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Introduction: The problem of upscaling local mobility

Ethnography has taught us to mistrust models of mobility that are purely

resource-driven: We know that foragers often move for social reasons and

rather anchor their moves in a region than to randomlymove all over the place

driven by ecological necessity. But the ethnographic models of mobility also

have their limitations since they beg the question as to how things change in

terms of long-term processes such as human movement out of Africa. More-

over, the ethnographic models tend to create a fundamental rift and bipolar

opposition between small-scale foragers and larger populations with little in-

dication as to how one could transform into the other.

In this chapter we report on some results from agent-based simulations

that allow us to envisage a move from local to cross-regional mobility and a

shift from small-scale mobility to larger-scale dispersal. We revisit the fis-

sion-fusion pattern and suggest how it can be reconceived so that it connects

to out-of-region migration. We simulated how kinship rules influence popu-

lation size and suggest how such simulations can help us explain moves from

small to larger and from latent to actual wider networks. Finally, we discuss

how hunter-gatherer ways of perceiving their environment and their social

relationships can be reconciled with scenarios in which hunter-gatherers can

upscale their mobility and broaden their social relationships without a cate-

gorical break with their modes of perception.

The collaborative research centre from which this contribution arises was

entitled “Our way to Europe” and several case studies were conducted on

present-day hunter-gatherers (in central African rainforest environment, in

east African savanna environments and in southern African semi-desert en-
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vironments1). These case studies strengthen the ethnographic record of hu-

man mobility which also serves as a baseline when modelling mobility of the

past. However, to simply take cases of present-day African hunter-gatherers

as analogues for the past has its limits since these groups are in fact people

who did not move to Europe and have shown no inclination to do so. Their

mobility is not one of inter-continental travel, it is not even one of far-dis-

tance and cross-regional migration. At the same time, when seeking to make

the ethnography of contemporary people productive for questions of long-

term dispersal, it seems likely that the evidence from today’s African hunter-

gatherers and their mobility patterns may be more relevant to processes in

the distant past than the typical intercontinental migration of today which is

conditioned by nation states and modern travel infrastructures. What would

anthropological models of African foragers need to look like that try to explain

how a large-scale intercontinental move emerged against the backdrop of the

mobility patterns that we find wide-spread in small-scale societies that are

observed today? How did a movement to Europe emerge from societies that

were mobile but not migratory in the narrow recent sense?

The conventional models of fission-fusion dynamics

Why do we need “special” models to deal with human expansion out of Africa

in the first place? After all, there are highly technical general models of mo-

bility in existence (see Widlok 2016, 2017a). Most of these are rational choice

models which claim wide applicability across time and space. For hunter-

gatherer studies Optimal Foraging Theory (OFT) is a well-known example of

these types of models (Winterhalder & Smith 2000). OFT has been used to

model not only forager mobility across the world and back deep into time

(see Kelly 1995), but they have also been employed to very different forms of

mobility, for instance the movements of visitors who “appropriate” an exhibi-

tion space in a museum (Widlok and Eghbal-Azar 2012).

Most natural scientists implicitly or explicitly adhere to such rational

choice models which they often consider to be “culture-free” as these models

claim to tap into universal rational strategies such as “least effort for max-

imal returns”. However, there are good reasons to question whether these

rational choice models are indeed universal or culture-free. To begin with,

these models have emerged in a particular cultural situation, enlightenment

1 See https://www.sfb806.uni-koeln.de/index.php/projects/s-supraregional-systems/e3
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Europe, which was predicated economically and politically on an expansion-

ist, imperial and growth-oriented culture. The “frontier” notion of humans

constantly striving for better living space has its origin in the colonization of

America, in particular the American West, which is a very specific cultural

situation (see Brody 2001). In this case the people moving were the desperate

poor, exported or fled from Europe, with no home to return to, with not

much to lose, with no particular attachment to the new land they had come

to live on, with contempt towards the indigenous people already living there

and at least in part driven by an ideology of superiority, of “multiply and

occupy” (see Turner 1893 for details on the American frontier). It is these very

specific cultural conditions – repeated by settler communities in other places,

notably Australia and southern Africa – that brought about the rationalist

“optimal” foraging paradigm: The insecure existence of the frontier explorers

depended on their being able to occupy “free” land wherever they found it.

It also depended on their ruthlessness to exterminate or expunge any locals,

and on their determination to move always forward and never backward.

Not only was this group subscribing to an ideology that makes them search

for “ever greener pastures” elsewhere, what Brody (2001) has identified as

a general agriculturalist bias towards the world. Treating land and space

as a resource has subsequently been amplified considerably by “the great

transformation” that made land an item of markets and capital investments,

disembedded from its previous social institutions and cultural meanings (see

Polanyi 1944). The explorer-colonizer-capitalists readily exchange one place

to stay for another one if the opportunity arises. This is still true for many

descendants of European settlers in Africa and elsewhere up until today. Our

research in Namibia shows that indigenous Africans often tend to cling to

a particular piece of land although they find it difficult to make ends meet

living off that land, while the descendants of European settlers, despite a

prevalent discourse of attachment to the soil, frequently migrate (again)

or switch economic pursuits if the opportunity arises. In a comparative

perspective this latter attitude towards the land is a rather peculiar and

maybe even “weird” constellation (see Henrich et al. 2010) driving a very

particular expansive movement. Nevertheless, until now climate and natural

resource models (see the HEP Human Potential as introduced by Klein et al.

2021) adopt this cultural stance. Biased by the European experience of the

last few hundred years these models assume that people will move into a

new habitat if it is available to them. Moreover, they assume that the hunting

https://doi.org/10.14361/9783839460993-004 https://www.inlibra.com/de/agb - Open Access - 
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and gathering agents of the first move out of Africa will exhibit the same

“rationality” as we find it realized in the colonial expansive movement.

A recurrent way of characterizing the difference between expansionistmi-

gratory movements of the (post)colonial era and hunter-gatherer contexts is

an emphasis on the fission-fusion pattern found in hunter-gatherer mobil-

ity.The pattern has been described in detail elsewhere (for Africa see Barnard

1992, Blackburn 1996, Widlok et al. 2012, for a general overview see Marlowe

2005) and is depicted schematically in Figure 1. It is noteworthy that envi-

ronmental features play a role in this pattern but not in a simple determin-

istic way. Barnard (1992), for instance, has highlighted that some foraging

groups in southern Africa are in fission mode during the wet season (with

water sources being abundant) and in fusion mode during the dry season

(when people congregate at few permanent waterholes) but that the opposite

also occurs in neighbouring groups: In extremely dry regions like the central

Kalahari the environment only allows fusion in the wet season when there are

sizable water sources at all, while the dry season requires groups to split up

into smaller fractions. The pattern has also been observed for hunter-gather-

ers outside Africa, outside the tropics and subtropics. Here the fission-fusion

pattern is even more marked given the considerable seasonal variation in re-

source availability (Wengrow and Graeber 2015). It has also been noted that

despite the environmental dimension just sketched there are considerable so-

cial implications to this fission and fusion pattern as it may allow people to al-

ternate between more hierarchical and centralized forms of group formation

and more egalitarian and decentral ones (see Wengrow and Graeber 2015).

Moreover, splitting and (re-)uniting occurs amongst foragers throughout the

year and often also for non-ecological reasons, primarily for reasons to do

with conflicts and conflict-resolution (Widlok 2016, 2017a, 2017b). As a whole

the fission-fusion pattern explains why many hunter-gatherers can survive

in very marginal environments and it is above all an explanation for the lim-

ited mobility which brings them back more or less in circles as they move

between a number of possible sites within a region. Although hunter-gath-

erers of today, and of the recent past, would typically establish new abodes

a little distance away from huts that were built in the past when returning

after a year or two, their mobility is largely one of re-visiting places within

a region and within a lifetime and not one of out-migration as found in the

established frontier models.

However, the fission-fusion model has also received some criticism re-

cently (see Bird et al. 2019) because not only is it commonly interpreted as an
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Figure 1: The conventionally idealized fission-fusion pattern across three stages, per-

sons group around waterholes, they disperse and re-aggregate in the following season.

environmental deterministic mobility pattern but one that follows the chang-

ing local distribution of resources over time. In other words the fission-fusion

model fits the image of relatively isolated small-scale societies that react to

local environmental changes but which remain largely unaffected by larger

scale networks. It also provides no prospect of how human populations could

have broken out of this dynamic equilibrium pattern that they have inherited

from non-human primates (see Dunbar et al. 2014, and as a critiqueWengrow

and Graeber 2015 and Graeber and Wengrow 2021: 279).

In our project we have investigated two ways of re-evaluating the fission-

fusion model in terms of the relevance of larger scale networks. One is the

embedding of the fission-fusion dynamic into that of (larger) developmental

cycles (Widlok et al. 2012) and one is to revisit the model in the light of de-

tailed ethnography. A key challenge was to account for any directional move-

ment that would take foragers outside and beyond their home region. In the

ethnographic record such directional migrations among foragers have only

been observed in situations of colonial pressure, displacement and resettle-

ment where groups were forced out of an area either by the colonialists them-

selves or by other African groups who had previously been pushed out of the

area they were occupying (see Weig 2013). How can a model that successfully

represents the resilience of land-based regional mobility that reproduces oc-

cupancy over time account for the fact that apparently in some cases there has

been a transformation of that pattern into an “outward” movement, however

slow and haphazard this may have been? Are the mechanisms that govern

fission and fusion sufficient to account for a wider dispersal as well? How

can we conceptualize such a dispersal that still preserves the hunter-gathers’
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ties to their environment, their perception of the environment as one that is

“giving” (Bird-David 1990)? We have given a partial answer by connecting the

fission-fusion model with the idea of “adaptive cycles” (Widlok et al. 2012).

The adaptive cycle idea allows us to see how a circular, homeostatic fission-

fusion movement may be turned into an upward or downward spiral through

external effects such as environmental change that may impact the system

differently in different phases of the developmental cycle and lead to some

transformation within an overall reproduction. Here we report on another

part of the answer which uses agent-based simulations for observing long

term spatial effects of fission and fusion movements that are generated from

within the social system, in particular through the social dynamics of search-

ing for appropriate marriage partners.

The Changing Group Composition Model

In optimal forager models, which are adapted from animal behaviour studies,

individual agents need someone, anyone, tomarry (ormate) in order to repro-

duce. And they need someone with whom to economically cooperate. Again,

this could be anyone. In real life situations of hunter-gatherers the situation is

more complex. People are restricted to whom they can marry (to be discussed

below); they are also restricted with whom they reside and collaborate. These

restrictions channel various options to engage in social relations, facilitating

some forms of living with one another and restraining others. Ethnographers

usually emphasize that in comparison with many agriculturalists the hunter-

gatherer mode of life allows for considerable flexibility in group composition

and individualsmake ample use of this flexibility as they “vote with their feet”,

making use of their freedom to move away. There is a degree of mutuality,

collaboration, and support so that the social system of most ethnographically

documented African hunter-gatherers is by and large geared against specific

social obligations that would lock individuals in specific households and vil-

lage communities of the type that characterize agricultural systems in Europe

(see Sabean 1990).

Hunter-gatherer mobility is also embedded in social bonds that constrain

but also enable their shifts in residence – bonds that are dispensable for ex-

plaining the behaviour of non-human animals for which models of OFT have

first been developed. Kinship in the human settings is largely performative,

which means that individuals can forge and select some links (and allow oth-

ers to lapse) through their actions such as frequent visiting, assisting, gift-
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exchange and sharing. Marriage ties, too, can be dissolved fairly easily and

most people have more than one partner in the course of their lives. But in

contradistinction to non-human contexts, social ties such as marriage or sib-

linghood do inform the residential patterns of hunter-gatherers (Woodburn

1968). Individuals (re)adjust carefully to the social expectations but also to the

requirements of particular situations. Even children from an early age on-

wards have some control of who they live with, many end up spending a great

deal of time with their grandparents. Hunter-gatherer bride service arrange-

ments involve staying with parents-in-law for a while but unlike the bride

wealth payments common in agricultural systems this does not create last-

ing dependencies of the more junior on the more senior ones. Beyond the

regularities of kinship, people in these societies also undergo great trouble to

maintain particular friendships, for instance through gift-exchange partner-

ships across time and space (Wiessner 1982).

In other words, despite a large degree of flexibility, it does matter for

people with whom they share a camp. For a long time this basic fact has been

overlooked when theorizing about the fission-fusion pattern. All that counted

was the overall number of residents in a local camp at any one point in time

(see Figure 1). The numbers seemed to even out roughly in each season which

makes the system appear to be locked in homeostasis. The ensuing pattern

looks more stable and immune to transformations than it actually is. When

we re-introduce the identity of individuals to the model, a very different pic-

ture emerges. In Figure 2 we have “specified” camp members through colour

coding. Here, despite a stable growth and decline cycle, there is considerable

change in the actual composition of these groups as only a few of the “orig-

inal” people reconvene at a place in the next fission or fusion phase of the

cycle. From the perspective of any one individual in such a fission and fusion

system there are therefore considerable changes with every “seasonal” move.

Even if the size of the local group returns to its seasonal “normal”, the size

of the group any one has lived with (and may return to live with in the fu-

ture) has actually increased. Given the high flexibility and high permeability

of local groups, individuals come to live together with a much higher number

of diverse individuals over time than at any one point in time because the

cards are shuffled again in each season. The net effects of this pattern is that

the individual networks are reaching much further than the places that the

person him- or herself has been visiting because former co-residents (at the

same time potential co-residents to be) are spread across a larger area and

individuals can activate the larger networks if necessary.
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Figure 2: The refined fission-fusion pattern in the Changing Group Composition

Model: persons around waterholes disperse and re-aggregate in different compositions

across seasons.

This more realistic type of modelling solves an issue that has been puz-

zling researchers for considerable time: Despite living in small groups, very

small groups indeed at times of the year, the groups that people identify with

and that they can rely on in terms of searching for partners (in marriage, in

exchange, and in collaboration) is actually much larger.The local organization

is not to be confused with the social organization (Bird et al. 2019: 98).The for-

mer comprises who is with whom at any given point in time while the latter

includes the “expansive and virtual patterns in ties that comprise networks

of social interaction” (Bird et al. 2019: 98). Those networks may be extensive

networks of gift-exchange as in the San hxaro system (seeWiessner 1982), net-

works of ritual affiliation, or yet other links but the effect is the same: Even

when only living together in camps of around 25 individuals, the number of

people one is in direct or indirect contact with over a lifetime can be at around

1000, and an average adult may be in contact with well over 300 other adults

and, for instance, their particular styles of working a tool (Bird et al. 2019:

97-8). The ensuing large networks are also used to transport items (material

objects but also religious cults or mythical themes) across whole continents

(see Bird et al. 2019).These links make the society also much more resilient to

environmental, ecological, or demographic crises than a very small local group

could ever be.What ismore:The established idea that small residential groups

are recruited out of homogeneous “small-scale societies” turns out to be a seri-

ous distortion in the light of evidence that small foraging groups more often

than not consist of affines and not of close blood relatives or spouses (Bird

et al. 2019: 102). As is the case with indigenous Australians, even when only
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very few individuals come together in foraging groups or hearth groups, it is

not uncommon at all to have several dialects, ritual affiliations, and diverse

links to many places in an open network beyond ethnic or linguistic groups

represented (see Bird et al. 2019). Therefore, Bird et al. (2019) conclude that

this makes “small” foraging groups in fact large and complex. It also makes

them inherently “outward” looking, not only when looking for spouses or new

patches to forage, as they are genuinely connected in a wide network.The im-

plications are far reaching in that transgenerationally forager groups with lit-

tle material accumulation can be said to accumulate the social capital of being

connected. Moreover, we will have to give up the idea that large scale mobility

of small groups due to their size will have to be channelled through external

environmental factors. Given that foragers are aware of a much larger num-

ber of fellow humans and their environmental effects than what their local

group size suggests, they also orient their movements accordingly. Bird et al.

(2019) are able to show this with regard to burning practices (to enable better

hunting of certain species).These practices shape the land at a large scale and

feed back into the decisions in small foraging bands to move (or stay). In this

context a piece of land that carries traces of being shaped by humans through

burning (possibly across generations) can be more attractive than seemingly

“free” land that has received less attention and is less well prepared for forag-

ing activities. An adequate depiction of a “human existence potential” (HEP,

see above) would need to include the effects of such large-scale transgenera-

tional networks and land-uses on hunter-gatherer decision-making.

The other important feature that emerges from this enhanced model of

changing compositions is that it lays the foundation for transformations in

other ways. It lays the foundation of creating larger settlements, if the con-

ditions are right, since the larger network that is already there in a dispersed

fashion could in principle concentrate at a single place. An example for this

are the ritual men initiation camps of San groups that were held in winter

every few years and could encompass well over 200 persons (Lee 1979: 365).

Other renowned examples are the Nambikwara with seasonal hilltop villages

comprising several hundred people, and the larger seasonal settlements of

the Inuit and the Great Plains Indians (see Wengrow and Graeber 2015, Grae-

ber and Wengrow 2021). It also lays the foundation for an out-migration of

sorts, if the conditions are right and even without any ideology of “looking for

greener pastures elsewhere” or some assumed “Wanderlust”. It would suffice

to create such a movement out of an aggregated effect of people following the

pattern that they have been following anyway, namely re-convening in newly
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composed groups under conditions that may create some sort of drift across

local groups with every move. If individuals, for whatever reason, were choos-

ing to live with people they had livedwith before, except that they choose those

who happened to be at the extreme end of a known and frequented area, this

could easily have the cumulative effect of a drift-typemovement –without any

particular changes to the economy, the ideology or the socio-political make-

up of the group being necessary. Add to the picture that in every generation,

and from an early age on, there is considerable flexibility in choosing where to

live (see above) and a transformation can ensue simply through reproducing

the established and entrenched rules.

Thus, the pattern of changing the composition of local camps in a fis-

sion and fusion dynamic could lead to such a drifting “migration” without

disrupting the established system and without assuming that hunter-gath-

erer adopted an expansionist mode of living or mind-set similar to that of

agropastoral farmers or frontier settlers.

Adding marriage rules to the model

However, up to this point we have only shown that fission and fusion dynam-

ics are compatible with transformations. But why should such transforma-

tions be likely to occur? We propose that in addition to environmental condi-

tions, there are social reasons that may drive transformations. More specifi-

cally we have in mind the effect of marriage rules.

While we have no way of knowing which marriage rules exactly foragers

of the past have followed, it is very unlikely that early Homo sapiens had no

such rules at all becausemarriage rules are one of the few and best-researched

human universals that do characterize human life across time and space (see

Antweiler 2007: 7). We therefore have made these rules part and parcel of our

agent-based modelling in which we simulate hunter-gatherer mobility and

sociality (see Henn forthcoming). Marriage rules do differ culturally, not only

with regard to what exactly the restrictions entail (e.g., whom one may marry

and have sexual relations with) but also with regard to who the preferredmar-

riage partners are.Whatever the exact rules are, the important point to realize

is that the introduction of any rule immediately and considerably enlarges the

demographic size a group (or a social network) needs to reproduce success-

fully.

One of the key features to distinguish human kinship systems is whether

“cousins” (the children of the siblings of one’s parents) are considered siblings
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and marriageable or not. At times only cross cousins (children of MB and FZ)

are considered cousins while parallel cousins (children of MZ and FB) are not.

In other systems all cousins are considered cousins and equally marriageable

– or all of them may be considered siblings and therefore non-marriageable.

With regard to marriage preferences again sometimes cross cousins are con-

sidered preferred marriage partners and sometimes it is parallel cousins, and

sometimes marriage beyond all first cousins is considered desirable. What-

ever the detailed rules that restrict the choice of potential marriage partners

in one way or another, our point is that individuals always need a much larger

group to choose from.

For individual persons, marriage rules always entail the need for a larger

personal network: As marriage rules exclude certain others as possible

spouses, individuals have to look for spouses further away in terms of kin

relatedness and space. For populations, marriage rules entail that in order to

be demographically viable – to be resilient against stochastic fluctuations –

they need to be larger.

Among contemporary social groups there is a wide array of residential

andmarriage rules, and we cannot know for sure which of these cultural rules

were applied and followed by the people who lived during the first human dis-

persal between source area and sink area on the way from Africa to Europe

at various stages in the past. At the same time, as sketched above, human

variation is limited in this domain allowing us to model several possible sce-

narios and outcomes with the help of agent-based simulations. Introducing

such rules allows us to see the (unintentional) long-term effects of individ-

ual choices. Running a model that simulates the effects of marriage patterns

over 500 years, Stephan Henn (Henn forthcoming) is able to show the cumu-

lative effects of what may appear to be rather unspectacular and small dif-

ferences in marriage rules in terms of population dynamics. As pointed out

above there are marriage and incest prohibition rules in all human societies,

but they vary in a fashion that can be modelled – and thereby to see long-

term consequences for population dynamics, and potentially also for migra-

tion. Henn compared three different artificial societies a) one with a basic

incest rule (no marriage to siblings and parents); b) one with more complex

rules, namely no marriage with first cousins; and c) one prohibiting marriage

with second cousins (see Figure 3). The three societies differ in the number of

individuals theymustminimally comprise if they want to have a fair chance of

survival (i.e. 75% of the simulated societies survive 500 years) over many gen-

erations given stochastic fluctuations in fertility and mortality. Results show
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a minimum population size of 125 for societies with first-cousin prohibition

and a minimum population size of almost 200 individuals for second-cousin

prohibition. A near to 100% survival rate is only achieved at even larger num-

bers. It is worthwhile remembering that this is the survival of a group under

good and stable ecological conditions since no ecological crises have yet been

factored in. These population sizes are far beyond the number of forager res-

ident groups that were reported in the ethnography of Africa and beyond,

which number only about 25 (Hamilton et al. 2001). Thus, the simulation of

population dynamics, enhanced by marriage rules, provides sufficient reason

to assume that residential groups cannot be self-sufficient but will always

have to be part of a larger network. We can continue along these lines by

enhancing the simulation further through not only including marriage rules

but also the post-marriage resident rules that are usually an integral part of

marriage regulations.

Figure 3: Minimal population sizes simulated with three different basic marriage

prohibitions in place.

If we add mobility and residency to the simulation by means of a patrilo-

cal post-marriage rule and if we further assume that the rule was followed
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without exception it only takes a few generations before people become con-

centrated at a few places (see Henn forthcoming).This socially motivated mo-

bility entails a spatial distribution that deviates from an ideal free distribu-

tion – one that only takes (non-social) resources into account. The simula-

tion suggests that in this case, different sites for habitation would be sought

when resources become depleted, and some resource-rich places to live in

between major settlement sites could remain unoccupied. These abandoned

places could later become inviting for others who are switching residence af-

ter getting married.Thus, whatever marriage rule exists in such a small-scale

environment, we can safely assume that it would inevitably lead to consider-

able mobility. The model allows us to go one step further: Given that a good

chance for group survival only exists if there is a larger network around a res-

idential group that is big enough for individuals to find a marriage partner,

there is a major incentive for maintaining regional networks beyond individ-

ual residential groups. Going beyond the regular roaming area for searching

for a partner is a necessary strategy in such contexts and settling elsewhere

with that partner and the offspring becomes an option. But again, no break

of existing mobility rules is required as people could simply use the flexibility

and permeability that the fission and fusion system already provides. Personal

network ties provide individuals and families with opportunities to link up to

different residential groups in the region, equally small and equally flexible

like the ones they originate from. There is no need to assume climate crises

or other ecological problems that force people to migrate. Henn’s simulation

suggests that finding an appropriate marriage partner is reason enough for a

considerable amount of mobility. The result is not that individuals undertake

intercontinental migration, but that there is a regular incentive for a good

proportion of the group in each generation (!) to move beyond the area in

which they were brought up. Over a few generations mobility across regions

can emerge from a pattern of localized mobility. While there are different es-

timations as to how quickly migration out of Africa took place (see Litt et al.

2021), all estimations suggest that it took many more generations than what

our simulation would suggest as minimally necessary for such an emergent

directional mobility. Over time any marriage rule will lead to people leaving

the group to find partners elsewhere: they will move even if they live in the

most splendid natural environment and favourable climate conditions, and

they may move even if the place they move to is less favourable in terms of

natural resources. Finding an appropriate partner may easily trump having a

more varied diet on your plate.The internal social drivers that we propose here
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are sufficient to explain a gradual “move” out of Africa.There is no need to as-

sume environmental disasters or an ideology of Wanderlust or of exploration

and exploitation as a driving force. Post-nuptial (post-marital) residence rules

add to the mobility induced by marriages. Again there is at this stage no way

of telling what particular combination of residence rules that are found today

was applied by any particular hunter-gatherer group of the past. They could

have been matrilocal (near the maternal family), patrilocal (near the paternal

family), uxorilocal or virilocal (near the wife’s or the husband’s home place)

or neolocal (a residence independent of descent). But again, it is likely that

some such rule was applied, and we can model what happens when various

rules are being followed. For instance, the more a group sticks to a patrilocal

post-marital residence rule, the less people become dispersed, and ultimately

they all end up in one single place. The more a group extends the bride ser-

vice rule, the more people become dispersed, and extended exchange between

residential groups will ensue.

We do not deny that external drivers of mobility can play a role, but we

feel the need to emphasize that endogenous dynamics may suffice. Humans

are very much social beings whose interdependence cannot be factored out

without missing a central piece of what makes us human.

Conclusions: Upscaling as a forager technique

What we have seen so far is that firstly, that fission-fusion patterns can be

read and transformed to be non-homeostatic rather than be always confined

and static.We have also seen, secondly, that with the cultural establishment of

marriage rules there is a systematic incentive for agents to seek opportunities

for expanding their networks. All this, it could be argued, merely shows that

a major shift from small-scale to larger-scale societies (in terms of their mo-

bility pattern) is possible within the hunter-gatherer spectrum.However, that

would still make it a considerable cultural shift where quantity changes in the

scale of social networks, if you like, lead to quality changes in terms of social

relationships and sociality. Crudely summarizing Nurit Bird-David (2017) on

this point, her argument is that there is a major cultural shift between the

plurirelational persons in small-scale forager settings and the standardized

mereological individuals (based on generic part-whole relationships) in larger

settings, a shift that prohibits upscaling our terms and models. Or, to put it

differently, modellers may be tempted to upscale features of forager society

(including mobility) where the ethnography suggests qualitative thresholds
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below which relationships are categorically different and therefore resist up-

scaling. The argument is not only that scale influences social form (see Barth

1978) but more radically that small-scale may intrinsically inhibit “upscalabil-

ity” and the practice of scaling itself. The issue is whether hunter-gatherers

are engulfed in this small-scale world or whether their world may be said to

always include the local group as well as the larger network at the same time.

The larger structures need notmanifest themselves as large gatherings of peo-

ple, but they can still be evident and effective as in the virtual communities

evoked in the firelight talks described by Wiessner (2014).

Where do we go from here in the light of what we have presented in this

contribution? Attempts to simulate forager mobility in a way that is concur-

rent with present-day ethnography does not stop at marriage rules and resi-

dence rules. It is one of the typical features of such models (and of simulat-

ing artificial societies more generally, see Epstein and Axtell 2011) from the

“bottom up” that they can incorporate ever new features of that ethnography

which are not visible in the archaeological record. So far our simulations have

placed foragers in an environment that is equipped with renewable resources

but which is otherwise “empty”. But hunter-gatherer specialists have noted

for some time that such an assumption of an “empty” environment is likely

to be a misrepresentation (see Marshall-Thomas 2006, Widlok 2019). Hunter-

gatherers see other species not only as resources but as partners with whom

they engage with. One could go as far as saying that what we have presented

here is but one modality of “finding a partner”, i.e. in this case a marriage

partner. But a more complete picture would have to find ways to also include

the search for other, non-human partners – which is different from treating

plants and animals as passive and unrelated “resources”. It has been pointed

out that pre-colonial movements in Africa were not predicated on the Euro-

pean illusion (or fantasy) cultivated over centuries that people were moving

into unoccupied territory, empty space (see Kopytoff 1987). This is even more

so the case for the African foragers who are very likely not to separate the

human domain from that of other species.There is ample evidence across the

board that hunter-gatherers include other species into “the social”. They not

only entertain special relationships with many other species (see Widlok 2019

on the relation between San and lions) but more generally they consider non-

humans to be part of the social world, of being legitimate occupants of land

and of being social partners (see Sahlins 2017). Models that rely on calcula-

tions of the “Best Potential Path” and “Human Existence Potential” (see Klein

2021) are blind to any obstacles that are not based on physiography or climate,
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disregarding spirits and other species: Where foragers will see other species

(not only game species) or non-human beings to either disable or enable their

moves, path, routes and their existence at large, these models simply draw

a line from A to B superimposing their own cultural ontology which is very

selective in recognizing what can constitute an obstacle or a path. Even in an

apparently underpopulated environment, the number of social relations that

matter is in any case larger than the number of humans in a group, amplified

by the fact that humans have also got relations with other beings in that envi-

ronment. Whether this makes forager societies inherently more hierarchical

(as Sahlins 2017 claimed) or not, it makes them certainly more populous.

However, future research on scale would need not only to rethink the

number and kind of agents that need to be taken account of. Apart from quan-

tity it would also need to reconsider the quality of relationships between these

agents. As mentioned above, Bird-David (2017) suggests that only in large-

scale “mereological” societies people recognize “types” of humans (or other

beings) where small-scale foragers see plurirelational beings. But again the

question is how the former could have developed out of the latter.

Along the lines of the argument that we have developed above we would

hypothesize that hunter-gatherer social systems also provide prototypical ex-

amples of how generalizable relations emerge out of particularist relations.

One of the features that Henn’s simulation will eventually include is a way of

modelling the effect of “name-sakes”: While European philosophers and lin-

guists tend to draw a sharp line between personal names and generic types,

the naming system of the San, for instance, brings together both. Since there

is only a limited number of personal names available that get “re-cycled” over

generations, every person is both, the plurirelational self that Bird-David de-

picts but also, at least latently, a representative of a named category. As Henn

(forthcoming) is able to show in his simulations, this, too has an immediate

long-term effects in terms of mobility, social aggregation and dispersal be-

cause name-sakes shape the preferences that influence individual decision-

making and mobility. Having the same name as an older San identifies a

younger person with the older one and their kin relations, overriding all ge-

nealogical relationships of the younger one but those of the nuclear family

(Lee 1986). Naming-relationships are an important attractor for producing

the “colourful” fission-fusion pattern that we have outlined above. As with

the San, Name-sake relationships influence marriage options. Since, for in-

stance, the sister of my name-sake becomes my sister, she becomes non-el-

igible as a marriage partner. Personal naming systems provide the cognitive
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bridge towards classificatory systems with avoidance rules of the kind that we

have outlined above. They allow a “plurirelational” system to move towards a

“mereological” system. It remains to be seen whether this shift correlates with

the shift from regional to outward mobility as we have discussed above.What

it hints at, though, is that despite living in small numbers at any one time,

hunter-gatherers themselvesmake use of upscaling in terms of “techniques of

the intellect” (see Levinson 2020). They recognize people (and including non-

humans) in their environment as members of generalized groups, as well as

in terms of kinship relations, and this entails extensive mobility practices.
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Comment by Robert L. Kelly

Widlok and Henn seek to help answer the question: How did a migration

to Europe emerge from societies that were mobile but not migratory in the

narrow recent sense?
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Their answer rejects approaches to mobility that privilege environment

and subsistence, and consequently optimal foraging theory. They claim that

ethnography “has taught us to mistrust models of mobility that are purely re-

source-driven” even though I would claim that ethnography has actually pro-

vided abundant support for such models (Kelly 2013) – at a certain scale of

analysis. They also cancel foraging models because they “emerged in a par-

ticular cultural situation, enlightenment Europe, which was predicated eco-

nomically and politically on an expansionist, imperial and growth-oriented

culture.” A migratory wave into Europe is likewise rejected as merely reflect-

ing a Eurocentric bias toward a culture that was “ever seeking greener pas-

tures”. Given this reasoning, should we cancel everything the enlightenment

achieved? Surely not. And is it possible that the causal arrows go the otherway:

perhaps the imperialistic, expansionistic, growth-oriented culture of Enlight-

enment Europe was a product of those tendencies and capacities captured by

optimal foraging models, an ever-present desire and intent to maximize ad-

vantage.

In fact, there is good justification for believing that optimal foragingmod-

els capture something fundamental about humanity that led our species to

colonize nearly the entire globe while living as hunter-gatherers.

The biological capacity for culture (whatever it is)must have been driven by

natural selection: an organismwith such a capacity outcompeted conspecifics

without it. Why? At its heart, culture is a model of how life is supposed to

operate. But life never operates the way we want it to, there is always a dis-

connect, sometimes greater than at others, between how we think life should

be lived and how life is actually lived. A conscious organismwill likely strive to

make life-as-it-is-lived closer to life-as-it-should-be-lived. Such an organism

will have a selective advantage because it will always be consciously seeking

“greener pastures”: new knowledge, such asmedicinal uses of plants, and new

land (and, in the Paleolithic case, whose resources are untouched). Therefore,

the capacity for culture might imply that restless exploration might very well

be an adaptive feature of the human psyche. A feature, incidentally, that would

be stymied among modern foragers living within boundaries imposed by the

nation-state in the colonial and post-colonial world.

The real question is whether the models, whatever their origin, offer some

insight and understanding of hunter-gatherer mobility. Ethnographic data

suggest they do (Kelly 2013); studies using the Ideal Free Distribution, for

example, show that people do move into a new habitat if they perceive the
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benefit to be worth the cost of doing so, and climate-induced environmental

change coupled with population growth play roles in that process.

The purpose here is to use an agent-based model to see what effect mar-

riage practices have on forager outward migration (because it is clear for-

agers did migrate). In effect, this chapter sees migration as an emergent

phenomenon, something that arose unintentionally from another set of in-

tentional behaviors.

Henn’s efforts show that the fission-fusion pattern results in a mixing of

people, such that, through the relationships developed, an individual’s so-

cial network reaches to more geography than any individual has personally

reached. And these linkages “make society also much more resilient to en-

vironmental, ecological or demographic crises than a very small local group

could ever be.” I agree – in fact, this is something anthropology has suspected

since the 1966 Man the Hunter conference.

More to the point, the fission-fusion model that results in recombined

local groups, comprised largely of affines, “lays the foundation for an out-

migration of sorts, if the conditions are right …” (Emphasis added). Those con-

ditions would seem to be crucial, but they are not explicated here. Instead,

“If individuals, for whatever reason, were choosing to live with people they

had lived with before, except that they choose those who happened to be at

the extreme end of a known and frequented area, this could easily have the

cumulative effect of a drift-type movement.” So, migration would be random,

in both direction and timing.This proposal could also be simulated and com-

pared to empirical cases to see if it could (for example) account for the (rapid)

rate at which the New World was apparently colonized (even taking different

colonization times into account). My guess is the answer would be no.

The marriage model also argues that the simple operation of a system in

which people seek mates within a system of any rules (patrilocal, matrilo-

cal …), combined with a fission-fusion model, will eventually produce mobil-

ity.The agent-basedmodel shows that people will become geographically con-

centrated and at some point unoccupied places will “become inviting.” There

is a lot wrapped up in that claim, a lot that probably has to do with the effects

on foraging return rates of slow population growth coupled with climate-in-

duced environmental change (something forwhich the Ideal FreeDistribution

model is suited). There are two scales that need to be merged into a single

model here to evaluate how cultural practices could result in unintentional

migration. That model should respect the effects of those cultural practices,

such as marriage, and one that respects the material needs of a dynamic pop-
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ulation responding to a dynamic foraging environment. I shall look forward

to that.
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