males

shared significantly more with high and low performing partners combined, out of a total of 6

(M = 2.59, SD = 1.04) than powerful females did (M = 2.20, SD = 0.82) as (see Fig 4).

Discussion

Sex and status are powerful determinants of cooperative behavior in non-human primates. To

our knowledge, no studies have examined the interaction between these factors. In three stud-

ies, we examined the hypothesis that high ranked males would be more invested in a coopera-

tive partner than high ranked females. Consistent with our hypothesis, the results of all three

studies show that after a successful cooperative task, high status males do indeed share more

than high status females with same-sex partners. In contrast, no differences were observed

between low status males and females in investment in same-sex peers. Further, in Studies 1

and 3 high status males invested more than high status females in both high and low perform-

ing subordinates, although in Study 2, this difference was found only with higher performing

partners. The effect occurred using three different instantiations of high status. In Study 1,
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participants were asked to imagine that they were the most influential member of a group; in

Study 2 participants were told that they were the leader due to their higher performance on the

joint task and in Study 3, they were given two different forms of power prime. In both Studies

2 and 3, participants shared monetary rewards with their partners, believing that their success

was due to their joint efforts. Results are consistent with the interpretation that during a coop-

erative venture, high status human males are more predisposed than high status females to

value the maintenance of a group and thus are willing to donate more of a joint reward to a

partner.

It is useful to put these results into a wider context. Although status is a complex idea, one

underlying component is priority of access to resources [41]. This would lead to the simple

expectation that in most situations involving sharing of rewards, high status individuals would

tend to retain a larger share. This is generally consistent with the behavior of the high status

females in these studies. The behavior of the high status males thus appears to be somewhat

anomalous, since they show a stronger tendency to a more altruistic level of sharing than their

rank would suggest. Our hypothesis here is that high status males are using increased altruistic

sharing as a way to increase the social bonding of lower status individuals to an (intuitive)

group. The fact that sharing was somewhat more consistent with lower status and higher per-

forming partners than with lower status and lower performing partners (although this was

only found in Study 2), reinforces this idea, since high performing partners would be relatively

higher value group members. Such a mechanism is similar to the notion of sharing-to-en-

hance-status proposed by Brosnan and de Waal [42], which suggests that altruistic sharing can

sometimes be explained by associated benefits to the sharer, despite the loss of resources.

Although the exact proximal mechanism remains an open question, our results do show that

high status males are more willing to sacrifice some of the advantages of high status in order to

reward a cooperative partner, more so than high status females.

It is also useful to note that in all three studies, sharing was generally greater when putative

partners contributed more to the cooperative activity (although this was modulated by the

order effect found in Study 2). These results were consistent with those of other studies using a

different paradigm [34], and indicate that our participants were both attentive to the details of

the information provided, and were making rational decisions. It is also interesting to note

that there were clear differences in the extent to which participants donated more than half of

the total reward. In Studies 2 and 3 which used real money, the percentage of participants

Fig 4. Mean (and SE) amount shared (out of a total of $6) by powerful and powerless males and

females across partners in Study 3. Powerful males share more than powerful females with subordinate

same-sex partners of all performance levels.

https://doi.org/10.1371/journal.pone.0185408.g004
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doing so was 16.7% and 6.0% respectively. Since these tasks varied mostly by the way that sta-

tus was instantiated, this difference was probably due to this factor, although which aspects

were involved remains an open question.

These results have some practical implications. Cooperative activities are at the heart of

modern economic activity. Most companies also have clear hierarchical structures, with insti-

tutionalized status markers. Our results show that high status males are more willing to forgo

some of the advantages of status in order to reward collaborators, which would have the associ-

ated effect of increasing the bonding of the latter to the group led by the high status male. Cou-

pled with the increased tendency of high status males to actually cooperate with lower status

peers [26], this implies that males have some clear intuitions that lead to an emphasis on group

interactions, something that is particularly important for advancement within a modern cor-

porate structure.

The current results conform closely to the theoretical prediction that the structural proper-

ties of human females’ and males’ relationships facilitate different types of investment. If this

interpretation is correct, then promoting group identity, and reducing the intense focus on

one individual at a time, could encourage high-ranked females to invest more heavily in their

lower-ranked peers. Simply raising high status girls’ and women’s awareness of potentially

intuitive reactions to low status same-sex individuals also could exert a strong impact on

young girls’ and women’s advancement across contexts. Future research is necessary using

objective measures of status, competence, and level of investment in other contexts, such as

business, the military, government, and educational and religious organizations, to validate

and permit generalization of the results.
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Writing – original draft: Henry Markovits.

Writing – review & editing: Henry Markovits, Joyce F. Benenson.

References
1. Nowak MA. Five rules for the evolution of cooperation. Science. 2006; 314(5805):1560–3. https://doi.

org/10.1126/science.1133755 PMID: 17158317

2. Von Neumann J, Morgenstern O. Theory of Games and Economic Behavior (Commemorative Edition)

(Princeton Classic Editions). 2004.

3. Camerer C. Behavioral game theory: Experiments in strategic interaction: Princeton University Press;

2003.

4. Kappeler PM, Van Schaik CP. Cooperation in primates and humans: Springer; 2006.

5. Bissonnette A, Perry S, Barrett L, Mitani JC, Flinn M, Gavrilets S, et al. Coalitions in theory and reality: a

review of pertinent variables and processes. Behaviour. 2015; 152(1):1–56.

6. Eckel CC, Grossman PJ. Differences in the economic decisions of men and women: Experimental evi-

dence. Handbook of experimental economics results. 2008; 1:509–19.

7. Balliet D, Li NP, Macfarlan SJ, Van Vugt M. Sex differences in cooperation: A meta-analytic review of

social dilemmas. Psychological Bulletin. 2011; 137(6):881–909. https://doi.org/10.1037/a0025354

PMID: 21910518

8. Henrich J, Heine SJ, Norenzayan A. The weirdest people in the world? Behavioral and Brain Sciences.

2010; 33(2–3):61–83. https://doi.org/10.1017/S0140525X0999152X PMID: 20550733

9. Watts DP. Coalitionary mate guarding by male chimpanzees at Ngogo, Kibale National Park, Uganda.

Behavioral Ecology and Sociobiology. 1998; 44(1):43–55.

10. Duffy KG, Wrangham RW, Silk JB. Male chimpanzees exchange political support for mating opportunities.

Current Biology. 2007; 17(15):R586–R7. https://doi.org/10.1016/j.cub.2007.06.001 PMID: 17686425

11. Muller MN, Mitani JC. Conflict and cooperation in wild chimpanzees. Advances in the Study of Behavior.

2005; 35:275–331.

12. De Waal F. Chimpanzee politics: Power and sex among apes. Baltimore, MD: Johns Hopkins Univer-

sity Press; 1982.

13. Benenson JF, Markovits H, Thompson ME, Wrangham RW. Strength determines coalitional strategies

in humans. Proceedings of the Royal Society B: Biological Sciences. 2009; 276(1667):2589–95. https://

doi.org/10.1098/rspb.2009.0314 PMID: 19364733

14. Benenson JF, Markovits H, Thompson ME, Wrangham RW. Under Threat of Social Exclusion, Females

Exclude More Than Males. Psychological Science. 2011; 22(4):538–44. https://doi.org/10.1177/

0956797611402511 PMID: 21403174

15. Bissonnette A, Franz M, Schülke O, Ostner J. Socioecology, but not cognition, predicts male coalitions

across primates. Behavioral Ecology. 2014:aru054.

16. Wilson ML, Boesch C, Fruth B, Furuichi T, Gilby IC, Hashimoto C, et al. Lethal aggression in Pan is bet-

ter explained by adaptive strategies than human impacts. Nature. 2014; 513(7518):414–7. https://doi.

org/10.1038/nature13727 PMID: 25230664

17. Wrangham RW. Evolution of coalitionary killing. Yearbook of Physical Anthropology. 1999; 29(42):1–

30.

High status males share more than high status females

PLOS ONE | https://doi.org/10.1371/journal.pone.0185408 September 27, 2017 12 / 13

https://doi.org/10.1126/science.1133755
https://doi.org/10.1126/science.1133755
http://www.ncbi.nlm.nih.gov/pubmed/17158317
https://doi.org/10.1037/a0025354
http://www.ncbi.nlm.nih.gov/pubmed/21910518
https://doi.org/10.1017/S0140525X0999152X
http://www.ncbi.nlm.nih.gov/pubmed/20550733
https://doi.org/10.1016/j.cub.2007.06.001
http://www.ncbi.nlm.nih.gov/pubmed/17686425
https://doi.org/10.1098/rspb.2009.0314
https://doi.org/10.1098/rspb.2009.0314
http://www.ncbi.nlm.nih.gov/pubmed/19364733
https://doi.org/10.1177/0956797611402511
https://doi.org/10.1177/0956797611402511
http://www.ncbi.nlm.nih.gov/pubmed/21403174
https://doi.org/10.1038/nature13727
https://doi.org/10.1038/nature13727
http://www.ncbi.nlm.nih.gov/pubmed/25230664
https://doi.org/10.1371/journal.pone.0185408


18. Fine GA. The natural history of preadolescent male friendship groups. In: Foot HCCAJSJR, editor.

Friendship and social relations in children. Piscataway, NJ: Transaction Publishers; 1980. p. 293–320.

19. Savin-Williams RC. Dominance hierarchies in groups of middle to late adolescent males. Journal of

Youth and Adolescence. 1980; 9(1):75–85. https://doi.org/10.1007/BF02088381 PMID: 24317926

20. David-Barrett T, Rotkirch A, Carney J, Izquierdo IB, Krems JA, Townley D, et al. Women favour dyadic

relationships, but men prefer clubs: cross-cultural evidence from social networking. PloS one. 2015; 10

(3):e0118329. https://doi.org/10.1371/journal.pone.0118329 PMID: 25775258

21. Omark DR, Omark M, Edelman M. Formation of dominance hierarchies in young children. In: Williams

TR, editor. Psychological Anthropology. The Hague: Mouton; 1975. p. 289–315.

22. Schmid Mast M. Men Are Hierarchical, Women Are Egalitarian: An Implicit Gender Stereotype. Swiss

Journal of Psychology. 2004; 63(2):107–11.

23. Aries E. Men and women in interaction: Reconsidering the differences. New York, NY US: Oxford Uni-

versity Press; 1996.

24. Savin-Williams R. C. (1979). Dominance hierarchies in groups of early adolescents. Child Develop-

ment, 923–935.

25. Markovits H, Benenson J, Dolenszky E. Evidence that children and adolescents have internal models of

peer interactions that are gender differentiated. Child Development. 2001; 72(3):879–86. PMID:

11405588

26. Tesser A, Millar M, Moore J. Some affective consequences of social comparison and reflection pro-

cesses: The pain and pleasure of being close. Journal of personality and social psychology. 1988; 54

(1):49–61. PMID: 3346807

27. Benenson JF, Markovits H, Wrangham R. Rank influences human sex differences in dyadic coopera-

tion. Current Biology. 2014; 24(5):R190–R1. https://doi.org/10.1016/j.cub.2013.12.047 PMID:

24602881

28. Charlesworth WR, Dzur C. Gender comparisons of preschoolers’ behavior and resource utilization in

group problem solving. Child development. 1987; 58: 191–200. PMID: 3816344

29. Benenson JF, Hodgson L, Heath S, Welch PJ. Human sexual differences in the use of social ostracism

as a competitive tactic. International Journal of Primatology. 2008; 29(4):1019–35.

30. Ellemers N, Heuvel H, Gilder D, Maass A, Bonvini A. The underrepresentation of women in science: Dif-

ferential commitment or the queen bee syndrome? British Journal of Social Psychology. 2004; 43

(3):315–38.

31. Moss-Racusin CA, Dovidio JF, Brescoll VL, Graham MJ, Handelsman J. Science faculty’s subtle gen-

der biases favor male students. Proceedings of the National Academy of Sciences. 2012; 109(Journal

Article):16474–9.

32. Croson R., & Gneezy U. (2009). Gender differences in preferences. Journal of Economic literature, 47

(2), 448–474.

33. Henrich J, Ensminger J, McElreath R, Barr A, Barrett C, Bolyanatz A, et al. Markets, religion, community

size, and the evolution of fairness and punishment. Science. 2010; 327(5972):1480–4. https://doi.org/

10.1126/science.1182238 PMID: 20299588

34. Engel C. (2011). Dictator games: A meta study. Experimental Economics, 14(4), 583–610.

35. Magee JC, Gruenfeld DH, Keltner DJ, Galinsky AD. Leadership and the psychology of power. The psy-

chology of leadership: New perspectives and research. 2005:275–93.

36. Cheng JT, Tracy JL, Foulsham T, Kingstone A, Henrich J. Two ways to the top: Evidence that domi-

nance and prestige are distinct yet viable avenues to social rank and influence. Journal of Personality

and Social Psychology. 2013; 104(1):103. https://doi.org/10.1037/a0030398 PMID: 23163747

37. Bediou B, Sacharin V, Hill C, Sander D, Scherer KR. Sharing the fruit of labor: flexible application of jus-

tice principles in an ultimatum game with joint-production. Social Justice Research. 2012; 25(1):25–40.

38. Frohlich N, Oppenheimer J, Kurki A. Modeling other-regarding preferences and an experimental test.

Public Choice. 2004; 119(1–2):91–117.

39. Galinsky AD, Gruenfeld DH, Magee JC. From power to action. Journal of personality and social psy-

chology. 2003; 85(3):453. https://doi.org/10.1037/0022-3514.85.3.453 PMID: 14498782

40. Bargh JA, Raymond P, Pryor JB, Strack F. Attractiveness of the underling: An automatic power! sex

association and its consequences for sexual harassment and aggression. Journal of personality and

social psychology. 1995; 68(5):768. PMID: 7776181

41. Clutton-Brock TH, Huchard E. Social competition and selection in males and females. Philosophical

Transactions of the Royal Society B: Biological Sciences. 2013; 368(1631):20130074.

42. Brosnan SF, De Waal FB. A proximate perspective on reciprocal altruism. Human Nature. 2002; 13

(1):129–52. https://doi.org/10.1007/s12110-002-1017-2 PMID: 26192598

High status males share more than high status females

PLOS ONE | https://doi.org/10.1371/journal.pone.0185408 September 27, 2017 13 / 13

https://doi.org/10.1007/BF02088381
http://www.ncbi.nlm.nih.gov/pubmed/24317926
https://doi.org/10.1371/journal.pone.0118329
http://www.ncbi.nlm.nih.gov/pubmed/25775258
http://www.ncbi.nlm.nih.gov/pubmed/11405588
http://www.ncbi.nlm.nih.gov/pubmed/3346807
https://doi.org/10.1016/j.cub.2013.12.047
http://www.ncbi.nlm.nih.gov/pubmed/24602881
http://www.ncbi.nlm.nih.gov/pubmed/3816344
https://doi.org/10.1126/science.1182238
https://doi.org/10.1126/science.1182238
http://www.ncbi.nlm.nih.gov/pubmed/20299588
https://doi.org/10.1037/a0030398
http://www.ncbi.nlm.nih.gov/pubmed/23163747
https://doi.org/10.1037/0022-3514.85.3.453
http://www.ncbi.nlm.nih.gov/pubmed/14498782
http://www.ncbi.nlm.nih.gov/pubmed/7776181
https://doi.org/10.1007/s12110-002-1017-2
http://www.ncbi.nlm.nih.gov/pubmed/26192598
https://doi.org/10.1371/journal.pone.0185408

