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occur with agriculture but evolved (long) before it (also see Sterelny
2014; Tomasello et al. 2012). Following Hrdy (2009), we think,
instead, that the transition to a cooperative breeding system and
the cognitive adaptations that came along with it (Burkart et al.
2009) are key to understanding the evolution of human pro- and
ultrasociality. Recent comparative studies have established, for
example, that, compared to non-cooperatively breeding species, co-
operative breeders show higher levels of unsolicited prosociality
(Burkart et al. 2014) and solve collective action problems better, in-
cluding cooperative resource defense (Willems et al. 2013; Willems
& van Schaik 2015), which is a necessary precondition for the advent
of agriculture (see, e.g., Gat 2008, for a detailed account of the im-
portance of working group defense for sedentariness in humans).
Cooperative breeding is closely associated with living in family
groups in many animals (Hatchwell 2010; Hughes et al. 2008;
Sharp et al. 2011), and humans here are no exception (Hill et al.
2011;Walker 2014). We therefore hold that this earlier phylogenetic
phase is a better candidate for the evolutionary stage during which
the suppression of individual fitness interests for the benefit of the
respective subsistence groups was promoted by natural selection.
In the case of humans these subsistence groups consisted of coop-
eratively breeding families. Therefore, kin-selection (with due
regard to parent–offspring conflict dynamics; see Trivers 1974), in
our view, suffices to explain why we evolved a readiness to bend
to the interests of our families (Voland 2014) and our extended
in-groups, even if this entailed substantial individual fitness costs
(Rusch 2015) potentially even as high as one’s own life (Rusch 2014).

Taking these considerations into account, we suggest that only
after cooperative family units had eventually become the funda-
mental building blocks of our species’ social organization, larger
societies became possible, that is, functional collaborations of mul-
tiple extended families. In line with G&K’s deliberations again, we
also think that the Neolithic transition marks an important later
phase in which coalitions of families that were able to collabora-
tively cultivate and successfully defend their resources began to
reap the benefits of agricultural economy allowing for surplus pro-
duction, high levels of division of labor, and, eventually, large pre-
state and even larger state societies. For this late phase of human
prehistory, we agree with G&K that our evolved nepotistic prefer-
ences alone might not suffice to explain why these larger societies
held together. It is indeed very puzzling, for example, why almost
every historical agricultural population readily fought their socie-
ties’ wars, which were often started by remote chiefs, kings, or
governments. The economic constraints highlighted by G&K,
we think, will certainly prove to be important parts of a successful
explanation of this phenomenon (see, e.g., Turchin et al. 2013).

In summary: We think that G&K correctly identify the require-
ments of agricultural production as an important component of the
last part of the human evolutionary trajectory towards ultrasociality.
We would like to add, however, that not only in eusocial insects, but
also in humans, genetic relatedness likely has played a decisive role
in the evolution of the social structure allowing for this new form of
economy. There is an important intermediate level between the in-
dividual and “society” in humans: the (extended) family. Thus, we
suggest that G&K’s outline of the evolution of human ultrasociality
would benefit from incorporating the family-level of human social
organization – particularly because the importance of kinship is so
obvious in the organization of agricultural production even today.
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Abstract: The evidence Gowdy & Krall (G&K) provide is more consistent
with a biological markets explanation of human ultrasociality than a group
selection explanation. Specifically, large-scale societies provide a better
biological market for cooperation than do small-scale societies, allowing
individuals to increase their fitness. Importantly, many of the quality-of-
life costs G&K discuss (e.g., patriarchy) are not fitness costs.

Many of the costs Gowdy & Krall (G&K) describe for individuals
in agricultural groups (e.g., patriarchy) are not fitness costs.
Instead, they are quality-of-life costs. The authors themselves
demonstrate the distinction between fitness and quality-of-life
costs quite nicely when they observe that: “Women in agricultural
societies had many more offspring than hunter-gatherer women,
but their lives were shorter and arguably less satisfying” (target
article, Note 27).

Separating fitness costs from quality-of-life costs is important
because only fitness costs matter for natural selection: Individu-
al-level selection will favor individuals who have more offspring
over those who have fewer offspring, even if the individuals who
have more offspring also have shorter and less satisfying lives.
By conflating fitness costs and quality-of-life costs, G&K overesti-
mate the evolutionary costliness to an individual of living in an ag-
ricultural group. This overestimation leads to the (incorrect)
conclusion that the costs to individuals often outweigh the bene-
fits. This conclusion leads to the (incorrect) inferences that indi-
vidual-level selection is insufficient to account for human
ultrasociality, and that group-level selection must be involved.

Although group selection is not involved in human ultrasocial-
ity, we do agree with G&K that agriculture and human ultrasocial-
ity are related. As G&K note while invoking Adam Smith, there
are “efficiencies inherent in expanding the division of labor”
(sect. 3.2, para. 5). Thus, individuals in societies with more divi-
sion of labor have access to more resources than individuals in so-
cieties with less division of labor.

To this picture, we add that the additional resources are dispro-
portionately available to the individuals who are trusted as the best
cooperators. Using a common metaphor in biology, individuals
compete with each other in a “biological market” to be chosen
as trustworthy interaction partners: although selfish behavior
may lead to higher short-term rewards, a good moral reputation
can lead to higher long-term rewards from continued collabora-
tions (André & Baumard 2011; Noë & Hammerstein 1994). In
this way, the pressure exerted by the existence of partner-choice
can promote high levels of prosocial behavior (Barclay 2013;
Debove et al. 2015). In sum, the extreme division of labor in ag-
ricultural societies provides new opportunities for cooperative in-
dividuals to engage in more productive collaborations and to trade
for mutual individual benefit.

According to our biological markets account, large-scale socie-
ties spread not because they contain individuals whose prosocial
behaviors entail sacrificing their own welfare for the benefit of
the group, but because they contain individuals whose prosocial
behaviors entail access to cooperative opportunities that increase
their own fitness. Thus, individuals in large-scale societies have
higher average fitness (Diamond 1997). This process has been de-
scribed as a form of “cultural group selection” in which a group has
higher fitness because each individual has higher expected fitness
(Henrich 2004). However, to avoid confusion, the phrase “group
selection,” with its typical implication that individuals take costs to
promote group welfare, is best avoided (e.g., Pinker 2012).

One of the reasons a group selection account of the switch to
agriculture may be attractive is that some individuals in agricultur-
al societies have lower fitness than they would have in a small-scale
society. An agricultural group with a relatively large number of in-
dividuals having no offspring and some individuals having very
many offspring invites the hypothesis that the worse-off
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individuals are sacrificing their welfare for the group. However,
our biological markets account is compatible with some individu-
als in a large-scale society having low reproductive success. Given
that average fitness is higher in large-scale societies, this situation
would come about when there is higher variability in the fitness of
individuals (for an overview of “reproductive skew” across many
species, see Clutton-Brock 1998). Higher variability in reproduc-
tive success makes living in an agricultural society a high-risk but
potentially high-reward situation, with an overall higher expected
fitness for each individual. Those individuals who end up with
lower reproductive success do not have a prosocial adaptation
that causes them to sacrifice for the group – they simply ended
up at the losing side of the high-risk–high-reward spectrum.

Regarding autonomy, our biological markets account is the
reverse of what G&K describe: Whereas they characterize the
specializations pursued by individuals in an agricultural society
as disadvantageous losses of autonomy, we characterize opportu-
nities to pursue specializations as advantageous gains in collabora-
tive opportunities. The number of ways in which a person can
“make a living” is vastly larger in large-scale societies than in
small-scale societies. Note that this explanation is specific to the
human switch to agriculture: Whereas it is the case that behavior-
ally flexible humans have more options for engaging in productive
(fitness-increasing) activities when in an agricultural society,
insects with morphologically defined roles do have less autonomy
than individuals without such specialization.

Furthermore, as societies increase in size, the relatively higher
division of labor first associated with the switch to agriculture can
become further intensified from a positive impact of societal
structure on moral psychology. Humans begin with a moral psy-
chology that is particularly focused on maintaining fair relation-
ships for collaborations (Baumard & Sheskin 2015), a feature
not present in even our closest evolutionary relatives (e.g.,
Sheskin & Santos 2012). Once large-scale societies emerge, the
benefits available from cooperative activities increase, and so the
value of a cooperative reputation increases (Delton et al. 2010).
Finally, as societies grow and individuals gain more wealth and
therefore long-term security, individuals are free to focus more
on the best long-term strategies (such as moral behavior to
support cooperative interactions) rather than on short-term strat-
egies that maximize immediate payoffs (Baumard et al. 2015;
Nettle et al. 2011; Sherman et al. 2013).

In sum, the evolutionarily relevant costs of living in an agricul-
tural group are lower than G&K expect (because only fitness costs
should be included in the calculation), and the fitness benefits of
living in an agricultural group are higher than G&K expect
(because more division of labor is associated with greater
returns from a better biological market for cooperation). The in-
dividual-level benefits of living in a large-scale society with an ad-
vanced biological market for cooperative partners explain the
spread of agriculture and ultrasociality.

Does ultrasociality really exist – and is it the
best predictor of human economic behaviors?
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Abstract: We agree that human economic structures can be informed by
comparative analyses; however, we do not agree with several of Gowdy &
Krall’s specific assertions, which may hinder the generative potential of

their model. We discuss these limitations from both biological and
economic perspectives, and offer an alternative explanation for the
expression of human economic behaviors based on individual
optimization strategies.

We agree with Gowdy & Krall (G&K) that human economic be-
haviors and group structures can be informed by comparative
analyses; however, we also believe that several of their specific as-
sertions do not converge with conventional biological and eco-
nomic perspectives, limitations that may be better explained by
individual optimization models. From a biological perspective, it
is unclear which convergent evolutionary selection forces would
have resulted in both complex human behaviors and behaviors
found in a select handful of insect species. For one, insects
evolved in the context of competition with external forces in
nature (e.g., climatic changes, predator–prey interactions, geogra-
phy), potentially supporting G&K’s proposition that ultrasocial
insects are inherently motivated to increase the size of their pop-
ulation. By comparison, the types of adaptations (e.g., abstract
cognitive representations, theory of mind, mental time travel, psy-
chosomatic illness, emotional expression) that characterize
humans are instead believed to have arisen from intra-species se-
lection pressures and hence competition among humans (Alexan-
der 1989; Vigil 2009). Under these circumstances, where
unrelated conspecifics pose the greatest selection forces to the in-
dividual, increasing one’s number of competitors does not appear
to offer a discernible fitness advantage. Likewise, because popula-
tion size is related to the extent of societal stratification (class hi-
erarchies, disparate access to resources) within the population, it is
difficult to imagine how individuals who may reap very little from
the broader economic system (and may even be compromised by
the efficiency of its structure) would be incentivized to contribute
to such a system – for example, via labor specialization – at the cost
of individual fitness losses.
Further, the insects that G&K discuss (e.g., ants, bees) tend to

share high degrees of genetic relatedness and engage in reproduc-
tive patterns (e.g., monogamous mating) that limit genetic vari-
ability (Andersson 1984; Hughes et al. 2008). Therefore, the
expression of eusociality in these species can best be explained
by the concept of inclusive fitness, or the maximization of collec-
tive (genetic) fitness via the propagation of shared genes (Hamil-
ton 1964). Unlike any known insect species, humans also engage
in selective acts of reciprocal altruism with non-kin in order to
maximize the individual’s personal competitiveness and genetic
fitness (Trivers 1971; Vigil 2007; 2009). Lastly, it is unclear why
economic behaviors may be best informed by observations of
non-human species viewed as “ultrasocial,” rather than, for
example, (a) less social species (e.g., crickets) or (b) more social
species (e.g., primates), which could, respectively, offer either a
broader behavioral framework or more precision in predicting
specific economic structuring.
From an economic perspective, the transition from fragmented

groups of hunters and gatherers to large agricultural societies is
also not explained well by ultrasociality, and the characteristics
of ultrasociality do not manifest consistently across humans and
ants. The authors state that ultrasociality (which leads to labor spe-
cialization, economies of scale, and ecological dominance) arises
from the competitive advantage associated with producing one’s
own food and leads to greater economic surplus. However, com-
parative advantage suggests that specialization by groups leads to
greater economic surplus than one group managing the entire
process of food production. The benefits of labor specialization
also arise from comparative advantage. In the case of ants, pheno-
types determine which types of ants have the lowest opportunity
costs for different roles in the colony, and, with only one food
source, there is little benefit in trading across colonies. In
humans, culture and social prejudice continue to prohibit
optimal division of labor, especially across genders and racial/
ethnic groups, with women and minority races assigned to lesser
positions regardless of the actual opportunity cost associated
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