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within-group social structure where social connections are either inherited from a parent or made randomly. I 
show that cooperation evolves when individuals make few random connections, but the presence of cooperation 
selects for increased rates of random connections, which leads to its collapse. Inherent costs of social 
connections can prevent this negative feedback, but these costs can negate some or all of the aggregate benefits 
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Abstract:  Understanding the behavioral and psychological mechanisms underlying social behaviors is one of the 
major goals of social evolutionary theory. In particular, a persistent question about animal cooperation is to what 
extent it is supported by other-regarding preferences—the motivation to increase the welfare of others. In many 
situations, animals adjust their behaviors through learning by responding to the rewards they experience as a 
consequence of their actions. Therefore, we may ask whether learning in social situations can be driven by 
evolved other-regarding rewards. Here we develop a mathematical model in order to ask whether the mere act of 
cooperating with a social partner will evolve to be inherently rewarding. Individuals interact repeatedly in pairs and 
adjust their behaviors through reinforcement learning. We assume that individuals associate with each game 
outcome an internal reward value. These perceived rewards are genetically evolving traits. ...
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Abstract:  Individuals vary in their propensity to use social learning, the engine of cultural evolution, to acquire 
information about their environment. The causes of those differences, however, remain largely unclear. Using an 
agent-based model, we tested the hypothesis that as a result of reproductive skew differences in energetic 
requirements for reproduction affect the value of social information. We found that social learning is associated 
with lower variance in yield and is more likely to evolve in risk-averse low-skew populations than in high-skew 
populations. Reproductive skew may also result in sex differences in social information use, as empirical data 
suggest that females are often more risk-averse than males. To explore how risk may affect sex differences in 
learning strategies, we simulated learning in sexually reproducing populations where one sex experiences more 
reproductive skew than the other. When both sexes compete for the same resources, they tend to adopt extreme 
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Research indicates that network structure affects information spread and thus the capacity for cumulative culture. 
However, how network structure itself is driven by population-culture co-evolution remains largely unclear. We use 
a simple model to investigate how populations negotiate the trade-off between acquiring new skills and getting 
better at existing skills and how this trade-off shapes social networks. We find unexpected eco-evolutionary 
feedbacks from culture onto social networks and vice versa. We show that selecting for skill generalists results in 
sparse networks with diverse skill sets, whereas selecting for skill specialists results in dense networks and a 
population that specializes on the same few skills on which everyone is an expert. Our model advances our 
understanding of the complex feedbacks in cultural evolution and demonstrates how individual-level behavio
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Abstract:  Countries generally agree that global greenhouse gas emissions are too high, but prefer other 
countries reduce emissions rather than reducing their own. The Paris Agreement is intended to solve this 
collective action problem, but is likely insufficient. One proposed solution is a matching-commitment agreement, 
through which countries can change each other’s incentives by committing to conditional emissions reductions, 
before countries decide on their unconditional reductions. Here, we study matching-commitment agreements 
between two heterogeneous countries. We find that such agreements (1) incentivize both countries to make 
matching commitments that in turn incentivize efficient emissions reductions, (2) reduce emissions from those 
expected without an agreement, and (3) increase both countries’ welfare. Matching-commitment agreements are 
attractive because they do not require a central enforcing authority and only require countries to fulfil their 
promises; countries are left to choose
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as a result of individual behaviors, beliefs, and expectations. A satisfactory account for the evolutionary dynamics 
of social norms, therefore, has to link individual beliefs and expectations to population-level dynamics, where 
individual norms change according to their consequences for individuals. Here, we present a model of 
evolutionary dynamics of social norms that encompasses this objective and addresses the emergence of social 
norms. In this model, a norm is a set of behavioral prescriptions and a set of environmental descriptions that 
describe the expected behaviors of those with whom the norm holder will interact. These prescriptions and 
descriptions are functions of exogenous environmental events. These events have no intrinsic meaning or effect 
on the payoffs to individuals, yet beliefs/superstitions regarding them can effectuate coordination. Although a 
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Abstract:  Countries generally agree that global greenhouse gas emissions are too high, but prefer other 
countries reduce emissions rather than reducing their own. The Paris Agreement is intended to solve this 
collective action problem, but is likely insufficient. One proposed solution is a matching-commitment agreement, 
through which countries can change each other’s incentives by committing to conditional emissions reductions, 
before countries decide on their unconditional reductions. Here, we study matching-commitment agreements 
between two heterogeneous countries. We find that such agreements (1) incentivize both countries to make 
matching commitments that in turn incentivize efficient emissions reductions, (2) reduce emissions from those 
expected without an agreement, and (3) increase both countries’ welfare. Matching-commitment agreements are 
attractive because they do not require a central enforcing authority and only require countries to fulfil their 
promises; countries are left to choose
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Abstract:  The structure of animal social networks influences survival and reproductive success, as well as 
pathogen and information transmission. However, the general mechanisms determining social structure remain 
unclear. Using data from 73,767 social interactions among wild spotted hyenas collected over 27 years, we show 
that the process of social inheritance determines how offspring relationships are formed and maintained. 
Relationships between offspring and other hyenas bear resemblance to those of their mothers for as long as 6 
years, and the degree of similarity increases with maternal social rank. Mother-offspring relationship strength 
affects social inheritance and is positively correlated with offspring longevity. These results support the hypothesis 
that social inheritance of relationships can structure animal social networks and be subject to adaptive tradeoffs.
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Abstract:  Life-history strategies are a crucial aspect of life, which are complicated in group-living species, where 
pay-offs additionally depend on others’ behaviours. Previous theoretical models of public goods games have 
generally focused on the amounts individuals contribute to the public good. Yet a much less-studied strategic 
aspect of public goods games, the timing of contributions, can also have dramatic consequences for individual 
and collective performance. Here, we develop two stage game theoretical models to explore how the timing of 
contributions evolves. In the first stage, individuals contribute to a threshold public good based on a performance 
schedule. The second stage begins once the threshold is met, and the individuals then compete as a function of 
their performance. We show how contributing rapidly is not necessarily optimal, because delayers can act as 
‘cheats,’ avoiding contributing while reaping the benefits of the public good. However, delaying too long can put 
the delay

Publication Identifier Type:  DOI
Issue:  6552

Date Published:  7/1/21   4:00AM

Publication Identifier Type:  DOI
Issue:  1927

Date Published:  5/1/20   4:00AM

Peer Reviewed: Y 

Peer Reviewed: Y 

Publication Status: 1-Published

Publication Status: 1-Published



RPPR Final Report 
as of 24-Feb-2022

Publication Identifier:  10.1098/rstb.2020.0049
First Page #:  Volume:  376

Date Submitted:  12/10/21  12:00AM

Authors:  Susan Perry, Alecia Carter, Marco Smolla, Erol Akçay, Sabine Nöbel, Jacob G. Foster, Susan D. Healy

Distribution Statement:  1-Approved for public release; distribution is unlimited.
Acknowledged Federal Support:  Y

Publication Identifier:  10.1098/rstb.2020.0259
First Page #:  Volume:  376

Date Submitted:  12/10/21  12:00AM

Authors:  Marco Smolla, Fredrik Jansson, Laurent Lehmann, Wybo Houkes, Franz J. Weissing, Peter Hammerstein, Sasha R. X. Dall, Bram Kuijper, Magnus Enquist

Distribution Statement:  1-Approved for public release; distribution is unlimited.
Acknowledged Federal Support:  Y

Publication Type:  Journal Article
Journal:  Philosophical Transactions of the Royal Society B: Biological Sciences

Publication Location:  
Article Title:  Not by transmission alone: the role of invention in cultural evolution

Keywords:  creativity, innovation, cultural evolution, invention, individual differences
Abstract:  Innovation—the combination of invention and social learning—can empower species to invade new 
niches via cultural adaptation. Social learning has typically been regarded as the fundamental driver for the 
emergence of traditions and thus culture. Consequently, invention has been relatively understudied outside the 
human lineage—despite being the source of new traditions. This neglect leaves basic questions unanswered: 
what factors promote the creation of new ideas and practices? What affects their spread or loss? We critically 
review the existing literature, focusing on four levels of investigation: traits (what sorts of behaviours are easiest to 
invent?), individuals (what factors make some individuals more likely to be inventors?), ecological contexts (what 
aspects of the environment make invention or transmission more likely?), and populations (what features of 
relationships and societies promote the rise and spread of new inventions?). We aim to inspire new research by 
highlighting
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between biological and cultural evolution have led to the adoption of a range of formal theoretical approaches 
from population dynamics and genetics. However, this has resulted in a research programme with a strong focus 
on cultural transmission. Here, we contrast biological with cultural evolution, and highlight aspects of cultural 
evolution that have not received sufficient attention previously. We outline possible implications for evolutionary 
dynamics and argue that not taking them into account will limit our understanding of cultural systems. We propose 
12 key questions for future research, among which are calls to improve our understanding of the combinatorial 
properties of cultural innovation, and the role of development and life history in cultural dynamics. Finally, we 
discuss how this vibrant research field can make progress by embracing its multidisciplinary nature.
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interaction sequences that are not part of the species-typical behavioural repertoire. These interactions often 
include uncomfortable or risky elements. These interactions exhibit the following characteristics commonly 
featured in definitions of rituals in humans: (i) they involve an unusual intensity of focus on the partner, (ii) the 
behaviours have no immediate utilitarian purpose, (iii) they sometimes involve ‘sacred objects’, (iv) the distribution 
of these behaviours suggests that they are invented and spread via social learning, and (v) many behaviours in 
these rituals are repurposed from other behavioural domains (e.g. extractive foraging). However, in contrast with 
some definitions of ritual, capuchin rituals are not overly rigid in their form, nor do the sequences have specific 
opening and closing actions. In our 9260 h of observation, ritual performance rate was uncorrelated with amoun
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present a model for how intrinsic preferences to adhere to cooperative norms can evolve with and without external 
enforcement of compliance. Using the methodology of preference evolution, we model how cooperative norms 
coevolve with the intrinsic motivations to follow them. We model intrinsic motivations as being provided by guilt, a 
kind of internal “punishment” that individuals feel for falling short of cooperative norms, and show that the shape of 
this internal punishment function plays a crucial role in determining whether and how much internalization can 
evolve. We find that internal punishment functions that eventually level off with the deviation from the norm c
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Main scientific accomplishments  
 
Social inheritance in animal societies 
 
We proposed a general model of social network formation and dynamics based on simple 
demographic processes, and a process we called “social inheritance” where newborn offspring 
make social connection that are similar to those of their parents. In a recent paper (Ilany et al. 
2021), we presented the first direct test of the hypothesis that social networks in animal 
societies can be structured by social inheritance. Using a long-term dataset on spotted hyenas 
(Crocuta crocuta) collected by Kay Holekamp’s group at Michigan State University, we showed 
that new offspring’s social connections indeed resemble those of their mothers. Moreover, we 
showed that social inheritance is rank-dependent: higher ranked mothers’ offspring resemble 
their connections more strongly, while offspring of lower ranked mothers have connections less 
similar to their mothers. The similarity of mothers’ and their offspring’s social connections 
remains stable over several years, even as direct association between mother and offspring 

declines. 
 
 
Cultural evolution and social network structure 
 
We also investigated how social network structure affects behaviors and how these in term 
affect social network structure. An earlier result (Akcay, 2018) showed that cooperative 
behaviors on dynamic social networks are favored when these networks form with few random 

  

 

distribution (with probability 1! pn; seeMeth-
ods for details). Using a maximum likelihood
approach, we inferred the probability pn of
offspring to inherit a given association strength
from the full dataset including the association
strengths ofmothers and offspring in each year
with all other hyenas (n= 65,597 associations).
The inferredpnwas 0.403 ± 0.003 (P < 0.001).
This probability is close to themean difference
in correlation coefficients between mother-
offspring pairs and other pairs (Fig. 1B), sug-
gesting that our social inheritance estimates
are robust.
Our dataset also allows us to study the on-

togeny of mother-offspring social inheritance.
We found that in the first 4 (for males) or 6
(for females) years after the offspring left the
den, social relationships remained similar to
those of themothers (Fig. 1D and Table 1). The
median correlation coefficient of mother vs.
offspring association indices with other hyenas
varied between 0.44 and 0.67 in the first 6 years
in which they overlapped. This similarity in so-
cial relationships remained high evenwhen the

strength of the relationship between offspring
and mother decreased over the years (Fig. 1E
and table S2), from amedian of 0.14 in the first
year after the offspring left the den to 0.05 in
the sixth year. These results show that although
social inheritancemay initially depend on close
association between mothers and offspring, it
remains stable even after the mother-offspring
association has subsided. The associations of

male offspring decreased in similarity to those of
their mothers faster than female offspring (Fig.
1D and Table 1), possibly reflecting their social
disintegration before dispersal from the clan.
In spotted hyenas, social rank plays a major

role in structuring the clan, with important
consequences for fitness (35). Rank may affect
social inheritance in at least three nonmutually
exclusiveways. First, offspring of higher-ranked
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Fig. 1. Social inheritance and its ontogeny in spotted hyenas. (A) An
illustration of correlation in association strengths, our measure of social
inheritance. The association index measures the strength of association
between two hyenas over one calendar year. The correlation in association index
measures the similarity in association with others between two hyenas over
one calendar year. In this illustration black points indicate a pair of individuals
that are similar in their associations with others, whereas red points represent
a pair whose associations with others are not similar. (B) Comparison of densities
of correlations in AIs within pairs of hyenas. Mother-offspring pairs versus
other pairs demonstrate that mother-offspring pairs have higher correlations than
other pairs. (C) A comparison of densities of correlations in AIs within pairs of

hyenas, as a function of their distance in the maternal pedigree. Sample size is the
number of dyads for each distance on the tree. (D) Ontogeny of social inheritance.
Boxplots depict the distribution of correlation between the AIs of mothers
and those of their offspring, starting with the first year in which the offspring
was observed at least 20 times away from the den. (E) Ontogeny of mother-
offspring relationship. Boxplots depict the distribution of AIs of mothers and their
offspring, starting with the first year the offspring was observed at least
20 times away from the den. (F) The hyena maternal pedigree. This tree shows all
known maternal relationships within the Talek clan of spotted hyenas over
27 years. Red and blue circles depict females and males, respectively. Older
generations are positioned higher. n = 1320 hyenas.

Table 1. Ontogeny of social inheritance. Mixed-model outcome for the correlation between mother
and offspring association with other hyenas as a function of offspring sex and years since leaving
the den. Data include the first 6 years after offspring left the den. Mother-offspring pair ID was set as
a random factor. n = 822 cases of 342 mother-offspring pairs.

Estimate SE df t value P

Intercept 0.55 0.02 779.82 22.53 0.00
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ..... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .

Years since leaving den −0.02 0.01 717.22 −2.53 0.01
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ..... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .

Offspring sex (ref:female) 0.07 0.04 814.95 1.72 0.09
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ..... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .

Years since leaving den:Offspring sex −0.04 0.02 740.59 −2.43 0.02
. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ..... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .
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ods for details). Using a maximum likelihood
approach, we inferred the probability pn of
offspring to inherit a given association strength
from the full dataset including the association
strengths ofmothers and offspring in each year
with all other hyenas (n= 65,597 associations).
The inferredpnwas 0.403 ± 0.003 (P < 0.001).
This probability is close to themean difference
in correlation coefficients between mother-
offspring pairs and other pairs (Fig. 1B), sug-
gesting that our social inheritance estimates
are robust.
Our dataset also allows us to study the on-

togeny of mother-offspring social inheritance.
We found that in the first 4 (for males) or 6
(for females) years after the offspring left the
den, social relationships remained similar to
those of themothers (Fig. 1D and Table 1). The
median correlation coefficient of mother vs.
offspring association indices with other hyenas
varied between 0.44 and 0.67 in the first 6 years
in which they overlapped. This similarity in so-
cial relationships remained high evenwhen the

strength of the relationship between offspring
and mother decreased over the years (Fig. 1E
and table S2), from amedian of 0.14 in the first
year after the offspring left the den to 0.05 in
the sixth year. These results show that although
social inheritancemay initially depend on close
association between mothers and offspring, it
remains stable even after the mother-offspring
association has subsided. The associations of

male offspring decreased in similarity to those of
their mothers faster than female offspring (Fig.
1D and Table 1), possibly reflecting their social
disintegration before dispersal from the clan.
In spotted hyenas, social rank plays a major

role in structuring the clan, with important
consequences for fitness (35). Rank may affect
social inheritance in at least three nonmutually
exclusiveways. First, offspring of higher-ranked
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Fig. 1. Social inheritance and its ontogeny in spotted hyenas. (A) An
illustration of correlation in association strengths, our measure of social
inheritance. The association index measures the strength of association
between two hyenas over one calendar year. The correlation in association index
measures the similarity in association with others between two hyenas over
one calendar year. In this illustration black points indicate a pair of individuals
that are similar in their associations with others, whereas red points represent
a pair whose associations with others are not similar. (B) Comparison of densities
of correlations in AIs within pairs of hyenas. Mother-offspring pairs versus
other pairs demonstrate that mother-offspring pairs have higher correlations than
other pairs. (C) A comparison of densities of correlations in AIs within pairs of

hyenas, as a function of their distance in the maternal pedigree. Sample size is the
number of dyads for each distance on the tree. (D) Ontogeny of social inheritance.
Boxplots depict the distribution of correlation between the AIs of mothers
and those of their offspring, starting with the first year in which the offspring
was observed at least 20 times away from the den. (E) Ontogeny of mother-
offspring relationship. Boxplots depict the distribution of AIs of mothers and their
offspring, starting with the first year the offspring was observed at least
20 times away from the den. (F) The hyena maternal pedigree. This tree shows all
known maternal relationships within the Talek clan of spotted hyenas over
27 years. Red and blue circles depict females and males, respectively. Older
generations are positioned higher. n = 1320 hyenas.

Table 1. Ontogeny of social inheritance. Mixed-model outcome for the correlation between mother
and offspring association with other hyenas as a function of offspring sex and years since leaving
the den. Data include the first 6 years after offspring left the den. Mother-offspring pair ID was set as
a random factor. n = 822 cases of 342 mother-offspring pairs.

Estimate SE df t value P

Intercept 0.55 0.02 779.82 22.53 0.00
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Documenting social inheritance in 
spotted hyenas by quantifying the 
similarity of parents’ and offspring’s 
connections with third parties in the 
group. Panel B (from Ilany et al. 2021) 
shows that mother-offspring pairs’ 
correlation between association indices 
(AI) with third parties are significantly 
higher than random pairs. Panel D shows 
that this high correlation persists 
through several years, despite mother-
offspring association itself declining over 
this period (not shown here). 



(non-inherited) connections, but once cooperation evolves, it creates selection to make more 
random connections. In this way, cooperation undermines itself by changing network structure. 
 
Further work investigated the spread of socially learned behaviors and skills on dynamic and 
evolving social networks (Smolla and Akcay, 2019). We found that selection or different kinds of 
socially acquired skill sets (specialist vs. generalist) creates different kinds of social networks 
(densely vs. sparsely connected, respectively). In a paper about to be finished, we are exploring 
the coevolution of cumulative culture, social learning strategies, and social networks in varying 
environments (Smolla and Akcay, in prep; see Figure). We find that learning strategies favoring 
breadth (learning a lot of different things) vs. depth (learning few things very well) favor sparse 
and dense social networks, respectively, and the converse is also true. The positive feedback 
between learning strategies and social structure locks populations into different cultural 
regimes.  
 

 
Evolution of norm psychology and timing of contributions to public goods 
 
Other recent work funded through the grant considered the how the human capacity of 
internalizing social norms and feeling guilt about violating them might evolve in structured 
populations (Akcay and Van Cleve 2021). We found that biological propensity for norm 
internalization can evolve in group-structured populations as a way to avoid external 
punishment and that it can sustain cooperation in public goods settings. Earlier work (Morsky 
and Akcay, 2019) investigated how inherently meaningless, random signals can evolve to have 
normative meaning for observers because they allow coordination of actions. These models 
point to different ways in which human norm psychology can evolve.   

  

 
Figure 5. Mismatches arise where learning strategies and social networks evolve independently. Results in a
compare average payo� (as an indicator for success) and average weighted cluster size (as an indicator for network
structure) for simulations where linking parameters coevolve with learning strategies (coevo) and where learning
strategies are fixed (nocoevo). Learning traits that are favoured in their environment show no di�erence between
co-evolving and non-evolving simulations. However, learning traits that are not favoured in their environment,
form networks that are more similar to the other trait (e.g. more connected networks for breadth learners in slow
turnover, high variance environments). In general, co-evolution of learning traits and network structure leads to
divergent evolution between the two. Arrows indicate how results change when learning strategies and networks
co-evolve. Results in b are from simulations with fixed linking parameters. Here, learning traits evolve largely
in response to network density and connectivity, but less in response to the environment. This is why across
the tested environments we find depth learning to be the most frequent trait whenever networks are dense and
connected (high pn and/or high pr). In environments with slow turnover, strong local clustering (high pn) also
favours the evolution of depth learning. Simulations were run for fast and slow turnover (⌧ 2 {10-1, 10-4}) and
for high and low payo� variability (�2 2 {1, 0.4}).

For fixed linking traits, we find depth learners in dense (high pn and pr) and breadth
learners in sparse (low pn) and unconnected (low pr) networks across all environments (Fig.
5b). Therefore, the two learning traits evolve in response to network shape as we would
expect. Again, we find mismatches between learning traits and the environment, i.e. high405

proportions of depth learners in high turnover environments, where we would not observe
them when linking parameters can evolve (Fig. 3a). This suggests that the constrains set by
the shape of knowledge networks largely overwrite environmental signals and incentives.

Both sets of simulations suggest that when learning traits and network structure evolve
independently, populations might end up mismatched with their network structure or their410

environment. Where they co-evolve we find stronger divergent evolution between depth and
breadth learners.

15

Evolution of different learning strategies 
in varying environments and dynamic 
networks: each panel in the figure 
corresponds to a different environment 
where the payoffs from different skills 
vary a lot or a little (top vs. bottom) and 
the payoffs change over time slowly or 
fast (left vs. right). Within each panel the 
evolved proportion of agents that prefer 
to engage in depth learning (getting 
better in skills they already know) as a 
function of the network-structuring 
parameters: pn, the probability of social 
inheritance, and pr, the probability of 
making random connections. The figure 
shows that slow turnover and high 
variance environments favor depth 
learning, but across all environments, 
denser networks (high pn and/or pr) also 
favor depth learning. 



We also considered how the temporal spread of public goods production changes the 
evolutionary dynamics of contributions (Morsky et al. 2020). We found that when the timing of 
contributions is under positive frequency dependence, as individuals living in the same group 
are selected to coordinate the speed of their contributions.  
 
General outlook 
 
I have published a synthesis paper that puts the overall thrust of this project in the general 
context of what is next for social evolution theory (Akcay, 2020): in particular, results from this 
project point to an emerging direction for social evolution theory where the setting in which 
social behaviors co-evolves with the behaviors themselves. The results above show such 
coevolution can lead to unexpected dynamics and can explain the diversity and functioning of 
social systems in nature and human societies. In addition, we contributed to several other 
review papers dealing with cultural evolution and social learning.  
 
Publication list 
 
In preparation 
 
Smolla, M. and Akcay, E. Coevolution of culture, learning, and social structure in variable 
environments. Manuscript in preparation. 
 
Published 
 
Ilany, A., Holekamp, K.E. and Akçay, E., 2021. Rank-dependent social inheritance determines 
social network structure in spotted hyenas. Science, 373(6552), pp.348-352. 
 
Perry, S., Carter, A., Smolla, M., Akçay, E., Nöbel, S., Foster, J.G. and Healy, S.D., 2021. Not by 
transmission alone: the role of invention in cultural evolution. Philosophical Transactions of the 
Royal Society B, 376(1828), p.20200049. 
 
Smolla, M., Jansson, F., Lehmann, L., Houkes, W., Weissing, F.J., Hammerstein, P., Dall, S.R., 
Kuijper, B. and Enquist, M., 2021. Underappreciated features of cultural evolution. 
Philosophical Transactions of the Royal Society B, 376(1828), p.20200259. 
 
Akçay, E. and Van Cleve, J., 2021. Internalizing cooperative norms in group-structured 
populations. In: Cooperation and conflict: The interaction of opposites in shaping social 
behavior, editors: Wilczynski, W. and Brosnan, S. Cambridge University Press. pp.26-44. 
 
Akçay, E., 2020. Deconstructing evolutionary game theory: coevolution of social behaviors with 
their evolutionary setting. The American Naturalist, 195(2), pp.315-330. 
 
Morsky, B., Smolla, M. and Akçay, E., 2020. Evolution of contribution timing in public goods 
games. Proceedings of the Royal Society B, 287(1927), p.20200735. 



 
Perry, S. and Smolla, M., 2020. Capuchin monkey rituals: an interdisciplinary study of form and 
function. Philosophical Transactions of the Royal Society B, 375(1805), p.20190422. 
Smolla, M. and Akçay, E., 2019. Cultural selection shapes network structure. Science advances, 
5(8), p.eaaw0609. 
 
Molina, C., Akçay, E., Dieckmann, U., Levin, S.A. and Rovenskaya, E.A., 2020. Combating climate 
change with matching-commitment agreements. Scientific reports, 10(1), pp.1-12. 
 
Gilman, R.T., Johnson, F. and Smolla, M., 2020. Competition for resources can promote the 
divergence of social learning phenotypes. Proceedings of the Royal Society B, 287(1921), 
p.20192770. 
 
Smolla, M. and Akçay, E., 2019. Cultural selection shapes network structure. Science advances, 
5(8), p.eaaw0609. 
 
Morsky, B. and Akçay, E., 2019. Evolution of social norms and correlated equilibria. Proceedings 
of the National Academy of Sciences, 116(18), pp.8834-8839. 
 
Smolla, M., Rosher, C., Gilman, R.T. and Shultz, S., 2019. Reproductive skew affects social 
information use. Royal Society open science, 6(7), p.182084. 
 
Akçay, E., 2018. Collapse and rescue of cooperation in evolving dynamic networks. Nature 
communications, 9(1), pp.1-9. 
 
Dridi, S. and Akçay, E., 2018. Learning to cooperate: The evolution of social rewards in repeated 
interactions. The American Naturalist, 191(1), pp.58-73. 




