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Prosocial reputation and stress 
among contemporary 
hunter‑gatherers: the Hadza case
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It has been suggested that having a reputation for being prosocial is a critical part of social status 
across all human societies. It has also been argued that prosocial behavior confers benefits, whether 
physiological, such as stress reduction, or social, such as building allies or becoming more popular. 
Here, we investigate the relationship between helping reputation (being named as someone others 
would go to for help), and hair-derived chronic stress (hair cortisol concentration). In a sample of 77 
women and 62 men, we found that perceived helping reputation was not related to chronic stress. 
Overall, the results of our study suggest that, in an egalitarian society with fluid camp membership 
and widely practiced generosity such as the Hadza, helping reputation does not necessarily boost 
stress-related health benefits through prestige-signaling mechanisms observed in hierarchical, large-
scale societies.
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Prosocial behavior is ubiquitous in humans. From an evolutionary perspective, there are several different poten-
tial causal factors that could explain prosociality in humans. One explanation is that there are payoffs to signaling 
a cooperative disposition to potential allies1. If gaining allies influences prosocial behavior, then types of generous 
or prosocial behavior that have the potential to be noticed by others should be more common. Signaling prosoci-
ality to others and maintaining a prosocial reputation explains generosity in some experimental contexts2–4. For 
example, in a dictator game it has been reported that study participants (n = 80) were giving out money to receiv-
ers for the sake of not violating others’ expectations rather than their wellbeing2 while agent-based simulations 
showed that one-shot economic games are purely based on direct short-term benefits unless repeated interac-
tions are involved3. Studies in more naturalistic settings also show that altruistic behaviour promotes prosocial 
reputation5–7. For instance, a study of the Yora people n = 71), hunter-horticulturalists of Amazonian Peru, 
showed that individuals with strong reputations for being generous are more likely to be provisioned with food 
during periods of food shortages or illnes8. However, it is worth noting that, at least on the proximate level, the 
motivation behind helping others (or other form of inconspicuous behaviour; see9 for review) does not necessar-
ily have to involve gaining long-term benefits (e.g., gaining allies or potential helpers) but, instead, may be based 
on more tangible and short-term benefits, such as direct reciprocity10,11 or feeling good while being generous12. 
Some studies show that prosocial behavior may not only help people gain allies but might also increase social 
status. For example, a study among the Tsimane, an Amazonian small-scale society, showed that men who exhibit 
high social status gain more cooperative hunting partners while individuals who cooperate with high status men, 
in turn, enhance their own social status13. Moreover, one study suggests that the causative direction of prosocial 
behavior and social status goes both ways14 (e.g., reputation can also boost pro-social behaviour15 and promote 
cooperation16). Other studies conducted among hunter-gatherers show that not only social status but also being 
prosocial is related to having more social partners, especially in activities requiring collaborative effort, such as 
some types of foraging. For instance, among Martu hunter-gatherers of Australia, individuals who invest more 
in sharing are preferred as hunting partners over those with greater skill at hunting17, suggesting that people 
prefer those who are willing to cooperate even over those that may be particularly good at the activity, although 
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the exact direction of the causal inference cannot be derived from this observational study. Thus, cooperation, 
and prosociality in general, might not necessarily imply a competitive, status-seeking behavior but, rather, an 
efficient way of building trustful and meaningful relationships18. Indeed, the biological market hypothesis19 posits 
that in animal societies living in stable social groups partner choice has played a major role in the evolution of 
cooperation. However, status-seeking behaviour and building meaningful relationships might not necessarily be 
mutually exclusive as people might not necessarily compete with each other over cooperative partners directly 
but, by being prosocially active, attract preferred social partners and forming with them relationships based on 
mutualistic (and not necessarily convergent) needs20. In such a context, prosocial behavior might be considered 
to be a subtle but honest signal directed towards specific long-term and trusted partners rather than a social 
display aiming to attract new partners18. It has been suggested that, in small-scale societies, prosocial behavior 
might represent a desire to reaffirm the availability of cooperative partners in the future through signalling an 
honest willingness to help rather than an investment in immediate reciprocity18,21,22. The idea that costly, honest 
signals may be aimed at strengthening social relationships has been suggested to play a major role in the evolu-
tion of sociality in group-living animals23,24.

It has been argued that maintaining reliable relationships could be critical, especially among communities 
inhabiting unpredictable environments, mainly in terms of food security25. For example, agent-based models 
show that among Maasai and Maa-speaking pastoralists in Kenya and Tanzania prosocial behavior may lead 
to a limited form of risk pooling25. Such risk pooling benefits everyone living in a potentially volatile environ-
ment. For example, computer models show that having friends that can be relied on in times of need can help 
buffer individuals from the risks of living in an uncertain ecological environment26–28. Partnerships based on 
risk-pooling relationships have been ethnographically documented in Africa, especially among pastoralists, 
such as the Dassanetch of South-West Ethiopia, the Turkana of Kenya, and the Jie of Uganda, all of whom live 
in marginal environments that are prone to draught environments and among whom livestock are vulnerable 
to theft and diseases29,30. Managing risk with supportive relationships has also been noted by other researchers 
studying small-scale societies. For example, it has been noted that, among the Ache hunter-gatherers, social 
relationships function as a sort of social insurance for times when individuals may be in need (e.g., during ill-
ness). Indeed, individuals who shared and produced more than average experience better food provision when 
injured or sick compared to those produced and shared below average 5. Due to the year-round and seasonal 
unpredictability of food resources, such need-based prosocial behavior is especially important in highly mobile 
small-scale societies, such as the Hadza31.

Besides the tangible benefits of prosocial behavior explained by the risk-pooling mechanism, prosocial 
behavior can be a strategy for a long-term investment in social capital and, therefore, may enhance the social 
integration of an individual in a community32,33. Studies among both nonhumans and humans have shown 
that being well-integrated in a social network can positively affect health outcomes34–38. For example, studies 
of nonhuman primates have shown that individuals that are actively involved in affiliative interactions, such as 
grooming, experience lower levels of physiological stress34,39. However, the causative direction of such relation-
ship is still debatable40. For example, studies among humans have shown that individuals that experienced acute 
stress were more likely to be engage in prosocial behavior such as sharing and helping41, though studies also 
show that induced stress can also elicit social withdrawal, antisocial behaviour and aggression42–45. Prosocial 
and antisocial behaviours resulting from acute stressors show the importance of context and, more specifically, 
social interdependence on the regulation of the acute stress responses.

Given that prosocial behavior may enhance the maintenance of reliable relationships18, and given that the 
latter have been shown to have stress-buffering effects40, it could be expected that individuals exhibiting such 
behavior may also experience stress-related health benefits. Indeed, it has been suggested that there are biological 
reward mechanisms that underpin human prosocial tendencies and that contribute to health46. For example, in 
large-scale hierarchical and industrialized populations, several different categories of prosocial behavior, includ-
ing charitable spending, moral decision making, and cooperation in experimental economics games, have all 
been linked to lower physiological indicators of stress47–52 although it is unclear to what extent such prosocial 
bahaviour is confounded by socio-economic status and material wealth. Specifically, helping and supporting 
behaviors are associated with reduced morbidity and increased longevity for the helper53,54. For example, one 
study showed older individuals who reported providing more instrumental and emotional support experienced 
lower mortality rates, while receiving such support was unrelated to mortality53. Similarly, altruism and helping 
behaviors have been found to be correlated with wellbeing55, especially among older people56. It has been also 
shown that helping others buffers the association between stress and physical health57. Interestingly, acting proso-
cially has been linked to health also among nonhumans. For instance, one study of Barbary macaques (Macaca 
sylvanus) showed that individuals that provide rather than receive grooming experience less anxiety58. Although 
the above-described findings are rather suggestive, caution should be taken in interpreting these studies because 
the causative direction cannot be determined basing purely on observational methods.

It has been argued that being compassionate towards others and the resulting helping behavior have strong 
evolutionary roots in fostering social integration and a sense of belonging59. A growing body of evidence suggests 
that being integrated socially is associated with physiological health indices, such as physiological stress levels60, 
especially in relation to daily contacts with regular social partners40,61. Long-term chronic stress measured by 
hair cortisol has been linked to other measures of social status in humans (e.g., socio-economic status and self-
perceived social status)62–64. Even though hair cortisol concentration (HCC) is not necessarily a synonym of stress 
per se1–4, it is heightened among individuals experiencing ongoing chronic stress66, among children brought 
up in high-risk environments67, and among people with dementia exhibiting low levels of social engagement68. 
Importantly, in recent studies HCC has been successfully applied as a measure of wellbeing among both humans 
and nonhuman primates40,69–71. However, most studies linking prosocial behavior with stress among humans have 
been conducted in industrialized, large-scale hierarchical populations72–75. Moreover, studies of the association 
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between prosocial behavior and physiological stress commonly test short-term measurements of changes in 
salivary cortisol76 or neuroimaging for stress-responses following self-reported prosocial activity or a laboratory-
based prosociality test77. As such, there are not yet studies testing whether having a reputation for being prosocial 
within an actual community is related to social status in ways that affect long-term cortisol levels.

Here we investigate the extent to which cortisol levels are related to perceived prosociality in a hunter-
gatherer society, the Hadza. Specifically, we tested the association between long-term cortisol levels and one of 
the (prosociality-based) facets of reputation15: helping reputation. If prosociality is valued within a particular 
cultural context, one would expect the reputation for prosociality, as measured by helping reputation, to play 
a role in overall social status and thereby affect long-term physiological markers of stress, such as hair cortisol. 
However, using the same dataset we have previously shown that among the Hadza social status based on friend-
ship popularity and foraging reputation is not related to HCC69,78. This is because prosocial behavior within 
the context of risk-pooling theory does not imply direct, prestige-based physiological rewards resulting from 
prosocial behavior because, as opposed to large-scale hierarchical societies, in small-scale egalitarian hunter-
gatherer groups it is expected that people will engage in such a need-based behavior25,79.

The Hadza are perfectly suited for our study because they live in a relatively egalitarian society exhibiting 
neither structured hierarchy nor formal leadership. Although the Hadza do not engage in norm enforcement 
to the degree seen in many other societies80, prosocial behavior, such as food sharing, is widespread and com-
monly practiced81,82. Hadza social preferences while directing prosocial behavior have also been documented82–84 
as has been social prestige resulting from either friendship popularity or foraging reputation69,78,85. Moreover, 
the unpredictability of food resources, especially those acquired by men such as highly valued large game and 
honey86,87, make it very plausible that risk pooling plays a major role in prosocial behavior among the Hadza25. 
We therefore hypothesized that, as opposed to large-scale and hierarchical societies with social inequality in 
terms of socio-economic (SES) status, among the Hadza where generosity is widely expected, helping reputation 
will be not related to indices of stress.

Results
Mean hair cortisol concentration for women (n = 77) was 78.25 pg/mg (median = 64.38, range 15.04–229.36), and 
for men (n = 62) it was 96.82 pg/mg (median = 80.73, range 32.26–257.14). The Wilcoxon Rank Sum Test found 
significant differences in HCC between the two data collection field seasons (W = 2917.5; p = 0.006). Perceived 
helping reputation scores exhibited a positive skew (Fig. 1), especially in bigger camps (Table S2, Fig. 1a–h; 
Supplementary Material)). For example, in the most extreme example, in camp 2 one individual received 18 
nominations while 28 individuals received none (Fig. 1b; Supplementary Material).

Although Kendall Tau showed that two variables included in the model, age and helping reputation, were 
significantly correlated with each other (tau = 0.16, p = 006), all VIF values were generally low (age VIF = 1.09, 
sex VIF = 1.07, perceived helping reputation VIF = 1.12) so all variables were included in the full model.

Fig. 1.   Histogram and density of perceived helping reputation scores. The X axis is the within-camp z score 
for the reputation metric. Positively skew distribution of the helping reputation scores suggests that a large 
proportion of individuals received none or very few helping nominations while a very small proportion of 
individuals received many helping nominations.
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Perceived helping reputation was not associated significantly with hair cortisol concentrations (Table 1; Fig. 2), 
although sex and age were significantly associated with HCC (Table 1; Fig. 2).

Null results were retained while controlling for foraging reputation (i.e., digging status for women and hunting 
reputation for men) and popularity (Table S4 and S5, Supplementary Material). Bayes Factors calculated for the 
model (BF01 = 3.11 ± 3.5%) showed that, given the data included in the model, the relationship between helping 
reputation and HCC was ~ 3 times more likely under the null hypothesis compared to the alternative hypothesis.

Discussion
The results of our study show that prosocial reputation is not related to HCC, suggesting that, in a small society 
representing an egalitarian social model where generosity is widely expected and practiced, helping reputation 
might not necessarily translate into stress-related health benefits.

Though the Hadza have no explicit leaders, it is possible that social influence still impacts the perception of 
social status. Given that among the Hadza there is no institutionalized authority, this influence may be more 
related to more nuanced forms of social status related to prestige, such as popularity and foraging status85. Hav-
ing a reputation for being someone that others can go to in times of need may be an indicator of social prestige, 
and indeed there is some evidence that men in some societies engage in ‘competitive helping’ or signaling their 
generosity to attractive potential mates88. Some studies show that engaging in prosocial behavior is associated 
with better indices of health48,49,51,89. However, the results of our study show that, among the Hadza, physiological 
stress is not associated with helping reputation.

One of the reasons why we did not detect any relationship between prosociality attributes and stress levels 
could be methodological issues related to the difficulty of detecting such nuanced helping behaviors in our study. 
Most of previous research on prosociality and cortisol has focused on larger, more conspicuous prosociality such 
as grand gestures that are above and beyond what may be expected in a generally cooperative society (which can 
have a substantial amount of helping behavior)18. It remains to be seen whether such grand-gesture prosocial 
behaviors are contributing to lower cortisol levels through enhancing reputation or social prestige (mediated 
by self-perception). Smaller, daily or regular prosocial behaviors that are expected by members of a particular 

Table 1.   LMM results explaining power-transformed cortisol concentration variance among the Hadza.

B ± SE t value Pr( >|t|) AIC R2

Intercept − 0.595 ± 0.009 63.281 < 0.001 − 488.60 Marginal: 0.068

Age 0.0004 ± 0.0001 2.531 0.013 Conditional: 0.211

Sex − 0.014 ± 0.006 2.350 0.020

Perceived helping status − 0.0001 ± 0.003 0.49 0.961

Fig. 2.   Predicted lmm output for relationship between power transformed picograms of hair cortisol 
concentrations and within-camp z score of the reputation metric; Dotes indicate cortisol levels of the study 
participants with respect to helping status (A) and age (B). The shaded areas represent 95% confidence intervals.
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society have been less well-documented in relation to perceived well-being, but in some studies these behaviors 
actually seem to be related to higher cortisol levels90. However, some types of help might go unnoticed. This 
could be the case when asking many people who they have helped, in which case many Hadza (particularly 
women) said they have not helped anyone. When followed up with suggestions of types of help (such as giving 
food or helping with children), the study participants tend to say, ‘oh yes, we do that every day.’ These small, 
unnoticed prosocial behaviors may not be associated with lower cortisol. Indeed, some studies show that in 
large-scale, hierarchical societies the effects of prosocial behavior are dependent on the impact of the behavior, 
which is whether they make a major difference in the life of another person. Though opportunities for these 
sorts of life-changing prosocial behaviors do arise in small-scale, non-Industrialized societies, they do so less 
frequently than in societies with great disparities in personal wealth. Indeed, social stratification has been found 
to be a significant predictor of prosocial behavior. For instance, people of lower socioeconomic status (SES) in 
industrialized societies demonstrate more prosocial behavior across a range of behaviors (e.g. charitability, trust, 
generosity, and helpfulness) than do higher SES individuals91, but see92.

The lack of a relationship between perceived prosociality and cortisol levels observed in our study could be 
because the latter might be related to other social characteristics that were not considered in this study, such 
as social prestige. Indeed, some studies have shown that social prestige is related to social status, which affects 
cortisol levels93,94, although one study of Garisakang forager-horticulturalists of Papua New Guinea found that 
cortisol levels were not associated with prosociality95. Therefore, if, despite their being quite egalitarian, social 
status exists among the Hadza and is related to their cortisol measures, then perhaps prosociality is not a major 
determinant of Hadza social status. Interestingly, using the same dataset, we have previously showed that among 
the Hadza social prestige is not related to stress in both men and women,69,78 which further suggests that social 
prestige or reputation derived from both foraging and other social characteristics of an individual, such as proso-
cial behavior, are driven by deeply embedded social norms rather than self-interest and competitive behavior31,96. 
Alternatively, prosocial reputation among the Hadza might also be driven by low cost and high reward in a 
foraging economy, especially when it comes to food sharing86. It is also worth entertaining the possibility that 
stress-related health benefits accrued by high helping reputation status might be traded off by the physiologi-
cal or energetic costs related to maintaining such status. In other words, costs and benefits related to helping 
reputation might cancel each other out when examined by biomarkers, such as HCC. We have previously shown 
that among the Hadza higher HCC levels related to high levels of proximity contacts with other camp members 
might be mitigated by proximity to friends40.

It could be argued that the apparent absence of an association between prosocial reputation and stress levels 
observed in our study might be that Hadza men do not tend to get stressed to the degree that would be suf-
ficiently reflected in physiological chronic stress indices, such as HCC40. However, it has been widely reported 
that, in spite of the fact that their lifestyle is often described as ‘relaxed,’ Hadza do experience a lot of pressures 
and anxieties related to limited access to potable water (personal observation) and diseases97–100. Indeed, deaths 
resulting from falls from trees, infected wounds, and other diseases are not infrequent while a lack of large game 
due to the influx of pastoralist Datooga people in their land is also a common cause of concern78.

It also could be argued that the apparent lack of a relationship between prosocial reputation and stress 
observed in our study might be due to the fact that glucocorticoids levels, especially markers of chronic stress, 
such as HCC, might not be synonymous with of stress65,78. Moreover, animal studies have shown that HCC to 
be associated with energetic expenditure101,102 so, provided that even moderate exercise increases cortisol levels, 
HCC levels linked to physically demanding workload of the Hadza, such as foraging, can mask the association 
between HCC with less energetically demanding but more subtle activities, such as maintaining a prosocial 
reputation. Thus, controlling for physical demands of daily activities among the Hadza, as well as other important 
factors influencing HCC, such as illness and sleep disruption, would potentially enable to detect a relationship 
between social status/prestige and stress levels. Still, previous studies have shown that HCC can be reliably used as 
an indicator of stress103,104, and we have previously successfully used it as such in studies of nonhuman primates71 
as well as, using the same dataset used in this study, in our previous research among the Hadza40,69,78. Our null 
results do not, however, exclude the possibility that helping reputation is not associated with health-related 
measures other than stress, such as those related to nutritional status or cardiovascular indices.

Alternatively, although some have claimed that prosocial behavior is underpinned by physiological rewards55, 
physiological rewards are not actually necessary for promoting generosity. Need-based transfers have been dem-
onstrated to pay off in and of themselves in many environments26. Thus, the physiological rewards documented 
in relation to one-shot charitable giving or helping may not be present in an accepted, institutionalized system of 
prosociality that reduces risk28. Competitive signaling of prosociality may even be discouraged in these contexts. 
Osotua (“umbilical cord”) relationship among Maasai pastoralists, for example, involve restraint in helping. 
Osotua partners should help only when they are asked to do so and only if they are able to do so, and they are 
expected to give only the amount that is actually needed105. Moreover, a recent study showed that unpredictable 
needs are associated with lower expectations of repayment106. The cultivation of long term, reliable relationships 
likely require a different technique for signaling prosociality than ostentatious, non-targeted acts of prosociality. 
Likewise, it has been argued that prosocial food sharing among Meriam hunter-gatherer women is a subtle signal 
of relational commitment, rather than an attempt to signal personal attributes, such as foraging ability18. It has 
been also suggested that helping behavior (or, rather, pro-social behavior in general) in early egalitarian socie-
ties, as well as among extant small-scale hunter-gatherers is driven by social norms99,107 rather than competitive 
practices observed in large-scale, hierarchical societies108. This might explain an apparent lack of an association 
between helping reputation and HCC observed in our study.

An association between social status and health indices has been reported in other hunter-gather groups, such 
as the Tsimane109,110. However, this study, as well as our previous research, might suggest that in a small-scale 
society on the extreme range of egalitarianism, such as the Hadza, the pattern of social interactions rather than 
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social status per se is related to physiological stress levels. For example, using the same data we have previously 
shown that, although among the Hadza social status/prestige drives proximity networks (at least among men85), 
foraging reputation and popularity are not related to physiological stress69,78. Studies on stress and social status 
among two groups of hunter-gatherers exhibiting different levels of egalitarianism: the Hadza and Tsimane, sug-
gest that lack of such associations should not be considered as lack of capacity. Rather, these studies show that 
people have the evolutionary capacity linking prosocial behavior with status and thus, stress reactivity, but it is 
less expressed in societies where helping behaviour is a baseline expectation.

One of the limitations of our study is that it does not consider inter-camp dynamics in prosocial behavior as it 
is based on in-camp nominations (following78,85). It has been previously suggested that than inter-camp relation-
ships are important in shaping the social structure of small-scale hunter-gatherer societies111–113, especially in 
terms of prosocial activities, such as food sharing114. It could be also argued that individuals’ social reputations 
cannot be established reliably because of the Hadza’s flexible residence patterns. Indeed, over the course of a 
year, Hadza change camps on average six times99. Therefore, limiting our study to in-camp nominations could 
potentially distort the relationship between prosocial behavior and stress40. However, it has been also suggested 
that Hadza do not choose their camps randomly78 but, rather, their choices to a great extent are based on social 
preferences based on friendships and social characteristics of their campmates33.

Overall, our findings do not support the idea that physiological rewards for prosocial behaviors are a human 
universal and are consistent with helping behavior described by other ethnographers as serving to maintain long-
term, reliable relationships among the Hadza members that is deeply embedded within highly egalitarian social 
norms. We believe that, although helping behavior is ubiquitous among the Hadza, it is not generally related 
to prestige. This separation of helping behavior from prestige may, in fact, be necessary for helping to serve as 
an honest signal of commitment to particular relationships in a society where generosity and reciprocity are 
expected norms driven by the unpredictability of resources.

Methods
Subject population
The Hadza are hunter-gatherers who number approximately 1,000 but only about 300 of them continue to exhibit 
hunter-gatherer lifestyle99. They live in a savanna-woodland habitat that encompasses about 4000 km2 around 
Lake Eyasi in northern Tanzania. They live in mobile camps that average thirty individuals. Camp membership 
often changes as people move in and out of camps. These camps move about every six weeks on average. Hadza 
men hunt and gather other resources, foraging on average 6.3 h per day. The Hadza are politically egalitarian, 
with no official big men, chiefs, or leaders79,115,116 (but for a more detailed discussion of forms of inequality in 
‘egalitarian’ societies see117). The Hadza also have very little disparity in material wealth (although men do own 
and treasure their hunting equipment, such as bows and arrows99).

Data collection
This study is a part of a larger project on proximity networks and social status among the Hadza, and some 
of the data used here (e.g., on cortisol levels or social status) have been previously reported in previous 
publications40,69,78,85,118,119. Data collection was conducted in 2016 and 2017 for roughly four months each year. 
Data were collected in camps that were actively foraging for most of their calories, although visiting and some 
limited trade with neighbouring food-producing groups like the Datooga pastoralists did occur as it has in all 
camps since CB’s first visit in 2007. Hair samples and reputational data on helping status were collected from 
eight camps with sizes ranging from six to 38 adults (mean = 19) during the last stay of the research visit at each 
camp (n = 8). Only adult individuals were included in the study. On average, we collected reputational data from 
100% of adults per camp (83 women and 64 men, although 22 individuals did not nominate anyone as a helper) 
and hair samples from 77 of those same women and 62 of the men. Of the 147 study participants, two men and 
three women were sampled twice because they happened to be in two different study camps when the study 
was conducted. The mean age for men that provided hair samples was 38 years (median = 38, range 18–71 years, 
n = 62). The mean age for women that provided hair samples was 42 years (median = 38, range 18–89, n = 77).

Conducting interviews
We interviewed camp members about helping behavior using open-ended questions, including questions about 
who should be helped, who has recently helped them, and what kinds of helping were commonplace among the 
Hadza. We also asked participants in each camp to name, in order, the people to whom they would go for help 
in the camp they were living in at the time.

Scores obtained from the questionnaires where then used to construct a scale of perceived helping status, 
which was calculated as the total number of nominations an individual received. One person nominated 2 
individuals and was unable to decide on one nominee, so the two nominated persons received 0.5 points (i.e., 
instead of 1). Several Hadza named locations of camps where various kin lived, rather than specific people they 
would go to for help; however, most were able to name specific people after some prompting. Interviews with the 
Hadza were conducted by the PI in Swahili, in which the majority of the Hadza are fluent, although some older 
Hadza required the assistance of an interpreter (i.e., a Hadza research assistant fluent in the Hadza language) 
during the interviews because their command of Swahili was basic40,69. Research was conducted a few weeks at 
each camp, and the interviews were conducted during the last day of the study in a camp in a secluded area just 
outside of the camp so that interviewees were out of earshot of other people in the camp40.
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Obtaining hair samples for HCC
We were mainly interested in chronic long-term levels of stress rather than the acute stress response because 
we are interested in the mediation of chronic stress (following40,69,85). Hair cortisol has the advantage of allow-
ing the back-tracking of average levels of cortisol over a longer time-frame (often several months, based on the 
assumption of an average hair growth rate of 1 cm/month)120. Determining cortisol from hair also has the benefit 
of being a biological sampling procedure that causes minimal discomfort to the participants 40. Thus, unlike 
other methods of sampling, the stress of the sampling method itself does not affect the cortisol measurement 
from the sample, as hair reflects chronic stress over weeks or months rather than the acute stress of the moment 
(which can be elevated due to anxiety of having hair cut)121. It is worth noting that many Hadza women keep 
their hair short (often shorter than men), so that the time period of cortisol levels detected in hair is estimated 
to be approximately one month in women and 2–3 months in men69. The popularity of short hair style for Hadza 
women was a limiting factor in getting a larger sample size, as some women had such short hair that there was 
not enough for analysis69. Some women that provided hair were pregnant (n = 14) or lactating (n = 4), but we 
have previously shown that reproductive state is not a significant predictor of HCC69.

Hair preparation
The Hadza do not dye or bleach their hair. They occasionally use soap (generally hand soap) to wash their hair69. 
Hair cortisol was extracted according to the procedures outlined in Sauve et al.122. Briefly, hair samples from 
the 1 cm closest to the scalp end were cut into small pieces using sterile small surgical scissors123, weighed (to 
around 10–15 mg), and placed into 1.5 ml reaction tubes. Prior to extraction, hair samples were ground using 
the IKA ULTRA TURRAX Tube Drive System (following124).

For extraction, 1 mL of methanol was added, and the vial was sealed and incubated overnight for 16 h at 52 °C 
while gently shaking69. After incubation, samples were centrifuged and the methanol extract was transferred to a 
disposable glass vial and evaporated to dryness under nitrogen. The samples were dissolved in 250 μL phosphate 
buffered saline (pH 8.0). Samples were vortexed for one minute, and then again for 30 s before the assay40,69,78.

Hair analysis
Cortisol levels were measured using the Salimetrics® Cortisol Enzyme-linked Immunoassay (ELISA) Kit (Salimet-
rics Europe, Suffolk, UK) as per the manufacturer’s instructions69. In principle, the assay measures competitive 
binding to a capture antibody between hair-extracted cortisol and cortisol conjugated to horseradish peroxidase, 
which converts 3,3′,5,5′-tetramethylbenzidine (TMB) to 3,3′,5,5′-tetramethylbenzidine diimine in a chromogenic 
reaction. After termination of the reaction by the addition of sulphuric acid, absorbance was measured at 450 nm, 
and cortisol levels were calculated based on a standard curve (following69). The intra- and inter-assay coefficient 
of variance was < 9% and < 10% respectively.

Statistical analysis
Because we collected reputational data from eight camps of different sizes with different numbers of potential 
nominators, we standardized these raw values by deducting a mean camp value from each individual score in 
a camp and then dividing it by the standard deviation of the camp, which resulted in a within-camp z score for 
each reputation metric for each study participant (following69). Because cortisol concentrations were highly 
skewed, we transformed these measurements using the Tukey Ladder of Powers procedures125 available in the 
‘rcompanion’ package126 for R (but we also report results based on log-transformed HCC (Table 1S, Supplemen-
tary Material). Following that, the visual inspections of normality and homogeneity of error variances did not 
indicate a violation of model assumptions.

We analysed the data using a linear mixed-effects model (LMM) fit by the restricted-maximum likelihood 
estimation (REML) with cortisol levels as a dependent variable while perceived helping reputation was used 
as predictors. Regarding the three women and two men that participated in the study twice in two different 
camps, for the LMM analysis we used only data from the camps they participated first in order to avoid pseudo-
replication (although their nominations were included in quantifying helping status of other participants, they 
nominated in both camps they participated). We also included in the model sex and age as fixed independent 
variables and camp nested within field season as a random variable (because the Wilcoxon Rank Sum Test showed 
that HCC values differed between the two field seasons (e.g., 2016 and 2017) during which the hair samples were 
collected). In addition, Bayes Factors (BF01) was calculated to determine whether our data support the null (i.e., 
helping reputation are not related to HCC) or alternative (i.e., helping reputation is related to HCC) hypothesis.

In Supplementary Material we also report lmm models that included additional two social status domains that 
were significantly correlated with helping reputation (Table S3, Supplementary Material): foraging reputation 
and popularity (which relationship with HCC we reported in our previous articles 69,78. These models were run 
separately for men and women. Quantifying popularity and foraging reputation is described in Supplementary 
Material.

To minimize the problem of collinearity, we first ran Kendal Tau correlations on all variable combinations 
and excluded highly correlated variables (Kendall tau > 0.8). We also calculated variance inflation factors (VIF) 
for all the variables, including only variables with VIF < 4. LMM was performed using the ‘lme4’package127 for 
R128. We calculated marginal (i.e., for fixed effects only) and conditional (i.e., for both fixed and random effects 
for camp) R2 for the LMM model using the ‘lmerTest’ package129 for R. Figure 2 was generated using the ‘ggef-
fect’ package130 for R.
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Informed, verbal (as the vast majority of the Hadza cannot read and write) consent was obtained from all study 
participants. This research was approved by University of Roehampton’s ethics committee (LSC 16/ 172) as well 
as by the Tanzanian authorities COSTECH and NIMR. This research was also approved by local authorities, and 
researchers stayed in camps only by invitation. The study was performed in accordance with the Declaration of 
Helsinki as well as other relevant guidelines and regulations.

Data availability
In order to protect the anonymity of health data from the Hadza, a simulated dataset using the R package synth-
pop will be provided131. Data, along with R codes used in this study, will be available in Figshare from the date 
of publication.
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