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Introduction

The size of hunter-gatherer societies varies across multiple scales. In one di-
mension, individuals may experience a very different number of co-residing
others, often referred to as band size.

Consider a Martu woman living in the western Australian desert in the
1940s: she may spend most of her days in a small, tight-knit, highly mobile
community of kin that includes her mother and sister co-wives, who cooper-
ate in an all-female division of labor to feed themselves and their kids (Scelza
and Bliege Bird 2008; Peterson and Long 1986); yet she also maintains a broad
social network linking her to a large number of kin and non-kin who might
rarely see one another (Bird et al. 2019).

Contrast this with the life of a Dogrib woman living in the western Cana-
dian subarctic in the 1930s: she may spend the summer fishing with her ex-
tended family and many non-kin, the winter processing caribou hunted or
trapped by members of her nuclear family plus a few other close kin, and the
spring and fall in other task-specific aggregations of varying sizes (Helm 1965,
1968; Andrews and Zoe 1997); her core social network might be built from no
fewer, and no more, than these same individuals with whom she co-resides
for part of every year on a seasonal round.

These two women may experience very different lives in terms of the num-
ber and relatedness of the people with whom they live on a day-to-day basis,
but they may interact with nearly the same number of others throughout their
lifespan. This is another dimension across which individuals living in hunter-
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gatherer societies might experience variation: the total number of interac-
tions they experience with a unique other during their lifetime.

Consider an Ache woman living in the neotropics of Paraguay in the 1960s.
She might spend her days in a band of about 20 individuals, to most of whom
she is unrelated save only her brother whose family also camps with hers (Hill
et al. 2011). Nearly every day she packs up her family and their belongings to
transport them to a new camp, pausing along the way to forage and assist her
current husband in spotting game (Hurtado et al. 1985). From time to time
new families join the band, others leave, and throughout her lifetime she may
end up interacting with nearly all Ache living in the region (Hill et al. 2014).

This differs from what a Ju/hoansi woman experiences through her life-
time in the arid Kalahari savanna of Botswana in the 1930s (Lee 1968, 1972,
1979). While she too lives with a similar number of bandmates on an average
day, between 15 to 30 (Hill et al. 2011; Wiessner 2014), she experiences remark-
able seasonal and inter-annual variation. During the wet season, she might
be living in a smaller than average group made up of her immediate family
camped in the mongongo groves where she works two or three days a week
harvesting and processing nuts (Lee 1968, 1972, 1979). During the dry season,
she and her husband might join up with her parents and a few other families
to camp near permanent water in a group of about 30 individuals. During
the dry season in an extremely dry year, she may be joined by her husband’s
parents, along with many other families as they congregate at the largest wa-
ter source in the region in a group that tops 80 people (Lee 1972). Repeated
throughout her lifetime, and strengthened by the formal exchange partner-
ships she cultivates (Wiessner 2002, 2014), she may end up interacting with a
large number of people, despite living in a smaller than average band.

These four women may share a similar mode of subsistence — hunting
and gathering — but they experience a different number of co-residents day-
to-day, and a disparate number of interactions with unique others aggregated
over their lifetimes. Moreover, how they interact with others varies, suggest-
ing meaningful differences in the quality, not just the quantity, of interaction
spheres. This variation is often averaged over by researchers seeking to find
a single number charactaristic of human social organization (e.g., Dunbar
1993). Yet doing so is a missed opportunity to explore, and possibly explain,
the variation.

Here we build on recent synthetic analyses (Hill et al. 2011; Hill et al. 2014),
and case studies (Bird et al. 2019; Wiessner 2014) summarized in a recent re-
view (Codding et al. nd.) to further explore this variation in hunter-gatherer
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group size and the degree of interaction, specifically focusing on the influ-
ence of ecological, economic, and social factors, and the sociocultural conse-
quences of these socioecological dynamics. We begin with a summary of our
theoretical approach, and specific expectations derived from it.

Theory First

Our research strategy follows a tradition established by anthropologists lever-
aging theory from behavioral ecology to examine variation in hunter-gatherer
socioecology (Winterhalder and Smith 1981; Codding and Kramer 2016). A core
part of this strategy is an emphasis on individual decision making within a lo-
cal environmental context, wherein environment is broadly defined to include
the natural and social worlds within which an individual resides. The assump-
tion is that individuals will do the best they can to make a living, given the
opportunities and constraints afforded by their local context. This assump-
tion is akin to extending the principal of charity (Gauker 1986) or of humanity
(Dennett 1987) from interpreting an individual’'s thoughts and words in the
most reasonable way possible, to interpreting their decision making and be-
havior with the same charitability. Though in this case, we also have a general
theory of behavior that provides a function to identify the objective of behav-
ior (c¢f. Gauker 1986: 2-3).

To derive expectations a priori about how individuals should behave
within a specific context, researchers rely on formal models. These models
can examine optimal decisions relative to the distribution and abundance
of resources (i.e., resource-contingent decisions; e.g., Charnov 1976), to how
many others co-reside in that environment (density-dependent decisions;
e.g., Fretwell and Lucas 1969), and to the strategies others employ (frequency-
dependent decisions; e.g., Barnard and Sibly 1981). Model predictions are
compared quantitatively or qualitatively to observed behavior (or their ma-
terial correlates in the case of archaeology), with mismatches indicating
problems with model specifications, not that the behavior is suboptimal or
maladaptive. In other words, following the adaptationist program (Mayr
1983), behaviors are assumed to be near optimal within constraints, with
research focused on the simplest explanation possible without being overly
reductionist or deterministic.

Out of these decisions, broader patterning emerges, such as sustainable
land use (Moritz et al. 2018), divisions of labor (e.g., Codding et al. 2011),
hierarchy (e.g., Smith and Codding 2021; Wilson and Codding 2020), ethno-
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linguistic diversity (Codding and Jones 2013), and other cultural phenomena
(e.g., Smith et al. 2017). As the product of individual decisions in a local con-
text, explanation of these sociocultural phenomena requires research focused
on individuals and their relations, not on the emergent properties themselves.
Thus, the approach provides a way to look at the socioecological foundations
of behavior that aggregate to produce patterning expressed as cultural phe-
nomena, including its material correlates studied by archaeologists (O’Con-
nell 1995; Bird and O’Connell 2006; Codding and Bird 2015).

Implementing this general research strategy using cross-cultural evi-
dence, here we propose that three factors derived from three core principals
in the ecological and behavioral sciences can be used to predict how and why
band size and interaction spheres may vary among hunter-gatherers (Cod-
ding et al. nd.). We refer to these as Allee-effects, the maximum sustainable
yield, and social dilemmas.

First, we suggest that band size should be structured by returns-to-scale,
or Allee effects, associated with focal resources. Within an ideal distribution
model framework (Fretwell and Lucas 1969), the decision of any one individual
to settle in a resource patch or habitat will depend in part on the number of
others who already reside there. For many resources, this relationship takes
the form of negative density dependence, wherein everyone does worse with
each additional joiner. However, there are also often benefits to aggregation,
such that everyone does better up to some threshold as more people co-re-
side. These Allee-like benefits can arise when aggregations result in increased
habitat quality (e.g., Bird et al. 2019), shared defense costs (e.g., Codding et
al. 2019), or returns-to-scale in resource acquisition (e.g., Smith 1985). We
suggest that those resource acquistion activities with positive density depen-
dence should encourage more individuals to cooperate, thus aggregating to
produce larger mean experienced band sizes. In a very simple example, we
previously showed that returns-to-scale increase from economies focused on
plants, to those focused on aquatic and hunted resources (Codding et al. nd.).

Second, we suggest that the size of an individual’s interaction sphere is in
part structured by the maximum sustainable yield (MSY) of focal resources.
MSY is the highest number of resources that can be taken at that rate in perpe-
tuity. Because foraging depletes resources (e.g., Alvard 1994), individuals may
be better off moving camp more or less frequently depending on MSY. This
can be modeled following the marginal value theorem (Charnov 1976), which
shows that individuals should move and resettle elsewhere following deple-
tion to the point of diminishing returns. Available evidence supports these
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model predictions (e.g., Aswani 1998; Codding et al. 2016; Venkataraman et
al. 2017), though individuals are likely to stay longer than what is sustain-
able when doing so maximizes their immediate returns, leading to long-term
unsustainable outcomes (Alvard 1993; Hardin 1968). Of course, there are also
other factors that structure mobility and interaction rates, but all else being
equal, individuals should move more frequently if their focal resources have
a lower MSY. If individuals reshuffle co-residents when they move, then this
should influence interaction rates, though more detailed analysis is required
to unpack how strong this association may be relative to other causal factors.

Finally, the strategies that others employ should structure band size and
interaction rates through complex dynamics influenced by frequency-depen-
dent decisions (Barnard and Sibly 1981). Specifically, larger band sizes may
increase social dilemmas by increasing opportunities to “free ride” on the pro-
duction of others (e.g., Olson 1965). Producers may find it in their best inter-
est to tolerate an increasing number of non-producers (Blurton Jones 1984,
1987) up to some threshold at which they may decide to “vote with their feet”
and leave (Lee 1972; Woodburn 1982) or remain and punish those who do not
contribute, the latter being extremely rare (e.g., Gaula 2012; Marlowe 2010).
The former may result in high mobility and residential reshuffling that in-
creases interaction rates (e.g, Lewis et al. 2014). In some circumstances, these
dynamics may also encourage institutions that restrict who can join groups
of producers working in Allee-like (e.g., Codding et al. 2019) or economically
intensive (Parker et al. 2019) subsistence activities, which may reduce interac-
tions with outsiders. As such, band size and interaction rates likely feedback
on one another depending on how individuals resolve social dilemmas.

This final point highlights how individual decisions might interact with
one another to propagate broader social and cultural institutions. Specifically,
socioecological factors that incentivize large cooperative groups may encour-
age “solutions” to collective action problems, while those that induce high life-
time interaction rates may facilitate institutions to manage large social net-
works. The former may encourage practices and institutions governing group
membership, such as territoriality, property rights, and inter-group conflict
(Codding et al. 2019; Parker et al. 2019). The latter may encourage practices
that help regulate frequent encounters with distantly known others, or that
foster long-distance ties with many others, such as ritual practices (e.g., Bird
et al. 2019; Hill et al. 2014) or economic partnerships (e.g., Wiessner 2002).
If this is supported by further analysis, understanding variation in past so-
cioecology may also help archaeological inquiry ascertain the kinds of social
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institutions formed by past societies to solve these problems, even if they are
otherwise materially invisible.

In summary, building on theory and models from behavioral ecology, we
suggest that individual decisions structured by density-dependent, resource-
contingent, and frequency-dependent factors will aggregate to produce emer-
gent group-level patterning observed as forager band size and lifetime in-
teractions, which may further feed back to structure decisions that produce
emergent social and cultural institutions.

This approach flips some previous perceptions on their head. For example,
Barth (1978: 11) notes that “...it is taken for granted that the social institutions
of the Andamans simply do not have the capacity to organize large popula-
tions” — we would argue it is the other way around: social institutions create
capacity in response to population size and interactions, which are in part
structured by the local environment. Individuals adapt to their local circum-
stances; social institutions are the epiphenomenal product of those decisions
interacting with and feeding back on one another. In this way, the approach is
not environmental determinism, rather, individuals have the agency to deter-
mine their actions (Bird and O’'Connell 2012). The approach assumes that in-
dividuals, having near-to-perfect knowledge of local conditions and expected
immediate outcomes, will generally make the best decisions possible out of
the available options, which are limited by local conditions. As noted above,
this is a charitable assumption. To think otherwise would implicitly assume
that individuals lack either the capability or knowledge to do what is best
within their local context. Of course, individuals acting in their best interest
will not produce outcomes that are best for everyone (e.g., Hardin 1968; Olson
1965), and may result in profoundly negative unintended consequences in the
long term (anthropogenic climate change being a prescient example).

Applied to the case at hand, we previously found some support for our
predictions (see Codding et al. nd.): mean experienced band size (Hill et al.
2011; Bird et al. 2019) and lifetime interactions with unique others (Hill et al.
2014; Wiessner 2014) seem to co-vary respectively with the primary focus of
subsistence and net primary productivity (Binford 2001). Additionally, total
population size (and lifespan) will influence the total number of interactions
possible (Hill et al. 2014). Finally, a qualitative review of the ethnographic ev-
idence (Codding et al. nd.) also suggests that band size may further influ-
ence interaction rates through increased residential reshuffling in response
to free-riders (Blurton Jones 1987). Leveraging these predictions, here we ex-
plore how these dynamics may structure the range of variation in hunter-
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gatherer band size and lifetime interactions, and the sociocultural institu-
tions that may emerge from these dynamics.

To explore the empirical record of hunter-gatherer social space relative to
our theoretical expectations, here we seek to examine the range of variation in
hunter-gatherer band size and lifetime interactions in a sample of 25 societies
(see Codding et al. nd.). However, the available evidence required to assess
this expectation about lifetime interactions are restricted to only three cases
for which data have been quantified: Hadza, Ache (Hill et al. 2014), and San
(Wiessner 2014).

Thankfully, this is not an insurmountable problem. Using other informa-
tion recorded about each society, we can impute estimated lifetime interac-
tants for all societies in this sample. Specifically, here we impute estimates
of lifetime interactants for the 22 societies without empirical estimates using
a non-parametric imputation method from Stekhoven and Buhlmann (2012)
based on the random forest algorithm (Breiman 2001) implemented by Liaw
and Wiener (2002). Specifically, we ask the model to predict the 22 missing
lifetime interactants based on the three recorded lifetime interactants (life-
time conversations from Hill et al. 2014; interaction sphere from Wiessner
2014) plus documented information on mean experienced band size (Hill et
al. 2011; Bird et al. 2019), net primary productivity, the primary source of food
(gathered, hunted, or aquatics), and the total population size (Binford 2001).!

One other issues stems from the fact that lifetime interaction spheres are
estimated differently across studies. For San, Wiessner (2014: Table 2) calcu-
lates the number of interactants as the number of adults who co-reside with
exchange (xaro) partners, with whom individuals will likely interact during
aggregation events. She notes this is likely an underestimate of lifetime in-
teraction spheres. For Hadza and Ache, Hill et al. (2014: Table S16) calculate
the number of interactants from the results of 16 questions about specific
types of dyadic interactions men have with other men, and women have with

1 As imputation error of the missForest function varies with the number of variables ran-
domly sampled at each split in a tree (mtry) and the number of trees grown in each
forest (ntree) (see Stekhoven and Buhlmann 2012), we iterate models through every
combination of each parameter from 1 to 100 trees (the default) and 1 to 5 (the max
number of variables) to select the combination that minimizes the root mean square
error (RMSE) of lifetime interactions, a measure of model fit in the same units as the
imputed variable (for the best model, mtry = 5 and ntree = 4). Error rates reported in
text are out-of-bag error.
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other women, from which they estimate a yearly interaction rate, and a con-
sequent lifetime estimate based on the total population size and lifespan. We
take the average number of men’s interactants across all arenas and double
them to account for interactions with women, which is likely an overestimate
for Hadza though may be appropriate for Ache given closer gender parity in
interactions (Hill et al. 2014). Together, these provide relative estimates of life-
time interactions that we can use to explore the likely interaction spheres that
individuals in different societies might experience.

The model results, shown in Figure 1, predict lifetime interactants for all
societies with an error rate (root mean square error [RMSE]) of about 162;
meaning the model can on average predict lifetime interactions within plus or
minus 162 individuals. This equates to a mean normalized error (NRMSE) of
0.25 (zero being perfect, and one being very poor), which suggests the model
is performing reasonably, but not remarkably well. With this in mind, and
given the full range of observed variation is between 451 individuals (for Ache)
and 870 individuals (for Ju/hoansi), we can interpret the predicted values as
showing meaningful separation at the extremes, but having overlapping er-
rors near the central tendency. In other words, the point estimates in Figure
1 should not be taken as a measure of actual precision, but can be used to ex-
plore the possible parameter space characterizing hunter-gatherer group size
and interaction rates. Keeping the limitations in mind, we use this graphical
result as an opportunity to scope the general bounds and possible range of
variation in band size and interaction rates. Here we examine ethnographic
cases at the boundaries of this parameter space.

The range of variation in band size is bounded by 5.8 for Hill Pandaram to
81.6 for Dogrib. That of lifetime interactions is bounded by the estimated em-
pirical range from 451 for Ache to 870 for Ju/hoansi (note, the model cannot
impute estimates outside the observed range). Hadza appear near the cen-
ter of this envelope, which supports Marlowe’s (2010) observation about the
representativeness of Hadza for warm climate foragers.

Shown in Figure 1, societies living in similar regions and with similar sub-
sistence targets sometimes cluster near one another in this constructed so-
cial space, such as Nunamnuit and Dogrib. Other societies living in disparate
ecosystems and employing varying subsistence practices find themselves near
one another within this social envelope, such as Martu focused on gathering,
Apache on hunting, and Ainu on aquatic resources, all of whom cluster toward
the central tendency of interaction rates and lower bounds of band size. To ex-
plore the socioecological factors that may structure a society’s position within
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Figure 1: Range of variation in mean experienced band size and interaction sphere for
25 hunter-gatherer societies. Points are color-coded by the main source of subsistence
(gathered, aquatic, and hunted resources) with point shape indicating if the interac-
tions value is observed (square) or imputed (circle). Societies mentioned in the text are
labeled.
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this social space, and the possible sociocultural institutions that emerge from
it, we next examine a few cases at the extremes in a bit more detail.

Hill Pandaram

Beginning with the smallest mean recorded bands, an individual living in Hill
Pandaram society in the Ghat Mountains of south India may on average live
with their nuclear family plus two or three other couples and their children
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(Morris 1982). Our analysis suggests this individual might interact with a rel-
atively moderate number of others throughout their life, totalling near 677.
Small band size and intermediate lifetime interactions seems to be structured
in part by local resources.

Morris (1982) reports a very limited economy of scale, with each individual
being responsible for acquiring their own food. Additionally, individuals seem
to have intermediate levels of mobility driven by the depletion rate of local
resources: “[t]hey remain for a week, and move on when the food supply is
exhausted” (Iyer 1937: 97; quoted by Morris 1982: 453). These moves every 7-
8 days also result in group fissioning down to a single family and fusion up
to as many as 20 people on rare occasions. Interestingly, aggregations are
not linked with seasonal variation in resource abundance, as is the case for
populations with significantly higher interaction rates such as the Ju/hoansi
and Copper Inuit (more below).

These socioecological dynamics may further influence emergent cultural
patterning, including their societal emphasis on individual autonomy and self
sufficiency, as well as egalitarian roles between women and men, and the lack
of institutions to facilitate corporate organization (Morris 1982), all of which
may stem in part from such limited returns-to-scale. Further, there are no
ritual aggregations, and kinship is “geared to mating and adhesion, not fil-
iation” (Morris 1982: 454), both of which may in part result from the limited
need to maintain larger than average social networks.

Dogrib (Tlicho)

At the opposite extreme of mean experienced band size, an individual living in
Dogrib (Tlicho) society in the Northwest Territories of Canada may on average
co-reside with 82 others (Hill et al. 2011). This average derives from individu-
als in Marten Lake Dogrib communities residing in about twenty households
(Helm 1967; Denham 2010), who regularly aggregate and disaggregate into
specific task group formations. These include two to three men who go out
trapping, a trapping party of a few families, the aggregation of many fami-
lies for caribou hunting, and further aggregations for fishing camps, each of
which may last from a few days to several weeks (Helm 1965: 378).

Our analysis suggests that the typical person might interact with 765 oth-
ers through these settlement dynamics, which is high relative to the range of
variation and might encourage institutions to facilitate this scale of interac-
tions. Indeed, in discussing kinship, Helm (1965) argues bilateral ties allow
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flexibility in residence while linking individuals together in a “social chain”
(Helm 1965).

While kin ties may be structured to facilitate within-group connectedness,
larger — though not necessarily coordinated — seasonally-specific task groups
focused on the acquisition of reliable and abundant resources may also in-
centivize territorial property rights to exclude outsiders (Dyson Hudson and
Smith 1978; Codding et al. 2019). Helm (1965: 363) notes some possible sup-
port for this, given that the four socio-territorial groups of Arctic Drainage
Dene (two Hare, one Slavery, and one Dogrib) who occupied the region at the
time of her study acquired resources “in their own region” to which they tied
their identity. The lack of even stronger territorial boundaries is not surpris-
ing given the spatio-temporal brevity (see Dyson Hudson and Smith 1978) of
these larger aggregations, and that the activities undertaken did not require
coordinated labor (Helm 1965: 378).

Northern Ache

Northern Ache living in the neo-tropical forests of eastern Paraguay expe-
rience relatively small mean experienced band size and the lowest observed
lifetime interactions (Hill et al. 2011, 2014). As the hypothetical story in the
introduction highlights, Ache live in small, fluid, highly mobile bands with
womer's tasks focused on plant resources, and moving camp, while men’s are
focused on hunting mid- to small-sized game (e.g., nine-banded armadillo).
Men tend to search for prey independently, but keep close enough so that
they may call on other hunters to aid in pursuit. Modeled Ache hunting re-
turns increase with group size (peaking at about 2-7 or more depending on
the prey), but observed pursuit group size tends to be smaller than optimal
(about 1-5 depending on the prey; McMillan 2000). This may result from trade-
offs between maximizing individual search efficiency by distancing further
away from other hunters than is optimal to facilitate cooperation, or from
frequency-dependent decisions leading some not to call for help, or others
not to join, resulting in failures of coordination (McMillan 2000).

Evidence of high mobility, but low interaction rates seems contrary to our
proposed hypothesis. The pattern may result from relative group stability, or
the relatively small total population size which limits the possible number
of interactants (Hill et al. 2014). The former seems an unlikely explanation,
given that individuals are likely to interact with nearly all other Ache through
their lifetime, and that they maintain formal ritual relationships which foster
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connections and ties among highly mobile bands (Hill et al. 2014). As such,
their low population size (about 560; compared to 950 for Hadza and 2200 for
Ju/hoansi) is likely the most limiting factor. Further unpacking this finding
will require research into the determinants of total demic population size and
total territory size, which may also result from the interaction of dynamic so-
cioecological factors (e.g., Parker et al. 2019) to structure the possible number
of interactants in a society, and the density of interactions.

Ju/'hoansi (San)

Ju/hoansi (San, or !Kung) living in the semi-arid Kalahari savanna of
Botswana and Namibia have the highest interactions and total population
size, though live in smaller than average bands (San mean experienced band
size = 14.5 compared to 28.2 for all 32 societies in Hill et al. 2011) and at
relatively low population densities (0.16 people per square kilometers; Lee
1968).

The relatively small groups may result in part from the limited economy
of scale of focal resources, such as mongongo nuts which are acquired by in-
dividual women and men with “one tree to a person” (Lee 1979: 192), though
children may help maximize returns by processing nuts back at camp (Blurton
Jones et al. 1994). While plants, and especially mongongo nuts, make up the
bulk of Ju/hoansi diet, there are some other resources that encourage coop-
eration. For example, hunting is more likely to be successful in larger groups
(Yellen 1977), men most often pursue game in pairs, and larger cooperative
groups formed for game drives (Hitchcock et al. 1996).

High lifetime interactions appear driven by high mobility and seasonal ag-
gregations, which are in part influenced by resource depletion rates and sea-
sonal water availability respectively. Hitchcock et al. (1996:162) note that in the
1960s “[g]lroup aggregation and dispersal patterns were related to the abun-
dance of resources... as resources were depleted in an area, people tended to
move out, in part to avoid conflict among group members over the remaining
resources.” Water availability, and its influence on resource abundance, is one
of the major factors that determines aggregation. Lee (1972) reports Ju/hoansi
aggregation and dispersion events in the /gam-/ai/ai areas during the 1920s
and 1930s. During the rainy season, a minimum of 11 bands would disperse
across the region. During a typical dry season, these bands may aggregate
into five groups centered on permanent water sources. During an extreme
dry year, the 11 bands would aggregate into as few as two or three locations,
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resulting in as many as seven bands at a single water hole. One of these lo-
cations, “ai/ai was a trading center where people from all points of the com-
pass came to visit, dance, and do hxaro trading (and sometimes fight)” (Lee
1972: 138). The need to maintain connections with others for dry season ag-
gregations when resources are scarce are facilitated by social institutions that
foster long-term, long-distance relationships of mutual aid known as hxaro
exchange (Wiessner 2002).

Copper Inuit (Kitlinermiut)

Copper Inuit (Kitlinermiut) and Ju/hoansi have similar mean empirical band
sizes, and our analysis predicts that they might have similarly high lifetime in-
teractions as well, despite the disparate nature of these ecosystems and adap-
tations. This invites a more detailed review of the factors structuring Copper
Inuit band size and interactions. Specifically, we might predict that both so-
cieties have different resources which structure similar Allee-like groupings,
depleteion-driven mobility, and frequency-dependent fission-fusion. To eval-
uate this, we examine how focal resources structure band size, interactions,
and social dilemmas.

Copper Inuit bands are organized around the nuclear family (Damas 1972).
Sometimes nuclear family bands may camp alone, fishing on the winter ice
or searching for dispersed caribou outside of the migration season (Jenness
1928; Damas 1972). These bands may aggregate when resource acquisition en-
courages Allee-like cooperation of one form or another, and may disaggregate
when resources are depleted or when seasonal changes alter prey behavior.
Three resource acquisition activities are illustrative: intercept caribou hunt-
ing, fish trapping, and breathing-hole sealing.

Jenness (1928: 156) notes that during the caribou migration, a collection of
family bands would travel to locations where herds are expected, camp for a
few days searching for and hunting game, then travel as a group about 10-15
miles (16-24 km) and repeat the process. During one summer, hunters “went
on ahead to intercept a herd of caribou they had sighted... This hunt well
illustrated the unity of an [Inuit] band. Every individual, man, woman, and
child, took part in it....both men and women contributed to the discussion
that decided the tactics to be employed.” Using coordinated labor and natural
topography, they drove 15 caribou, after which they “feasted and idled for two
days”. This hunt illustrates a relatively extreme example of coordinated labor
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wherein every member of the extended co-residing band cooperates in the
acquisition of a focal resource.

Similar patterns seem to influence group size associated with fish trap-
ping, when families aggregate in the spring and build “three barriers of stones
across the streams, leaving narrow openings in the two that lay nearest the
sea, and completely closing the highest; whenever a shoal gathered in the up-
per chamber, they blocked its entrance and stabbed the struggling fish with
long, three-pointed spears. Nearly a hundred salmon each weighing from
three to twelve pounds lay spread out on the flat boulder around the camp.”
(Jeness 1928: 237).

While these two activities clearly show how cooperation in resource acqui-
sition may structure co-residence size, perhaps the most well known aggrega-
tion events — winter sealing camps — are not a direct product of an economy-
of-scale. Smith (1984) notes that winter sealing camps of 50-200 people (re-
ported by Damas 1969) would have 12-50 hunters, while the optimal number of
cooperating hunters is around three per breathing hole. He suggests this dis-
crepancy is not due to crowding of prime sealing sites (as individuals would
be better off distributing proportionally to the suitability of sealing sites; per
Frewell and Lucas 1969), to reduce variance in returns (as harvest rate variance
does not decline with group size), or to smooth over acquisition variance via
sharing (as storage would be sufficient to accomplish this without invoking
collective action problems). Instead, these larger-than-optimal sealing camps
may serve another function: information-sharing. Specifically, while larger-
than-optimal settlements may accelerate the rate of depletion and exacerbate
free-rider problems, these costs may be outweighed by the benefits each in-
dividual receives from sharing information on the location and abundance of
seals in the area around the camp. He argues this may also explain variation
in winter sealing camp size, as the greater the unpredictability, the greater
the optimal size of the information-sharing network.

Resource and information sharing may also facilitate connections that
strengthen interaction networks, such as enduring social bonds and formal
partnerships outside of kin relations (Damas 1972). Though individuals may
alter their behavior based on what others are doing, producing frequency-de-
pendent variation that may help resolve social dilemmas. In a contemporary
arctic community, Ready (2018) shows that high producing households form
reciprocal ties, which indicates that producers bias shares to other produc-
ers who are more likely to reciprocate. This may be part of a general trend
in which individuals are more likely to cooperate with other cooperators. For
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example, in public goods games Hadza increase cooperation when they co-re-
side with more cooperators (Apicella et al. 2012; Smith et al. 2018). If similar
dynamics occurred at winter sealing camps, positive assortment of coopera-
tors may serve to reduce collective action problems. Moreover, formal sharing
institutions such as seal sharing “flipper associates” may be particularly im-
portant to maintain connections among Copper Inuit, who have less defined
kin structure than neighboring groups (Damas 1972).

Conclusion

Building on theory and models from behavioral ecology, here we suggest that
individual decisions structured by density-dependent (returns-to-scale), re-
source-contingent (maximum sustianable yield), and frequency-dependent
(social dilemmas, specifically free-riders) factors will aggregate to produce
emergent patterning in experienced band size, lifetime interactions, and sub-
sequent properties of cultural institutions.

Exploring cases that define the social envelope of mean experienced band
size and unique lifetime interactions (Figure 1) reveals some support for this
proposed socioecological principle. Mean experienced band size does in part
appear influenced by returns-to-scale with focal resources, evidenced well by
the extreme cases of Hill Pandaram and Dogrib. The number of lifetime inter-
actions with unique others does seem to vary at least partly as a function of
the depletion rate of focal resources, as well as broader patterns of resource
availability that lead to seasonal aggregations, such as among Ju/hoansi and
Copper Inuit. Total population size also seems to have a strong influence on
lifetime interactions, as shown by Ache. Finally, how these scales of society
size interact creates variation in the form of social institutions that emerge
to facilitate interactions and solve social dilemmas. In this final dimension,
socioecological dynamics seem to aggregate in ways that inform the quality,
as well as the quantity, of interactions across these two scales of society size.

While many details remain to be worked out, here we suggest that differ-
ences in the scale of hunter-gatherer societies may in part be due to differ-
ences in socioecology. Through this exercise, we hope that we have allowed the
“scale” of hunter-gatherer societies to emerge not “as an artifact of analysis,
but rather [as] an empirical property of the things we study” (Barth 1978: 11).
Though our approach does have at least two limitations in this regard.

First, we recognize that generating a priori predictions limits initial anal-
ysis to those factors which are deemed theoretically important. Second, we
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recognize that our analytical approach imputes lifetime interactions for a
much greater number of societies (n=22) than what is empirically observed
(n=3). These may indeed generate artifacts of analysis. However, while these
are weaknesses, we also see strengths in these elements. Specifically, under-
standing variation in the scale of hunter-gatherer social organization requires
a framework to distinguish signal from noise. Here we present a conceptual
grounding framed in established theory as for why two scales may vary across
societies, which allows analysis to focus on the signal. Further, while the spe-
cific imputed values are certainly imprecise, and may be wrong altogether,
the exercise offers a view into how we might be able to understand patterned
variation in in the potential social envelope in of hunter-gatherer social orga-
nization.

Together, these help move debate away from simple dichotomies regard-
ing whether hunter-gatherer societies are “large” or “small”. As illustrated by
the hypothetical vignettes in the introduction of this chapter, there is tremen-
dous variation in the scale at which hunter-gatherer societies operate. There
is likely even greater variation beyond the reach of ethnography, which may be
revealed through archaeological analyses that leverage theory to circumvent
issues with direct ethnographic analogy (see O’Connell et al. 1995). We hope
future work can build on this chapter, and this volume overall, to explore the
full range of variation in the scale of hunting and gathering societies.
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Comment by Andreas Maier

It is not only in times of social distancing that contacts between people are
an essential parameter for human societies. Interpersonal contact is at the
base of transmitting information and skills throughout networks and thus
fundamental to innovation dynamics, material cultural evolution, and social
organization. While the quality of interpersonal contacts certainly plays an
important role in this regard (see Damm, this volume), the quantity of inter-
actions with unique others throughout a persor’s lifetime also holds a high
explanatory potential for social phenomena at different spatial and temporal
scale levels. Codding et al. offer highly insightful estimates on the quantity of
lifetime interactions for different groups of hunters, fishers, and gatherers.
They find that the individuals in their case studies interact with 451 to 870 + 162
unique other individuals throughout their lifetime. While the personal net-
work size can thus be quite different, and irrespective of whether or not these
estimates are accurate by plus or minus 200 people, Codding et al. provide a
sound idea about the order of magnitude of interpersonal contacts within
foraging societies. These numbers are highly valuable also for researchers in-
terested in quantitative analyses of foraging communities of the past. Here
it is interesting to note, however, that a low total population size seems to be
a limiting factor for total lifetime interaction, as discussed in the example of
the Northern Ache. It can also be assumed that the distance between interact-
ing bands plays a role, since it relates to energy investments for movements.
If that was the case, it would follow that the number of lifetime contacts for
individuals living during the Palaeolithic should be found at the lower end of
the inferred spectrum. Against this background, it would be promising to es-
timate unique lifetime contacts for Upper Palaeolithic hunter-gatherers based
on the palaeodemographic data provided by the Cologne Protocol (see Maier
et al., this volume). The approach presented by Codding et al. has the advan-
tage that it does not rely on direct observations or counts of interactions over
an entire lifetime. To the contrary, observations from only a few well-studied
key-communities are transferred to other groups using additional parameters
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such as mean band size, net primary productivity of the environment, the pri-
mary source of food (gathered, hunted, or aquatics), and the total population
size. All these additional parameters can be provided for the Upper Palae-
olithic in Western and Central Europe. This of course would imply shifting
from an emphasis on individual decision making within a local environmen-
tal context to averaging contacts per group in a regional environment. Such
an upscaling approach appears permissible, given that the transfer functions
used by Codding et al. also imply a certain abstraction from purely individ-
ual decisions. An attempt in this direction would certainly be worthwhile,
since it promises to deliver quantifiable data highly relevant for the study of
cultural evolution that is otherwise outside the reach of inferences from the
archaeological record. Such estimates on lifetime interactions could then be
compared with independent data on regional and large-scale movements of
people as can be derived from the transport patterns of lithic raw materi-
als and fossil mollusc shells. Together with information from palaeogenetic
studies, they can help refining models about the regional and supra-regional
network structure of Palaeolithic hunter-gatherers. Seen in a diachronic per-
spective, the expected findings may yield explanatory potential for differences
in artefact diversity in communities in Western and Central Europe, or for the
development of networks during the process of the repopulation of Central
Europe after roughly 20,000 years ago.
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