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A B S T R A C T

Friendship involves long-term reciprocity: we help our friends and eventually they help us. However, given that 
we benefit from having such friends, we also have a stake in our friends' well-being – we want them to remain 
well enough to keep cooperating with us. Here I present two game theoretical models showing that it pays to help 
friends – even anonymously – if doing so increases their ability to cooperate. I use a basic Prisoner's Dilemma 
with occasional anonymous rounds, and in which one's cooperation increases the benefits that one's partner can 
subsequently provide. Organisms who help their partners – even when anonymity is guaranteed – do better than 
organisms who anonymously defect, as long as the help has enough impact on the partners' ability to cooperate. 
Thus, help within friendships can be seen as an investment in those friends' future ability to provide benefits. As 
such, rather than ask whether friendship is ultimately caused by reciprocity or stake, a better question is how 
much of any given friendship is caused by reciprocity and how much by stake.

1. Introduction

In the traditional evolutionary view, friendship stems from reci
procity. In this view, two or more individuals take turns helping each 
other, reciprocate their friends' helpful acts, and de-friend those who 
repeatedly fail to reciprocate. Thus, a friend is someone with whom you 
engage in long-term reciprocity. This basic story can be extended to 
include competition over partners (e.g., Barclay, 2013; Krems et al., 
2021) or different payoff structures (Balliet et al., 2017), but it is still 
generally based on reciprocity.

This reciprocity-based view of friendship explains much, but is not 
everything. Friends often don't keep track of cooperation as one would 
expect based on formal reciprocity models: helping often seems un
conditional (e.g., Wiessner, 2002; Woodburn, 1998), and it's detrimental 
to track cooperation within friendships (Clark & Mills, 1979). Friends 
also help each other in ways that the other doesn't notice – by contrast, 
reciprocity is only beneficial if the partner notices. In his talks on the 
evolution of cooperation, economist Robert Frank used the following 
thought experiment: do you have any good enough friends, that if they 
found your lost wallet, they'd return it with all the money, even if they 
were guaranteed that they could pocket the money secretly? Reciprocity 
would not predict such secret cooperation (though see error manage
ment, Barclay & Van Vugt, 2015; Delton et al., 2011), yet many audience 
members would nod their heads to indicate “yes”. In terms of proximate 
psychology, such behaviour may be caused by “attitudinal reciprocity” 

(e.g., de Waal, 2000) or other such social emotions, but in ultimate terms 
of evolutionary fitness, why did such social emotions evolve, given how 
many opportunities we have to secretly cheat our friends? (For the 
distinction between proximate and ultimate causation, see Barclay, 
2012; Scott-Phillips et al., 2011).

More recently, researchers have acknowledged the importance of 
stake within friendships. Stake is when one organism benefits from the 
presence or self-interested actions of another, and as such, would be 
selected to help that other to keep it alive and available to continue 
providing benefits. This principle has been discovered many times under 
different names, including stake (Roberts, 2005), interdependence (e.g., 
Aktipis et al., 2018; Brown & Brown, 2006), pseudo-reciprocity 
(Connor, 1986), group augmentation (Kokko et al., 2001), partnership 
(Eshel & Shaked, 2001), irreplaceability (Tooby & Cosmides, 1996), 
vested interests (Barclay & Van Vugt, 2015), byproduct mutualism 
(Sachs et al., 2004), and investment in byproduct benefits (Connor, 
2025). This requires no observation, and can occur across species: for 
example, if I benefit from a tree's shade, then I have a vested interest in 
feeding that tree and protecting it from herbivores, so I can continue to 
benefit from its shade (Barclay, 2020). The tree is not reciprocating, and 
has no mechanism for detecting or responding to my help - it grows 
leaves out of self-interest, and has zero incentive to “defect”. For me, my 
helping is an investment in the tree's byproduct benefits.

Just as we have a stake in a shade-producing tree, we have a stake in 
our benefit-producing friends. Friends provide us with many benefits, 
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some by their mere presence (e.g., group augmentation: Kokko et al., 
2001), some through mutualism, coordination, or other self-interested 
actions (e.g., Volunteers Dilemma, Archetti & Scheuring, 2011), and 
some by incurring costs to engage in reciprocity or trade. As a result, 
friendship has big effects on well-being in humans and other primates: 
those with fewer friends die sooner and unhealthier (reviewed by 
Dunbar, 2018). As such, we have a stake in our friends' ongoing presence 
and ability to confer benefits upon us. Thus, it is in our selfish interest to 
help our friends - even anonymously if need be (as in Robert Frank's 
wallet example) - so they can continue to do whatever they do that 
benefits us. In other words, we have a stake in our friends' well-being.

Few papers have investigated how we come to have a stake in our 
friends. In two mathematical models, Barclay (2020) showed that if two 
organisms engage in reciprocal cooperation, then it pays for either one 
to save the other - even anonymously if necessary - so that the reci
procity can continue. Pleasant and Barclay (2025) showed that partici
pants in a Prisoner's Dilemma Game were more likely to anonymously 
help a cooperative partner if doing so kept that partner in the game (i.e., 
available to cooperate) than if the helping merely increased the partner's 
earnings. At present, all such models involve “saving” a partner, i.e., 
preventing their death, injury, incapacitation, bankruptcy, exit, forced 
migration, or other forms of unavailability, but investment in friends can 
take many other forms.

Many forms of help affect a person's capabilities, such that they can 
provide more benefits than they previously could. Much like one can 
water a tree so it grows more leaves for shade, one can help a friend 
develop the capacity to be more effective at any form of cooperation, 
whether byproducts, mutualisms, trade, or reciprocity. For example, one 
could help a friend gain status, knowledge, skills, strength, access to 
resources, or even just the time to cooperate – these benefit the friend 
(i.e., statistically increase their fitness), but also increase the benefits 
that they subsequently provide when they cooperate. This helping need 
not be observed or reciprocated: the friend can maintain the same will
ingness to help, but your investment makes them better able to help 
(contrast willingness vs. ability to help, Barclay, 2013, 2015, 2016).

Here I present two models on investing in a friend's ability to help. 
Both models involve two organisms engaged in a reciprocal relationship, 
where receiving cooperation makes one more able to provide benefits in 
future interactions (or prevents a decline in one's ability to provide 
benefits - this is mathematically equivalent). In Model 1, this investment 
provides only a temporary increase in the friend's ability to help (e.g., 
saving them time), whereas in the second model, the investment causes 
a permanent increase in the friend's ability (e.g., providing skills, 
knowledge, status). In both models, organisms who cooperate when 
anonymous do better than Machiavellian organisms who defect when 
anonymous, provided that the help has enough impact on the partner's 
abilities.

2. Models and results

2.1. Basic setup of models

Both models use a standard Prisoner's Dilemma where players can 
incur cost c to confer benefit b upon a partner. The game continues after 
the round with probability w which is independent across rounds, such 
that after any given round, one can expect an average of n future rounds, 
where n = 1/(1-w).

Each round has a probability x of being observed and 1-x of being 
anonymous. Both parties know in advance whether the round will be 
anonymous, and cannot discover each other's actions in anonymous 
rounds; this assumption is to show that cooperation can evolve even 

when anonymity is guaranteed.1 Let True Friend (TF) be a variant of 
Tit-for-Tat that treats anonymous rounds like they are observed (see 
Barclay, 2020). In other words, TF cooperates in all rounds – anonymous 
or observed – until it observes its partner's action, and thereafter it im
itates its partner's last observed action. TF is unaffected by whether the 
current round is anonymous or observed. By contrast, let Machiavelli 
(M) be a variant of Tit-for-Tat that defects in anonymous rounds. In 
other words, Machiavelli always defects in anonymous rounds, but in 
observed rounds it starts by cooperating and thereafter imitates its 
partner's last observed action. The research question is thus: when do 
organisms have sufficient stake to help their partner even when ano
nymity is guaranteed, i.e., when does the payoff for TF outweigh that of 
Machiavelli? If it pays to help a partner even when anonymity is guar
anteed, then this shows that the relationship has moved beyond reci
procity alone, and now involves some stake in that partner's welfare.

2.2. Model 1: Non-cumulative effects of investment (e.g., investing in a 
partner's time)

Suppose that if a partner receives cooperation, they become more 
effective at providing benefits the next round: instead of conferring 
benefit b when they cooperate, they can confer b+k the next round 
(where k ≥ 0). This is binary (i.e., either one did or did not receive 
cooperation the previous round), and the effect dissipates immediately 
without stacking (i.e., the benefits a partner provides in round t depend 
only on whether they received cooperation in round t-1, but not in t-2). 
As a robustness check, Model 2 relaxes the latter assumption.

When TF faces TF, they both earn b-c the first round and b+k-c for the 
rest of the n-1 rounds. Thus, the payoff for a TF facing a TF (i.e., TT) is: 

TT = n(b − c)+ (n − 1)k (1) 

When TF faces Machiavelli, it cooperates every round, but only 
receives cooperation in the observed rounds. Thus, it earns xb-c in the 
first round and x(b+k)-c in the remaining (n-1) rounds, for a total payoff 
(i.e., TM) of: 

TM = n(xb − c)+ (n − 1)xk (2) 

When Machiavelli faces TF, it defects in (1-x) anonymous rounds and 
cooperates in x observed rounds (thus increasing TF's ability to benefit 
Machiavelli in the next round). Thus, Machiavelli earns b-xc the first 
round, and thereafter earns b-xc if the previous round was anonymous 
and b+k-xc if the previous round was observed. Machiavelli's payoff 
against TF (i.e., MT) is thus: 

MT = n(b − xc)+ (n − 1)xk (3) 

When Machiavelli faces Machiavelli, it only pays costs and receives 
benefits in the observed rounds. Its benefit depends on whether the 
previous round was observed or not. It earns x(b-c) the first round, and 
earns x(x(b + k − c) + (1 − x)(b − c) ) in the remaining n-1 rounds. Thus, 
Machiavelli's payoff against Machiavelli (i.e., MM) is: 

MM = nx(b − c)+ (n − 1)x2k (4) 

TF does better than Machiavelli against a TF partner when TT > MT, 
which is: 

k > c
n

n − 1
; (Inequality 1)

TF does better than Machiavelli against a Machiavellian partner 
when TM > MM, which is: 

1 If anonymity is not guaranteed, then cooperation becomes even more likely, 
but this is due to Error Management and reputation (e.g., Delton et al., 2011), 
not due to stake, so I do not examine it here.
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xk > c
n

n − 1
; (Inequality 2)

In other words, TF does increasingly better than Machiavelli when 
there are more expected rounds (n), lower costs of cooperating (c), and 
when one's cooperation makes one's partner better at delivering benefits 
(k) (see Fig. 1). This shows that it can pay to cooperate – even anony
mously – when that cooperation puts a partner in better condition to be 
able to reciprocate. Interestingly, the baseline benefit of cooperation (b) 
had no effect – only the amount that cooperation impacted a partner's 
ability to provide benefits (k). Furthermore, the frequency of observed 
rounds (x) only mattered when facing a Machiavellian partner – a TF 
partner always cooperates, so anonymity does not change whether it's 
worth investing in them.

2.3. Model 2: Cumulative gains from cooperation (e.g., investing in 
partner's growth)

Now suppose that when you cooperate, it increases that partner's 
ability to provide benefits in the future, and these increases are cumu
lative, e.g., if helping a partner grow or develop skills, then they become 
increasingly bigger or better. If b is the normal benefit that a cooperator 
can confer upon a recipient, then someone who received cooperation the 
previous round can confer bk (assume k ≥ 1), and these increases can 
stack. For example, a partner who has received cooperation twice can 
confer a benefit of bk2, a partner who has received cooperation three 
times can confer bk3, and so on.

When TF faces another TF, it earns b-c the first round, bk-c the second 
round, bk2-c the third round, and so on. When TF faces Machiavelli, it 
only receives those benefits in observed rounds (x). In both cases, 
because TF cooperates with its partner in every round, its partner gets 
increasingly better at conferring benefits. TF's payoffs become: 

TT =
∑n

t=1

(
bkt− 1 − c

)
(5) 

TM =
∑n

t=1

(
xbkt− 1 − c

)
(6) 

When Machiavelli faces TF, it only pays cost c in the x observed 
rounds. Machiavelli receives benefits from TF every round, but the 
benefits depend on how many previous times Machiavelli has helped TF, 
which in turn depends on whether previous rounds were observed (x). 
Machiavelli earns b-xc in the first round, xbk + (1 − x)b − xc the second 
round, x2bk2 + 2x(1 − x)bk + (1 − x)2b − xc the third round, and so on. 
This becomes: 

MT =
∑n

t=1

(
b(xk + (1 − x) )t− 1

− xc
)

(7) 

When Machiavelli faces Machiavelli, it only pays cost c and 
receives benefits in the observed rounds, and the benefits depends 
on how many previous rounds were observed. It earns x(b − c)
in the first round, x(xbk + (1 − x)b − c ) the second round, 
x
(

x2bk2 + 2x(1 − x)bk + (1 − x)2b − c
)

the third round, and so on. 
This becomes: 

MM =
∑n

t=1

(
x
(

b(xk + (1 − x) )t− 1
− c

))
(8) 

TF does better than Machiavelli against a TF partner when TT > MT, 
which is: 

∑n

t=1

(
bkt− 1 − c

)
>

∑n

t=1

(
b(xk + (1 − x) )t− 1

− xc
)
; (Inequality 3)

Fig. 1. Conditions under which anonymously cooperating with a friend (TF) pays better than anonymously defecting on them (Mach). Panels a-c represent when 
investments in a partner do not stack (Model 1): k represents how cooperation improves a partner's ability to confer benefits the next round only, relative to the cost 
of cooperation (parameters displayed: c = 1). Panels d-f represent cumulative effects of investment (Model 2): k represents the percent by which cooperation im
proves the benefits b a friend provides for all subsequent rounds. Panels a,d) if that friend plays TF, or if they play Mach but all rounds are observed (i.e., x=1); b,e) if 
that friend plays Mach and x=0.8; c,f) if that friend plays Mach and x=0.6.
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TF does better than Machiavelli against a Machiavellian partner 
when TM > MM, which is: 

∑n

t=1

(
xbkt− 1 − c

)
>

∑n

t=1

(
x
(

b(xk + (1 − x) )t− 1
− c

))
; (Inequality 4)

Similar to Model 1, TF does increasingly better than Machiavelli 
when there are more expected rounds (n), lower costs of cooperating (c), 
and when one's cooperation makes one's partner better at delivering 
benefits (k) (see Fig. 1). Unlike Model 1, Model 2 also depends on the 
benefits of cooperation (b) and the level of observation (x), both of 
which make TF pay better than Machiavelli regardless of the partner. 
Overall, Model 2 shows qualitatively similar results to Model 1: it pays to 
cooperate, even anonymously, if doing so improves that partner's con
dition such that they become more effective at reciprocating.

3. Discussion

In both models, organisms who cooperate with their friend when 
anonymous (True Friend) have higher payoff than organisms who defect 
when anonymous (Machiavelli), if that cooperation has a big enough 
impact on the friend's capabilities (and if there are enough rounds). It 
can even pay to help a Machiavellian friend, provided that they are 
monitored enough of the time (i.e., x is sufficiently high). Helping a 
friend – even anonymously – can thus be seen as investing in their future 
capacity to engage in reciprocity. Indeed, the results apply beyond 
reciprocity to any other form of cooperation, such as Connor's “Investing 
in Byproduct Benefits” (2025), or investing in a shade-producing tree to 
reap the benefits of additional shade. Thus, this model shows why we 
value our friends: we have a stake in their ongoing cooperation, or any 
other benefits they might provide (e.g., hostility towards our enemies). 
By investing in them, they become more effective at providing us 
benefits.

The two models show the findings' robustness: investing in a friend 
can pay off whether the effects of the help are temporary (Model 1) or 
permanent (Model 2). Unsurprisingly, it's easier for helping to evolve if 
it affects a friend's permanent capability – Model 2 is stable at lower 
levels of k than Model 1, because the effects of helping accumulate. In 
reality, many forms of helping will be in between: the helping provides 
some benefits that dissipate immediately (like Model 1), but also some 
benefits that accumulate over time (like Model 2).

The model is framed as help that increases a friend's ability to pro
vide benefits, such as giving them skills or knowledge, helping them gain 
status, improving their health or embodied capital, or saving them time. 
However, the model works equally well if the help protects a friend's 
capabilities against decline or injury, such as defending them from 
danger, preventing a status loss, or healing a disease. These are math
ematically equivalent framings, which shows the models' generality.

More generally, these models show that reciprocity and stake are not 
separate evolutionary forces, but are inextricably linked. If someone 
reciprocates, we have a stake in their welfare (Barclay, 2020) – in 
proximate psychological terms, we may consider them a friend. As such, 
rather than ask whether helping is caused by reciprocity or stake, we 
should instead ask what to what extent is the helping caused by reci
procity or stake (see Carter, 2024; Rotella et al., 2020), both on a 
proximate and ultimate level. With friendships, it will always be “a bit of 
both” – the relevant question is how much of each, how each creates the 
other, and how they are each represented psychologically.

4. Limitations and conclusions

Although these models are fairly general, they do have limitations. 
First, organisms have a stake in their friend's ability to provide benefits, 
but not necessarily in other things that the friend cares about, like 
finding mates or raising kids. This can lead to conflict if one party wants 

help that doesn't affect their capacity to provide benefits. For example, 
when a person enters a different life stage (i.e., adolescents starting 
romantic relationships, adults having kids), they may want help that 
their friend has no stake in giving, if that friend is not yet at that life 
stage. A person might even delay their friends in these new endeavours, 
if those endeavours reduce the friend's availability to cooperate with the 
focal person. These friendship conflicts may resolve once both parties 
are at that new life stage, because they then have a stake in their friend's 
ability to reciprocate in that new domain (e.g., “wing man”, 
alloparenting).

These different focuses are why friends can grow apart if they're 
focused on different activities: the helping no longer affects the friend's 
capacity in a domain that's relevant to both of them. Some kinds of help 
generalize across domains, such as ensuring a friend is alive and healthy, 
saving them time, or increasing their status. But in other domains, like 
specialized knowledge for different social or economic niches, helping a 
friend may not increase their capacity to cooperate, so those are the 
domains where we expect more conflict in friendships.

A second major limitation is when partner choice is present. People 
have less stake in friends whom they can easily replace (Barclay, 2020, 
2025; Pleasant & Barclay, 2025; Tooby & Cosmides, 1996). If it's easier 
to switch friends than to invest in the current one, then people will do so. 
Furthermore, one's friends may also choose to befriend someone else 
better than oneself, and one's investment might help them achieve suf
ficient market value to do so. As such, people who can be easily replaced 
should be less willing to invest in their friends' capacities – at least in the 
domain-general capacities that would attract other people. The best 
friendships will be those where both parties can increase each other's 
capacities, such that their market values rise in tandem.

Overall, the present models add to our understanding of how 
reciprocity and stake combine within friendships, shows how selection 
pressures other than reciprocity alone (i.e., stake) matter in friendships, 
and moves beyond verbal models to mathematically show how 
stake-based cooperation arises (for the importance of mathematical 
models in formalizing theory, see Servedio et al., 2014; Smaldino, 
2017). If two individuals are engaged in a reciprocal relationship, they 
each have a stake in the others' well-being, and would help if doing so 
increases the other's capacity to provide benefits. This stake is what 
gives people a genuine concern about their friends (i.e., a positive 
“welfare tradeoff ratio”, e.g., Delton & Robertson, 2016) and a reason to 
help, even if the friend will not notice. Future research should examine 
how the proximate psychological mechanisms (e.g., emotions) differ 
once a relationship develops from a reciprocity-based relationship to 
one of deeper stake.
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