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The ability to develop cultural adaptations to local environments is critical to

the biological success of humans. Although overall population size and con-

nectedness are thought to play an important role in increasing the rate of

cumulative cultural evolution, the independent effect of dispersal rules on

rates of cultural evolution has not been examined. Here, a computational

model is used to explore the effect of dispersal on the rate of cultural evolution

in traits transmitted patrilineally (from father to son), matrilineally (mother to

daughter) and bilineally (through both sexes). Two dispersal conditions are

modelled: patrilocality (where females disperse and males stay) and bilocality

(where either sex may disperse). The results suggest that when only females

disperse, the capacity for cumulative cultural evolution in traits shared only

among males is severely constrained. This occurs even though overall rates

of dispersal and the number of cultural models available to males and females

are identical in both dispersal conditions. The constraints on the evolution of

patrilineally inherited traits could be considered to represent a process of

‘cultural inbreeding’, analogous to genetic inbreeding.
1. Background
Even before the emergence of agriculture, humans had colonized almost all parts

of the Old and New World [1]. Critical to this extraordinary biological success

is our ability to establish cultural adaptations to local environments, an ability

underpinned by our propensity for social learning, language and advanced

social cognition [2]. Learning socially, we are able not only to inherit skills and

technologies but also to innovate upon them, leading to a ‘ratcheting’ process

of cumulative cultural evolution that allows the emergence of cultural traits and

technologies that could never be generated through individual learning alone [3].

Several modelling, empirical and experimental studies have demonstrated the

role of population size and connectedness in driving cultural evolution [4–6] and

increased population size and density has been advanced as a potential expla-

nation for increases in cultural complexity in the archaeological record [4].

Empirical evidence, however, does not consistently support the population size

hypothesis [7,8] and if population size were the sole driver of cultural evolution,

we might ask how hunter–gatherers, living in small bands of around 20 adults

[9,10], are able to maintain effective cultural and technological adaptations.

The answer may lie in distinctive aspects of hunter–gatherer social organiz-

ation. The multi-family social structure within bands and the high mobility of

households between bands may both facilitate local cultural exchange [11,12].

Some hunter–gatherer populations also have cultural institutions that facilitate

long-distance social relationships, such as the hxaro exchange system of the !Kung

San [13]. One aspect of social organization that requires greater attention with

respect to cultural evolution is dispersal. Human societies show great variation in

patterns of dispersal and residence, varying between female dispersal (patrilocal-

ity) and male dispersal (matrilocality). Most small-scale hunter–gatherer societies
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Figure 1. Effect of dispersal on group relatedness and rate of cultural evolution. Mean coefficient of relatedness (r) to the group for males (dotted blue), females
(dashed red) and overall (solid black) under (a) patrilocal dispersal and (b) bilocal dispersal after 100 generations of the model. Accumulation of cultural skills
transmitted bilineally (squares), matrilineally (circles), patrilineally (triangles) under (c) patrilocal dispersal and (d ) bilocal dispersal. All points are the mean of
200 simulations with a ¼ 3 and b ¼ 1.5. Maximum standard deviation of any point is +0.017 in (a,b) and +11.97 in (c,d). (Online version in colour.)
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fall between these extremes, having flexible ‘multi-local’ systems

of residence in which either men or women may leave their natal

group to marry (bilocality) and where households frequently

move between camps [9,10,14]. Although the residence systems

of hunter–gatherers may represent an extreme case of flexibility,

social institutions that facilitate interactions between groups are

a common feature of human social organization more generally

and are in contrast to the more bounded, territorial and female-

dispersal system typical of chimpanzees and, to some extent,

bonobos [15,16].

Here, a computational model is used to explore the effect

of bilocal versus patrilocal dispersal on the rate of culutral

evolution in traits that are transmitted matrilineally (through

females only), patrilienally (through males only) and bilin-

eally (through both sexes). The distinction between these

kinds of inheritance is particualrly salient for hunter–

gatherer societies, where the sexual division of labour in

foraging means that many technologies and skills are likely

to be transmitted only among one sex [17].
2. Material and methods
The model considers a population consisting of G groups of N
individuals. In every iteration of the model, a new generation

of N/2 agents are born. These agents are randomly assigned a

father and mother from the existing males and females in their

group. In all versions of the model, half of the new generation

of agents disperse to another group, and half remain in their

natal group. In the ‘patrilocal’ condition, only females disperse
from their natal group—males always remain. In the ‘bilocal’

condition, an equal number of males and females disperse.

Although single-sex dispersal is here framed as patrilocality,

the same results would be generated for matrilocality (where

males disperse and females remain).

Cultural transmission in the model is based on the process of

transmission used by Powell et al. [4], building on Henrich [5].

All individuals in the initial population have a skill value

(z-score) that represents their proficiency in some cultural or tech-

nological domain. Individuals acquire their z-score in a two-step

process. First, they inherit skills ‘vertically’ from their parents.

This inheritance is assumed to be an imperfect process that can

result in the learner having a lower skill level than their parent

but which can also result in innovation, allowing offspring to

have a greater skill level than their parent. After dispersal has

occurred, agents can learn ‘horizontally’ from members of their

group. Agents will acquire the z-score of any group member

who has a higher score than their own with a probability pro-

portional to the difference between the two scores. Since

individuals are, therefore, able to recognize and preferentially

learn from more successful agents, this process of horizontal

transmission can be considered rational and directed—individuals

actively seek to increase their skill level.

The rate of evolution is explored for three kinds of inheri-

tance: bilineal, patrilineal and matrilineal. Patrilineal traits are

transmitted vertically from father to son and then horizontally

among male group members. Matrilineal traits are transmitted

vertically from mother to daughter and then horizontally

among female group members. Bilineal traits can be transmitted

from both parents to both male and female offspring and are

then horizontally transmitted among all group members.

Unless otherwise stated, the population consists of 20 groups
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Figure 2. Dynamics of cultural transmission across parameter space given patrilocality. (a) Mean skills levels (z) after 100 generations across varying number of
groups of 24 individuals. (b) Mean skill levels (z) after 100 generations across 20 groups of varying size. (c) The difference between mean patrilineal and matrilineal
skill levels (z) after 100 generations across a range of values of a and b, with lines linking the values of b relative to a. In all panels, points are the average of
30 simulations. Maximum standard deviation of any point is +17.85 in (a), +15.28 in (b) and +89.05 in (c). (Online version in colour.)
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of 24 individuals, approximating group and population sizes for

ethnographically observed hunter–gatherer populations [9].

Further description of the simulations is provided in the

electronic supplementary material.

3. Results
The patrilocal condition resulted in substantial differences in

the relatedness of men and women to their group, with men

being more than three times as closely related to group mem-

bers across much of the range of G (figure 1a,b). Compared

with bilocal dispersal, patrilocality (where females disperse

and males remain) also significantly limited the mean z of

patrilineally inherited traits (e.g. at a ¼ 3 and b ¼ 1.5, mean

patrilineal z in the patrilocal condition z ¼ 34.70, s.d. ¼ 3.94;

mean patrilineal z in the bilocal condition¼ 143.97, s.d. ¼

12.32 after 100 generations, figure 1c,d). This difference is

observed across a large number of generations (electronic sup-

plementary material, figure S1) and across the range for group

numbers, group size and values of a and b (figure 2; electronic

supplementary material, S2).

The reduction in the mean z of patrilineally inherited traits

caused by patrilocal residence occurs without causing a substan-

tial reduction in the mean z scores for matrilineal traits (mean

matrilineal z in the patrilineal condition¼ 152.62, s.d. ¼ 13.13;

mean matrilineal z in the bilocal condition¼ 146.33, s.d. ¼

12.32) and without any change in mean z for bilineal traits

(mean bilineal z in the patrilineal condition¼ 269.85, s.d. ¼

12.98; mean bilineal z in the bilocal condition ¼ 269.01, s.d. ¼

11.10, figure 1c,d). Critically, the differences in the evolution of

patrilineally inherited traits between the patrilocal and bilocal

conditions emerge despite the fact that in all conditions of the

model men and women are learning from the same number

of cultural models and that the overall dispersal rates are iden-

tical (in both the bilocal and patrilocal conditions, 50% of

individuals leave their natal group and 50% remain).

4. Discussion
The results suggest that single-sex dispersal may constrain

the rate of cultural evolution in traits transmitted only
among the non-dispersing sex. These results have several

implications. Firstly, the flexible ‘bilocal’ residence typical of

small-scale hunter–gatherers may promote cultural

exchange, especially when combined with high mobility

between groups. Secondly, sex-biased residence in humans

may result in sex differences in the diversity of cultural

traits, although these differences may be mitigated by other

mechanisms that promote exchange between groups

(e.g. affiliation to a wider tribal or linguistic community).

Finally, beyond humans, the bounded and female-dispersal

system typical of chimpanzees may create sex differences in

cultural traits. Although further empirical evidence would

be needed to associate sex differences with dispersal, such

sex differences do appear to exist, with female chimpanzees

using tools more frequently than males across sites (e.g.

females are more likely to hunt with tools [18] and use

natural hammers to crack nuts in the wild [19]).

Of course, flexible systems of residence may have benefits

beyond facilitating cultural evolution. Where households can

switch between living with the family of the husband and the

family of the wife, they may have access to a much larger

number of communities, allowing them to avoid local eco-

logical depletion, to take advantage of seasonally available

resources and to more easily ‘walk-away’ from tyrannical or

uncooperative group members [20,21]. At a population

level, a fluid social organization may also promote genetic

diversity. Indeed, a hunter–gatherer style system of social

organization has even been invoked to explain the lower

levels of inbreeding found among anatomically modern

humans as compared with Neanderthals in the European

Upper Palaeolithic [22]. The results presented here suggest

that more flexible systems of residence may promote not

only genetic but also cultural diversity, allowing individuals

to avoid a process of cultural inbreeding analogous to that of

genetic inbreeding.
Data accessibility. Model code is available as the electronic supplemen-
tary material.
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