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a b s t r a c t

A consideration of ethnographic data, computational model results, and archaeological data suggest that
changes in family-level economics coincident with subsistence intensification contributed to the emer-
gence of social complexity among prehistoric hunter–gatherers in eastern North America by creating
the conditions for a ‘‘rich get richer’’ scenario. Ethnographic data are used to construct a general compu-
tational model representing key person- and family-level behaviors, constraints, and decisions affecting
the size and composition of hunter–gatherer families. Results from model experiments suggest that low-
ering the age at which children make a significant contribution to subsistence (e.g., through the broad-
ening of the diet to include the kinds of mass-harvested, ‘‘low quality’’ foods that were increasingly
exploited during the Archaic and Woodland periods) relaxes constraints on family size and makes large,
polygynous families economically viable. Positive feedbacks between the productive and reproductive
potentials of larger families produce right-tailed distributions of family size and ‘‘wealth’’ when the pro-
ductive age of children is low and polygyny is incentivized. Size data from over 800 prehistoric residential
structures suggest right-tailed distributions of family size were present during the Late Archaic through
Middle Woodland periods. These distributions would have provided variability in family-based status
that permitted the emergence of hereditary social distinctions.

� 2012 Elsevier Inc. All rights reserved.
Introduction

How, why, and under what circumstances ‘‘simple’’ human cul-
tural systems transform into ‘‘more complex’’ ones is a topic of
enduring anthropological and archaeological interest (e.g., Arnold,
1996a; Bender, 1978; Binford, 1990, 2001; Flannery, 1972; Fried,
1967; Hayden, 1994, 2001; Johnson, 1982; Morgan, 1963; Price
and Brown, 1985; Service, 1962; Steward, 1963; Testart, 1982,
1988). The emergence of hereditary social differentiation is a key
component of transitions from ‘‘simple’’ (i.e., ‘‘egalitarian’’) to orga-
nizationally complex (i.e., ‘‘non-egalitarian’’) human cultural sys-
tems (cf. Arnold, 1996b: p. 78; Flannery, 1972: p. 402; O’Shea
and Barker, 1996: pp. 16–17). Explanations for this transformation
in eastern North America have been the subject of debate for dec-
ades (e.g., see Bender, 1985; Brown, 1985; Emerson and McElrath,
2009; Ford, 1977; Morey et al., 2002; Munson, 1986). Changes in
family size, composition, autonomy, and wealth often figure,
implicitly or explicitly, in discussions of the emergence of social
complexity in hunter–gatherers (e.g., see Bender, 1978, 1985;
Binford, 2001; Brown, 1985; Brown and Vierra, 1983; Hayden,
ll rights reserved.

I 48103, USA.
1994, 2001; Kelly, 1995; Layton et al., 1991; Testart, 1982;
Tringham, 1991).

This paper considers how changes in family-level subsistence
economics might articulate with long-term, large-scale trajectories
of social change in hunter–gatherer systems in eastern North
America. Dual roles of production and reproduction situate the
family at the intersection of subsistence, economics, and demo-
graphics (see Chayanov, 1966; Cooper, 1984; Donham, 1999; Ham-
mel, 2005; Sahlins, 1972; Tringham, 1991; Wilk and Rathje, 1982;
Yanagisako, 1979). It is at the family level that many decisions
about food production, mobility, division of labor, procreation,
and risk-management are made, particularly in hunter–gatherer
systems where families often act as autonomous units. I focus spe-
cifically on the role that subsistence intensification may play in
changing the productive and reproductive calculations of individ-
ual families and understanding how these changes may produce
asymmetrical distributions of family size that provide a basis for
the germination of heredity social inequalities (i.e., the ranking of
lineages).

The Archaic and Woodland periods in eastern North America
encompass a broad transformation from ‘‘simple’’ to ‘‘complex’’
hunter–gatherer societies. This transformation unfolded in concert
with subsistence intensification over the course of about eight
millennia. Hunter–gatherer societies of the Early Archaic period
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(ca. 9500–6900 BC) are generally characterized as having a high
degree of residential mobility, being completely dependent on wild
foods, and having none of the organizational characteristics of so-
cial complexity (e.g., see Anderson and Sassaman, 2004). By the
Middle Woodland period (ca. 200 BC–AD 500), semi-sedentary,
food-producing societies were present across the east. The Hope-
well ‘‘florescence’’ during the Middle Woodland period is generally
viewed as a zenith of long-term trends of increasing ritual/ceremo-
nial elaboration, craft specialization, and long-distance exchange.
At least some degree of social ranking was probably important to
how these societies operated (e.g. see Carr, 2005), and there is evi-
dence of status differentiation among clans or lineages (Anderson
and Mainfort, 2002).

While this transformation cannot be characterized as a synchro-
nous, uniform, unilineal progression from ‘‘simple to complex’’
societies across eastern North America, it is clear that some process
or group of processes resulted in a great deal of broadly similar
change across a large area between the Early Archaic and Middle
Woodland periods. Many of the archaeological hallmarks of the
Middle Woodland period are first detectable during the Middle
and Late Archaic periods (ca. 6900–1200 BC). The beginnings of
long-distance exchange of artifacts of native copper, marine shell,
and exotic lithic raw materials across the east (Brose, 1979,1999;
Cook, 1976; Goad, 1980; Hill, 2006; Jefferies, 1996; Johnson,
1994; Winters, 1968) roughly coincide with the regionalization
of styles of material culture (e.g., Jefferies, 1995, 1997), a shifting
emphasis from residential to logistical mobility (Brown, 1985;
Emerson et al., 1986; Stafford, 1994; Stafford et al., 2000), increas-
ing use of formalized cemetery areas (Milner et al., 2009) and
increasing population (Munson, 1986). Elaboration of mortuary
and other rituals during the Middle Archaic in the southeast in-
cluded earthen mound construction (Gibson and Shenkel, 1988;
Kidder and Sassaman, 2009; Russo, 1996; Saunders et al., 2005).

These changes in mobility, settlement, ritual, exchange, and
demography occurred in the context of ongoing subsistence
change. Available data on Early Archaic subsistence suggests a
broad, generalized utilization of plants and animals from a variety
of woodland habitats (Meltzer and Smith, 1986; Simon, 2009;
Smith, 1992: p. 282; Styles and McMillan, 2009). An increased fo-
cus on foods that are seasonally available, relatively low in caloric
return, and relatively simple to collect is apparent during the Mid-
dle and Late Archaic periods. Significant utilization of resources
such as hickory nuts (Marquardt and Watson, 1985; Munson,
1986; Stafford, 1991), shellfish (Claassen, 1986, 1991; Styles,
1986; Waselkov, 1987), and native seed plants (Gremillion, 2004;
Smith, 1992; Watson, 1989; Yarnell, 1993) is indicated by the re-
mains of the foods themselves as well as by the presence of pro-
cessing and storage features (see below), and the common
occurrence of plant processing tools such as stone pestles. The
use of indigenous seed plants increased through time, and reliance
on these plants had increased substantially by the Middle Wood-
land period (Fritz, 1993; Smith, 1992, 2001).

The increased focus on seed plants was associated with domes-
tication of native species such as sumpweed (Iva annua) and Che-
nopodium within the time period 2000–1000 BC (Asch and Asch,
1985; Smith, 1987, 1992, 1998). Definitive evidence of the domes-
tication of other native seeds that were utilized in Archaic subsis-
tence economies (such as maygrass, giant ragweed, little barley,
and erect knotweed) is thus far absent (Winterhalder and Goland,
1997). While none of these indigenous domesticates assumed a
role on par with that of maize in later Mississippian societies
(Smith, 1992; Winterhalder and Goland, 1997), they were a signif-
icant part of the diet: over 60% of the plant foods identified in Late
Archaic paleofeces from Mammoth and Salts caves, for example,
were of indigenous domesticates (Marquardt, 1974; Stewart,
1974; Watson and Kennedy, 1991; see also Gremillion, 1996).
These plants were utilized for thousands of years both before and
after domestication and were a significant component of ‘‘mixed’’
subsistence economies that included a large number of wild plants
and animals (see Smith, 1992, 2001). Seeds of domesticated and
non-domesticated Chenopodium co-occur in archaeological depos-
its spanning several millennia, suggesting harvests from ‘‘mixed
or adjacent stands of weed and crop varieties’’ (Gremillion, 1993:
p. 506). This pattern apparently persisted until economies associ-
ated with Mississippian period chiefdoms shifted to maize agricul-
ture at around AD 1150 (Smith, 1992).

Storage of mass-harvested seeds and nuts post-dating the Mid-
dle Archaic period is indicated by the occurrence of food remains
discovered in situ in storage features (e.g., Cowan et al., 1981; Fritz,
1993; Smith, 1992) as well as the co-occurrence of plant foods
from different seasons in paleofecal samples (see Gremillion,
1996; Gremillion and Sobolik, 1996; Schoenwetter, 1998). Storable
‘‘surplus’’ plant foods collected in the summer and fall may have
served as a dependable food supply to buffer shortages during late
winter–early spring (Gremillion, 2004; Smith, 1992), the ‘‘lean’’
season in the temperate forests of eastern North America (see
Walthall, 1998; Yesner, 1994).

Thus subsistence change during the Archaic and Woodland peri-
ods in eastern North America included increased use of gathered
foods that were seasonally available, simple but labor-intensive to
collect, and sometimes storable. Ethnographic data suggest that
the collection and/or processing of these ‘‘low skill’’ resources was
probably primarily the work of females, children, and the elderly
(e.g., see Claassen, 1991; Bender, 1985; Flannery, 1969: p. 79;
Waselkov, 1987). Incorporation of these kinds of resources into
the diet would have potentially lowered the age at which children
were able to make substantive contributions to subsistence, affect-
ing the calculus of family-level decisions about marriage, produc-
tion, and reproduction by decreasing the ‘‘cost’’ of raising children
and, consequently, altering the developmental cycle. The broad pat-
terns of subsistence change that are evident during the Archaic and
Woodland periods, in other words, were likely coupled with eco-
nomic changes at the family/household level.

Given the position of the family at the nexus of social, political,
and economic life in hunter–gatherer societies, it is reasonable to
suppose that family-level productive and reproductive behaviors
connected to subsistence intensification may be an important com-
ponent of long-term processes of change (or stasis) in the hunter–
gatherer systems of eastern North America (e.g., see Bender, 1985).
Investigating this supposition requires us to consider the relation-
ship of processes operating at two different scales: the ‘‘opera-
tional’’ and the ‘‘historical/evolutionary’’ (Lyman, 2007).
Operational processes at the family level play out on a day-to-
day or year-to-year basis as individuals act and react within their
environment. Historical/evolutionary processes play out over lar-
ger scales of time and space, underlying the transformation of
one kind of system into another.

The mismatch in scale between ‘‘operational’’ and ‘‘historical/
evolutionary’’ processes presents us with an analytical challenge
because it is not obvious how change at the operational level is
linked to evolutionary change at the level of the system. My use
of ‘‘system’’ here refers to a social system: a socially integrated
population that is organized by a characteristic pattern of relation-
ships and behaviors among its constituent components. The behav-
iors and interactions of individuals and families that are the
smallest units of a social system do not necessarily ‘‘scale up’’ in
a direct fashion to the characteristics of the larger social system.
Our explanations of change are weakened significantly when we
cannot clearly and explicitly describe and demonstrate the linkage
between these two levels (cf. van der Leeuw, 1981: p. 232).

This challenge can be addressed by employing complex systems
theory and computational modeling (i.e., agent-based modeling or
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ABM) to bridge the gap between the human behaviors we are fo-
cused on as a potential cause (the productive and reproductive
decisions of individuals and families) and the systemic changes
that we wish to understand and explain (the emergence of social
inequalities). Computational modeling allows us to represent the
human behaviors that we can document ethnographically (such
as birth, marriage, reproduction, food production, and death) as
operational ‘‘rules’’ for individual-level behavior, create a system
of actors who interact according to these rules, set the system in
motion, and characterize the behavior of the system in terms of
aggregate patterns observable at scales comparable to those we
can observe archaeologically. Through systematic experimenta-
tion, cause-effect relationships between changes in behavior at
the person- and family-levels (i.e., the level of operational pro-
cesses) and changes in the characteristics of the resulting systems
(i.e., the level of historical/evolutionary processes) can be investi-
gated as an empirical problem. This lets us determine whether a
certain set of operational processes can produce a particular out-
come from a given set of initial conditions, giving us some basis
for evaluating whether a particular explanation is plausible. This
is a central methodological goal of archaeological systems theory
(cf. Clarke, 1968; Flannery, 1968; van der Leeuw, 1981: p. 232).

I argue that attempting to understand the role of family-level
productive and reproductive behaviors in long-term processes of
social change in eastern North America requires two basic kinds
of information: (1) an understanding of how changes at the family
level articulate with changes in patterns observable at the system
level; (2) archaeological data with which to characterize changes in
system-level patterns through time. For the first requirement, I use
an agent-based model specifically constructed to explore how
changes in two main parameters influencing family-level produc-
tive and reproductive behavior (the age at which children begin
making a contribution to subsistence and the strength of the incen-
tive for plural marriage) affect system-level characteristics (distri-
butions of size and ‘‘wealth’’ among all the families in the system).
Design of this model is informed by a consideration of ethno-
graphic data.

For the second requirement, I use the distribution of sizes of
prehistoric residential structures (n = 826) from eastern North
America to infer changes in the distribution of family size through
time. Comparisons between model outputs, ethnographic data, and
archaeological data provide a basis for interpreting the archaeolog-
ical data in terms of both (1) the family-level processes that were
acting to produce the distributions of house size and (2) the impli-
cations of changes in the distribution of house size in terms of
large-scale processes of social change. This allows for the construc-
tion of an explanation for the emergence of social inequalities in
eastern North American prehistory that is consistent with several
different lines of evidence and contains an explicit linkage between
‘‘operational’’ and ‘‘evolutionary’’ processes.

The agent-based model used in this paper emphasizes change
through time rather than across space. The archaeological data
are also analyzed largely in terms of change through time. The
broad scope of this paper is intended to be a complement, rather
than a substitute, for more detailed, regional or site-level studies.
The history and processes associated with the change in question
played out over several millennia and involved hunter–gatherer
systems across the eastern woodlands: this was a pan-eastern phe-
nomenon. While that does not mean the particular circumstances
or outcomes of change were identical everywhere, it does suggest
that a dataset of matching scale is appropriate to the question. An
archaeological study of one or two households, no matter how de-
tailed, is unlikely to give us any sound insight into the underlying
processes that operate over large scales of time and space. Attrib-
uting social change to large-scale ecological factors based on corre-
lation or co-occurrence, likewise, neither identifies nor explains
the actual mechanisms of change at the level that autonomous
hunter–gatherer individuals, families, and groups make decisions.
As stated by Binford (1990: p. 139): correlations ‘‘are clues to the
operation of systemic phenomena in the world. They are what
needs explanation – they are not explanations in and of
themselves.’’

I first discuss productive and reproductive subsistence econom-
ics among hunter–gatherers in the ethnographic present and sum-
marize the basic ethnographic data I use to create a ‘‘middle range’’
computation model. I discuss construction of the model and pres-
ent the results of experiments that illuminate relationships be-
tween the variables of interest. I present and discuss data from
prehistoric houses reported from eastern North America and then
compare these data to the results from the model. Based on this
comparison, I argue that the changes in family economics associ-
ated with subsistence intensification are a plausible explanation
for right-tailed distributions of house size and the occurrence of
large houses during the Late Archaic through Middle Woodland
periods. I further argue that the distributions of family size pro-
duced by subsistence intensification may provide a seed for the
germination of social inequality and complexity through the wid-
ening of the spread between large, ‘‘high status’’ families and the
remainder of the population, amplified by a positive feedback that
makes it easier for larger families to produce more surplus and,
therefore, further increase their size.
Hunter–gatherer family subsistence economics

Information from ethnographically-observed hunter–gatherers
can be used to (1) identify the physiological constraints and cul-
tural behaviors that affect how families form and develop; and
(2) understand the range of variability in these constraints and
behaviors among living hunter–gatherers. Information drawn from
a wide variety of hunter–gatherer systems is useful for these pur-
poses because it helps us identify and understand both general reg-
ularities in hunter–gatherer behaviors and the range of variability
in those behaviors. The purpose of considering ethnographic data
in this paper is not to identify a specific ethnographic case that
can serve as an analogy for prehistoric hunter–gatherers in eastern
North America, but to understand general patterns of constraints
and behavior in hunter–gatherer systems that can be used to de-
sign the agent-based model and determine values of key parame-
ters for modeling purposes.

A ‘‘family’’ is defined here as a co-residential group composed of
a husband, one or more wives, and their unmarried children. While
it is generally agreed that ‘‘family’’ and ‘‘household’’ are not neces-
sarily the same thing (see Bender, 1967; Yanagisako, 1979), there is
a lack of consensus about how to best discriminate between these
two entities (e.g., see Burch, 2006; Fortes, 1958; Service, 1962;
Smith, 1981 ; Wilk and Rathje, 1982). Generally, ‘‘household’’ im-
plies co-residence while ‘‘family’’ implies a descent relationship.
In many cases, ethnographically-documented hunter–gatherer
households include both conjugal families and non-conjugal indi-
viduals: extended households, augmented households, households
composed of multiple families, and households containing multi-
ple unrelated individuals have all been documented among living
hunter–gatherers (see Binford, 2001: Table 8.08; Murdock, 1967:
pp. 47–48). This paper makes a simplifying assumption of analyti-
cal equivalence between ‘‘family’’ and ‘‘household’’ and considers
the family to be a basic institution of domestic production and
reproduction that usually centers on cooperation between males
and females of reproductive age.

Among ethnographically-documented hunter–gatherers, fami-
lies often represent ‘‘minimally cooperating segments’’ that can
be more or less integrated into larger social formations depending
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on seasonal or other conditions related to subsistence (e.g., Binford,
2001: p. 309; Helm, 1965: p. 379; Jarvenpa and Brumbach, 1988: p.
607; Keen, 2004). This section considers three basic, inter-related
aspects of families that vary significantly and non-randomly
among hunter–gatherers (see Binford, 2001): size and composi-
tion, the contributions of children to subsistence, and the depen-
dency ratio and the developmental cycle. These affect both how a
family operates in terms of day-to-day decisions about the produc-
tion of food and decisions about further procreation and/or the
addition of wives. I begin by discussing each of these in turn and
presenting summary ethnographic data on variables related to
family size and composition. I conclude this section with a graphic
comparison of diachronic changes in the dependency ratio and the
capacity for the production of surplus of several simple simulated
families, varying the number of wives and the age at which chil-
dren become producers.

Family size and composition

The size of a family changes as its membership changes through
procreation, the addition of wives, and the subtraction of members
through death, marriage, or departure for other reasons. Thus fam-
ily size and composition are related attributes that are affected by a
mixture of physiological, cultural, and environmental factors as
well as individual choices and random variability. Summary data
related to basic variables affecting family size and composition
among hunter–gatherers are presented in Table 1.

Increases in the size of a conjugal family occur through procre-
ation and the addition of wives. Perhaps the most important phys-
iological factors affecting procreation are related to female fertility
(the number of children born) and fecundity (the ability to repro-
duce). Available data suggest mean reproductive spans (i.e., the
length of time between the first birth and the last birth of a wo-
man’s life) among hunter–gatherers ranging between 8 and
22 years with a mean of about 15 years (see Kelly, 1995: Tables 6
and 7; Pennington, 2001: Table 7.4). The pattern of age-specific
changes in fertility is fairly consistent across populations (Ellison,
1994). Pennington (2001) reports a characteristic parabolic pattern
of age-specific fertility among the Kutchin and the !Kung, with fer-
tility rates increasing from the teens, peaking in the late 20s, and
declining to zero by age 50. In most hunter–gatherer populations,
few births occur after age 40 (Pennington, 2001: p. 175). Thus the
length of the reproductive span tends to be less than the length of
the total span of time during which a woman may potentially
reproduce.

The total fertility rate (TFR) is the mean number of children that
women bear during a complete reproductive span. TFRs from 2.6 to
8.0 have been reported for hunter–gatherers, with about 5–6 chil-
dren being ‘‘typical’’ (Hewlett, 1991: Table 2; Kelly, 1995: p. 244;
Pennington, 2001: Table 7.2). The inter-birth interval (IBI) is the
average length of time between births. Available IBI data suggest
mean intervals ranging from 28 to 65 months among hunter–gath-
erers with an IBI around 3–4 years probably most common (Kelly,
Table 1
Approximate means and ranges of variables related to family size and composition among

Variable Range Approximate me

Reproductive span 8–22 years 15 years
Total fertility rate (TFR) 2.6–8.0 births 5.4 births
Inter-birth interval (IBI) 2.5–4.0 years –
Intensity of polygyny 0–10 wives –
Infant mortality 10–30% 20%
Childhood mortality 20–50% 43%
Female age at marriage 5–22 years 14 years
Male age at marriage 12–35 years 21 years
Female age at first birth 16–23 years 20 years
1995: Tables 6 and 7; Pennington, 2001: p. 184). A variety of fac-
tors may influence both fertility and intervals between successive
births, including ovarian function, contraception and abortion, coi-
tal frequency, nutritional stress, and lactation (e.g., see Campbell
and Udry, 1994; Cashdan, 1985; Cumming et al., 1994; Ellison,
1994; Handwerker, 1983; Kelly, 1995; Konner and Worthman,
1980; Lunn, 1994; Pennington, 2001).

Polygyny – the taking of multiple wives – has a multiplicative
effect on the potential size of families in a given population, assum-
ing each additional wife has similar reproductive potential. In con-
trast to the statement by Kelly (1995: p. 290) that ‘‘Polygyny is
uncommon among ethnographically known hunter–gatherers,’’
the majority of cases considered by Binford (2001: Table 8.07)
exhibited some degree of polygyny. Goody (1976: p. 51) remarked
that ‘‘As far as human cultures are concerned, it is monogamy that
is rare, polygyny common.’’

Generally, however, the intensity of polygyny (i.e., defined as
the maximum number of wives following Low [1988]) is relatively
low among hunter–gatherers. Available data suggest that maxi-
mum harem size is almost always less than 10 in living hunter–
gatherer groups, and is often three or less (see Betzig, 1986: pp.
92–3; Binford, 2001: Table 8.07). There are exceptions to this, how-
ever, as demonstrated by the Tiwi case (Betzig, 1986; Hart and Pil-
ling, 1979: p. 17). In some cases, very large harem sizes are
present: Keen (2006: p. 16) lists maximum harem size among
the Yolngu of northern Australia as 26. Data from ethnographic
cases indicate that the number of simultaneous wives has a right
skew in polygynous systems, with higher numbers of wives occur-
ring less frequently (Table 2, Fig. 1).

Deaths decrease family size. While data from several hunter–
gatherer populations suggest an overall U-shaped pattern of age-
specific mortality (with the highest death rates experienced among
the very young and the very old), there is variation between groups
(Hill et al., 2007). The sample data presented by both Kelly (1995)
and Hewlett (1991) suggest rates of infant mortality (i.e., the per-
centage of the population that dies before reaching the age of
1 year) generally range between 10% and 30% while rates of child-
hood mortality (the percentage of the population that dies before
reaching reproductive age) range between 20% and 50%. Infanticide
may be a significant contributing factor to high infant mortality
rates (e.g., see Dickeman, 1975; Hayden, 1972; Hill et al., 2007; Ho-
well, 1979: p. 120; Smith and Smith, 1994; Yengoyan, 1981). Adult
mortality ranges between about 1.1–2.3% per year among the Hiwi,
Ache, Hadza, and !Kung (Hill et al., 2007). In addition to reducing
the current size of a family, adult mortality may reduce the poten-
tial size of a family if the deceased was part of the ‘‘conjugal core’’
(i.e., a matriarch or patriarch).

Family size also decreases when offspring depart for marriage.
Male and female age at marriage varies significantly: 5–22 years
for females and 12–35 years for males (Binford, 2001: Table 8.07).
In the majority of cases, the mean age at marriage suggests most
women are married by the time they are 16 while most males
are a few years older at marriage. Obviously, age at marriage does
ethnographic hunter–gatherers.

an Reference(s)

Kelly (1995: Table 6.7) and Pennington (2001: Table 7.4)
Hewlett (1991: Table 2) and Pennington (2001: Table 7.2)
Kelly (1995: Table 6.7) and Pennington (2001: Table 7.4)
Betzig (1986) and Keen (2006)
Hewlett (1991: Table 3) and Kelly (1995: Table 6.9)
Hewlett (1991: Table 3) and Kelly (1995: Table 6.9)
Binford (2001: Table 8.07)
Binford (2001: Table 8.07)
Kelly (1995: Tables 6 and 7) and Pennington (2001: Table 7.4)



Table 2
Percentage distribution of number of wives in polygynous ethnographic cases.

Group Families (n) Number of wives Reference(s)

1 2 3 4 5 6 7 10

Walbiri 175 65.7 24.6 5.1 2.9 0.6 1.1 – – Meggitt (1962: Table 9)
Walbiri (Yuendumu 1962) 79 53.2 32.9 8.9 3.8 1.3 – – – Long (1970: Table 1)
Walbiri (Yuendumu 1967) 124 52.4 33.1 12.9 1.6 – – – – Long (1970: Table 2)
Inupiat 33 90.9 6.1 0.0 3.0 – – – – Burch (2006: 88) and Ray (1885: 49)
Shoshoni 38 86.8 10.5 2.6 – – – – – Steward (1938)
Northern Arnhem Land 23 60.9 26.1 13.0 – – – – – Hiatt (1965: Table 13)
LoDagaba 67 67.2 25.4 5.9 1.5 – – – – Goody (1958: Table 9)
Lo Wiili ? 71.0 20.0 7.0 0.0 2.0 – – – Goody (1958: Table 9)
Tallensi ? 60.4 27.0 5.4 6.3 0.9 – – – Goody (1958: Table 9)
Ingura (Groote Eylandt 1940) 49 51.0 30.6 4.1 6.1 4.1 4.1 – – Long (1970: Table 1) and Rose (1960: Table 27)
Australian Desert Groups (1955–1962) 38 60.5 26.0 10.5 3.0 – – – – Long (1970: Table 1)
Australian Desert Groups (1956–1962) 26 69.2 26.9 3.8 – – – – – Long (1970: Table 1)
Ngalea (Ooldea 1941) 53 79.2 20.8 – – – – – – Long (1970: 298)
Pitjandjara (Amata 1966–67) 64 75.0 23.4 0.0 1.6 – – – – Long (1970:299)
Gunavidji (Maningrida 1966) 142 64.1 24.6 9.2 0.7 1.4 – – – Long (1970: Table 4)
Djinang (Milingimbi 1966) 75 54.7 24.0 25.3 5.3 1.3 1.3 1.3 – Long (1970: Table 4)
Murngin (Elcho Island 1966) 103 64.1 16.5 9.7 6.8 2.9 – – – Long (1970: Table 4)
Murngin (Yirrkalla 1966) 64 56.2 29.6 7.8 1.6 0.0 1.6 0.0 3.1 Long (1970: Table 4)

Fig. 1. Number of wives plotted against percentage of families for ethnographic
cases (data in Table 2).
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not always correspond to the beginning of the reproductive span.
Data on the mean age at first birth suggest that hunter–gatherer
women may generally first give birth in their late teens or early
twenties (Kelly, 1995: Tables 6 and 7; Pennington, 2001: Table 7.4).
This may be several years after marriage and/or menarche (Kelly,
1995: pp. 245–246).

Understanding the relationships among variables affecting fam-
ily size and composition is a complicated task (i.e., see Campbell
and Wood, 1994; Ellison, 1994; Kelly, 1995; Pennington, 2001).
While some of these variables are logically inter-related in a gen-
eral way (e.g., if the reproductive span stays constant, then an
Table 3
Statistical characteristics of distributions of family size in ethnographic cases (SD = standa

Case n Families Family size

Range Mean

Inupiat (conjugal families only) 29 2–5 3.48

!Kung (excluding single individuals) 10 2–6 4.10
!Kung (households, excluding single individuals) 165 2–9 3.10
Paiute (conjugal families only) 14 2–6 3.79
Shoshoni (conjugal families only) 37 2–14 5.65
Walbiri 37 2–10 3.86
increase in TFR would be accompanied by a decrease in IBI), others
appear to be related in ways that are not intuitively obvious. Stud-
ies have suggested, for example, relationships between variables
such as female age at marriage and polygyny (see Binford, 2001:
p. 300; Low, 1988), polygyny and fertility (Amey, 2002; Barber,
2004; Hern, 1992; Josephson, 2002), polygyny and child mortality
(Strassman, 1997), and polygyny and sex ratio (Amey, 2002; Bar-
ber, 2004; Borgerhoff Mulder, 1994; Whiting, 1993). The general
relationships between potential family size and each of the vari-
ables in Table 1 is relatively straightforward, however. The small-
est mean family sizes would occur in populations with low TFRs,
high IBIs, short reproductive spans, high infant and childhood mor-
tality, late female age at marriage, late age at first birth, and no
polygyny. The opposite combination has the potential to produce
the largest families.

Mean family size varies from 2.9 to 7.7 among the groups con-
sidered by Binford (2001: Table 8.08). Table 3 presents data on the
distributions of family size in several ethnographic cases for which
information on the size and composition of individual families is
available. In most of these cases, detailed membership data make
it possible to determine when non-conjugal individuals (e.g.,
extended family members) were included in the ‘‘families’’
described by the ethnographer. Thus Table 3 presents data with
and without these ‘‘extra’’ members. Histograms of family size
for several of these cases are shown in Fig. 2. There are positive
relationships between the percentage of polygyny and both the
skewness and coefficient of variation of the distribution of family
size in these cases: higher polygyny is associated with both greater
variability in family size and a right-skewed distribution of family
size (Fig. 3).
rd deviation; Skew. = skewness; CV = coefficient of variation).

Polygyny Intensity Reference(s)

SD Skew. CV %

1.02 0.37 29.3 7 2 Burch (2006: p. 102) and Ray
(1885: p. 49)

1.52 �0.20 37.2 0 1 Yellen (1977: p. 58)
1.37 1.26 44.1 6 2 Howell (1979: pp. 45, 234)
1.48 �0.07 39.0 0 1 Steward (1938)
2.71 0.85 48.0 14 3 Steward (1938)
2.38 1.13 61.6 38 4 Meggitt (1962: pp. 77–78)



Fig. 2. Histograms of family size for ethnographic cases in Table 3.

Fig. 3. Plots of coefficient of variation and skewness of family size vs. the percentage of polygyny in ethnographic cases (data in Table 3).
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The contributions of children to subsistence

Ethnographic studies demonstrate that children’s contributions
to subsistence vary among hunter–gatherer systems (e.g., Blurton
Jones et al., 1994; Hawkes et al., 1995; Tucker and Young, 2005).
The degree to which children contribute to their own subsistence
or that of their families may be influenced by a number of factors,
including the characteristics of both the resources which are in-
cluded in the diet and the environment in which those resources
are found (Blurton Jones et al., 1994; Hawkes et al., 1995).

Resources that are easily gathered with a minimum of skill and
low processing times – such as berries, seeds, some kinds of nuts,
and shellfish – are natural choices for child foragers (e.g., see
Claassen, 1991; Bird and Bliege Bird, 2000; Waselkov, 1987). While
these resources may not be highly ranked from the perspective a
single adult forager, if they are available in sufficient densities they
may offer relatively high returns when collected by teams com-
posed of a mixture of adults and children. Among the Hadza, where
children are active foragers, women were found to choose foraging
strategies based on maximizing team returns (their own returns
plus the returns of their children) rather their own returns
(Hawkes et al., 1995).

There are a variety of ways in which children’s foraging may be
integrated into family-level subsistence economies (e.g., see
Hewlett and Lamb, 2005). The Hadza case describes what might
be called integrated child/adult foraging behavior: adults and
children harvest the same resources as a team. Resource rankings
may be family-specific depending on family size and composition
and the way that the potential subsistence contributions of chil-
dren are operationalized, which may depend on the peculiarities
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of resource distribution as well as other environmental factors
(safety, etc.). A resource that is efficient for one family to collect
may be inefficient (and insufficient) for another family to collect.

If children are able to forage effectively for themselves (unsu-
pervised), adults (particularly women) may be free to collect other
resources (e.g., Bird and Bliege Bird, 2005). Reduced childcare de-
mands may give women the opportunity to gather surpluses of
low-ranked seasonal resources that are storable, perhaps compen-
sating for future variability or unpredictability in some other re-
sources. Children’s foraging also appears to be positively related
to fertility and negatively related to inter-birth interval (Blurton
Jones, 1993; Blurton Jones et al., 1994). This is a logical relation-
ship: children’s ability to acquire food for themselves allows moth-
ers to divert resources from the care of existing children to
reproduction (Blurton Jones, 1993; Blurton Jones et al., 1994: p.
211).

Thus while the ‘‘cost’’ of children (in terms of efficiency of mobil-
ity, subsistence support, etc.) is often highlighted in the hunter–
gatherer literature (e.g., see Kelly, 1992: p. 59, 1995: p. 241), it is
clear that their foraging efforts should not be assumed to be insig-
nificant, either from the standpoint of resource choice or return
rates (Hawkes et al., 1995). When children can contribute to family
subsistence, the economic ‘‘cost’’ of children is lowered. Hadza chil-
dren provide a significant portion of their own food, making them
‘‘very cheap to raise’’ (Blurton Jones, 1993: p. 320). Children of dif-
ferent ages will not forage with uniform efficiency or returns in all
environments (see Blurton Jones, 1993; Tucker and Young, 2005).
When children are full participants in family-level subsistence
activities, they are an asset rather than a liability.
The developmental cycle, dependency ratio, and economic viability of
families

While individual families each have their own ‘‘historical’’ se-
quences of change in size and membership, the operation of com-
mon processes related to physiology (the limited duration of the
female reproductive span, the inevitable growth of children) and
culture (marriage and residence practices) produces a general pat-
tern of developmental changes in family size and composition
within a given system: the developmental cycle (Fortes, 1958;
Goody, 1958).

First there is a phase of expansion that lasts from the marriage
of two people until the completion of their family of procre-
ation. The biological limiting factor here is the duration of the
wife’s (or wives’) fertility. In structural terms it corresponds to
the period during which all the offspring of the parents are eco-
nomically, affectively and jurally dependent on them. Secondly,
and often overlapping the first phase in time (hence my prefer-
ence for the term ‘phase’ instead of ‘stage’) there is the phase of
dispersion or fission. This begins with the marriage of the oldest
child and continues until all the children are married. Where
the custom by which the youngest child remains to take over
the family estate is found, this commonly marks the beginning
Table 4
Size, lifespan, and cumulative surplus produced over the lifespan of four simple simulated
children are counted as producers as either 14 or 8. In all cases the total fertility rate = 6

No. wives Family size Lifespan Age at production = 14

Peak Cumulative Years of dependency
ratio above 1.75

Surplus years C

1 8 8 39 16 23
2 13 15 47 24 24 �
3 17 22 52 27 25 �
4 23 29 55 29 26 �
of the final phase. This is the phase of replacement, which ends
with the death of the parents and the replacement in the social
structure of the family they founded by the families of their
children. . . . (Fortes, 1958: p. 5).

The phases of the developmental cycle roughly coincide with
changes in the dependency ratio (Chayanov, 1966; Donham,
1999). The dependency ratio is the ratio of food consumers (the to-
tal number of persons in a family) to food producers (the number
of persons who are actively procuring and/or preparing food) (Bin-
ford, 2001: p. 229).

Consider what happens as a household moves through a hypo-
thetical developmental cycle. A new unit is established at the
time of marriage. As children are born and added to the family,
food requirements increase. But children, initially at least, do
not add to the household work force, and that is where the
pinch comes. As subsistence requirements increase, the number
of workers remains constant and the dependency ratio rises. . . .
As more and more children are born, the burden on the house-
hold increases until the eldest child begins to work. At that
point, the dependency ratio begins to decrease so that each
household worker can begin to work fewer hours (Donham,
1999: pp. 22–23).

It is this relationship between the developmental cycle and
changes in the dependency ratio that makes variation in family
size and composition within groups potentially important to
understanding hunter–gatherer economics at the operational
(day-to-day) level. Greatest family sizes would generally be ex-
pected to occur at the interface of the expansion and dispersion
phases. As noted by Fortes (1958: p. 5), these two phases can over-
lap: children may reach marriageable age and begin leaving prior
to the end of the wife’s fertility. The highest dependency ratios
are likely to occur during the expansion phase.

For a family to be viable throughout its developmental cycle, it
must be able to survive the ‘‘pinch’’ period where the dependency
ratio is the highest. The ‘‘pinch’’ comes in all families with off-
spring: the duration and amplitude of the ‘‘pinch’’ is affected by
the rapidity of the addition of offspring and how quickly those off-
spring turn from consumers into producers. The rapidity of addi-
tion of offspring will depend on factors such as fertility, infant
and childhood mortality, and the number of wives. The productive
potential of children will be affected by the presence and distribu-
tion of resources that can be procured by children and the foraging
strategies that are employed to exploit those resources. Families
within a system or population will be at different points in their
developmental cycles, and the economics of family-level subsis-
tence will vary accordingly.

To illustrate how polygynous marriage and the age at which
children become producers affects the size, dependency ratio,
and economic viability within single families, a spreadsheet was
used to create a set of four simple simulated families (Table 4).
In these simulated families, all variables except the number of
wives and the age at which children become producers are held
families varying the number of wives between 1 and 4 and setting the age at which
and the inter-birth interval = 3. .

Age at production = 8

umulative surplus Years of dependency
ratio above 1.75

Surplus years Cumulative surplus

3 5 34 66
16 6 40 116
28 7 45 161
46 7 48 206



Fig. 4. Change in family size through time for four simulated families (summary
data in Table 4). Each family is represented by a line. The Y axis is the size of the
family (number of members); the X axis measures time in years.
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constant: total fertility rate = 6; inter-birth interval = 3; female age
at marriage = 16; male age at marriage = 20; female age at first
birth = 20. Each wife bears her first child at age 20 and an addi-
tional child every 3 years thereafter until age 35 (6 children total
per wife) in a deterministic fashion. Children leave the family when
they reach marriage age. Offspring alternate in sex. There is no
mortality. For polygynous marriages, the second marriage occurs
at year 10, the third marriage at year 15, and the fourth marriage
at year 18. Anecdotal data indicate that wives are typically added
incrementally during the developmental cycle of the polygynous
family (see Hiatt, 1965: p. 77; Meggitt, 1962).

Fig. 4 shows change in the size of these simulated families
through time as wives are added and offspring are produced. Fam-
ily sizes are similar through the first 10 years, but diverge dramat-
ically during the period between 10 and 20 years. This is due to the
parallel reproductive capacities of polygynous families and the
longer duration of the expansion phase in polygynous families.
The peak size of the polygynous family with four wives is nearly
thrice that of the monogamous family and its developmental cycle
lasts 16 years longer.

The graphs at the top of Fig. 5 illustrate how the dependency ra-
tio changes through time in each of the four families as composi-
tion changes through the addition/subtraction of wives and
offspring. Dependency ratio is calculated as the number of con-
sumers divided by the number of producers. The dotted line marks
a dependency ratio of 1.75, considered ‘‘typical’’ of hunter–gather-
ers (Binford, 2001: p. 230). When children are counted as ‘‘produc-
ers’’ at age 14 (top left), all four families experience dependency
ratios above 1.75 for a sustained period of years in the central por-
tion of the developmental cycle, rising during the expansion phase
as the family adds children (consistent with the analysis of Chaya-
nov [1966]). The duration of this period of high dependency ratios
is positively related to the number of wives. When children are
counted as producers at age 8 (top right), dependency ratios in
all four families are below 1.75 for all but 5–7 years in the first half
of the developmental cycle.

The dependency ratio is a relative measure: the actual amount
of surplus that can be produced is dependent on family size.
Assuming again that a dependency ratio of 1.75 represents a
‘‘break even’’ point, we can use a simple calculation to characterize
the productive capacity of each family on both a year-to-year basis
and over the family’s lifespan. For each year, the number of pro-
ducers is multiplied by 1.75. This represents the total productive
capacity of the family for that year (each producer can provide
for 1.75 consumers). When the total number of consumers in the
family is subtracted from this number (i.e., each person consumes
1 ‘‘unit’’ of production), the result is an estimate of the productive
capacity in terms of person-units. A result of 3, for example, means
that, for that year, a family could produce resources for itself plus
three more individuals. A result of �3 indicates a production deficit
of 3 person-units. The sum of these yearly calculations represents
the total cumulative production capacity of a family during its
lifespan.

The graph at the bottom left of Fig. 5 illustrates how differences
in the dependency ratio might translate into capacities for surplus
production in the four families when children become producers at
age 14. In all four families, the high dependency ratios of the
expansion phase are associated with production deficits. The defi-
cit period is shorter and shallower in smaller families. The monog-
amous family is the only family to produce a cumulative surplus
over its lifetime, and cumulative lifetime surplus levels are nega-
tively related to family size (see Table 4).

The graph at the bottom right of Fig. 5 shows the productive
capacities of the same families calculated assuming that children
become producers at age 8. In this situation, the deficits associ-
ated with the expansion phase are shallow and families have
the capacity to produce surplus during most of their lifespans.
In this case, surplus productive capacity is positively associated
with family size: the largest families have the greatest capacities
for producing surplus both on a yearly basis and over the course
of the family’s lifespan (see Table 4). If all other factors remain
equal, lowering the productive age from 14 to 8 effectively makes
large, polygynous families economically viable (i.e., it brings
them near or above the ‘‘break even’’ point on a year-to-year ba-
sis) and significantly increases their lifetime capacity to produce
surplus.

These results illustrate that changes in the age at which chil-
dren make a contribution to subsistence may have a significant ef-
fect on the viability and productive capacity of families of different
sizes and compositions. The length of the period of time during
which a child will be a non-producer affects the ‘‘cost’’ of the child
and, consequently, the economic calculations of a family. In subsis-
tence systems where children do not become producers until their
teens, a large, polygynous family may not be economically viable
on an operational (i.e., day-to-day or year-to-year) level because
much of the expansion phase of its developmental cycle will be
characterized by high dependency ratios and production deficits.
Smaller, monogamous families may be more viable under these
conditions. In subsistence systems where children become produc-
ers at a younger age, larger families are not only economically via-
ble at an operational level, but have a much greater capacity to
produce surplus over the lifespan of the family. Smaller families
are also viable when the age at production is low, but have less
productive capacity than larger ones.

This simple example explores the basic economic effects of
altering the age at which children become producers within fami-
lies. A number of other factors must be considered to understand
the implications of changes in productive age at the level of a cul-
tural system. If there are equal numbers of males and females in a
polygynous system, not all men can have the same number of wi-
ves, and, therefore, not all families will be the same size. Each fam-
ily will make decisions about procreation and the addition of more
wives with knowledge of their current economic situation and the
costs or benefits of adding more children. Calculations about the
incorporation of additional wives into a family will include factors
of both operational economics and the availability of suitable
brides. Brides may be scarce and costly in systems where the inten-
sity of polygyny is high, leading to a high differential in male and
female ages at marriage (Goody, 1976: p. 64). Mortality, fertility,
and sex have random components which must also be taken into
account. A more sophisticated approach is required to understand
how changes in the age at which children become producers af-
fects patterns of change at the system level.



Fig. 5. Change in dependency ratio and capacity for surplus production in four simulated families, varying the number of wives and the age at which children become
producers (summary data in Table 4). The X axis in these charts shows time in terms of the number of years since the family was initiated. The Y axis shows dependency ratio
(top) and level of surplus production (bottom). All variables remain stay constant except for the number of wives and the age at which children become producers.

130 A.A. White / Journal of Anthropological Archaeology 32 (2013) 122–163
A computational model of family production and reproduction

The ethnographic data discussed above outline (1) the general
physiological constraints and cultural behaviors that affect how
families form and develop and (2) the range of variability in these
constraints and behaviors among living hunter–gatherers. These
data are not suitable for directly evaluating hypotheses about the
kind of systemic change with which this paper is concerned, how-
ever, for two primary reasons. First, there is a fundamental mis-
match between the scales of the ethnographic data and the
system-level change we are trying to understand. Ethnographic
cases, while potentially rich in the kind of specific, synchronic de-
tail that is impossible to recover archaeologically, comprise a col-
lection of disconnected ‘‘snapshots’’ of operational processes.
These snapshots may let us identify general regularities in how
hunter–gatherer systems work and suggest possible ‘‘evolution-
ary’’ sequences between different kinds of systems, but ultimately
tell us nothing directly about diachronic processes associated with
change over long spans of time.

Second, the nature of the ethnographic record precludes
the use of any kind of experimental framework: it is impossible
to identify causes of change or evaluate the plausibility of
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explanations of change by altering one variable while holding all
others constant.

Computational modeling and complex systems theory offer
remedies to both of these issues (see Gilbert, 2008; Kohler and
van der Leeuw, 2007; Miller and Page, 2007). The family-based
systems of production and reproduction considered here possess
the characteristics of complex systems (Boccara, 2004: p. 3): (1)
they consist of a relatively large number of interacting agents; (2)
they exhibit emergent behavior (self-organizing, collective behav-
ior difficult to anticipate from knowledge of the individual agents’
behavior); and (3) this emergent behavior does not result from cen-
tral control. (Note that the term ‘‘complex system’’ here refers to
any system with the particular suite of characteristics where sys-
tem-level behavior can be understood as emerging ‘‘bottom up’’
from the interactions of individual agents, rather than to a hierar-
chically-organized ‘‘complex’’ social system.) In this case, we are
trying to understand the relationship between the ‘‘rules’’ affecting
family-level productive and reproductive behaviors at the opera-
tional level and the patterns of family size and ‘‘wealth’’ distribu-
tion that emerge at the system level. We can use a computational
model to systematically explore how changes at the lower (i.e.,
family) level affect patterns that emerge at the system level.

The ethnographic data discussed in the previous section were
used to construct an agent-based model (named FamilyNet2) with
representations of key person- and family-level behaviors and con-
straints affecting the size and composition of hunter–gatherer fam-
ilies: marriage, reproduction, mortality, and family-level economic
production. The goal of this section is to describe the FamilyNet2
model in sufficient detail to enable the reader to understand how
the phenomena of interest are represented and how the model
operates. Additional details of the design and operation of the Fam-
ilyNet2 model are provided in Appendix A. The raw code for the
FamilyNet2 model is provided online in a supplementary file.

General description of the model

The FamilyNet2 model was written in the Java programming
language and built using Repast J. Repast (Recursive Porous Agent
Simulation Toolkit) is a free, open-source agent-based modeling
and simulation toolkit that was created at the University of Chi-
cago in collaboration with Argonne National Laboratory (North
et al., 2006). It is one of several available agent-based modeling
toolkits (e.g., see Gilbert and Bankes, 2002; North et al., 2006; To-
bias and Hofmann, 2004). It was chosen for this work because of its
suitability for representing the system under consideration and be-
cause it is supported by the Center for the Study of Complex Sys-
tems at the University of Michigan. Documentation of Repast can
be found at www.repast.sourceforge.net.

The FamilyNet2 model was constructed as part of the develop-
ment of the ForagerNet2 model, a more complicated model that in-
cludes representations of space, social learning, and social
networks (see White, 2012). Many of the representations in the
FamilyNet2 model are essentially very similar to those embedded
in the ForagerNet2 model. The FamilyNet2 model is not intended
to represent all aspects of hunter–gatherer systems or the details
of any particular hunter–gatherer society. The simple design of
the model and the exclusion of extraneous detail was a purposeful
strategy to produce a ‘‘middle range model’’ that describes ‘‘the
characteristics of a particular social phenomenon, but in a suffi-
ciently general way’’ that it can be applied to many hunter–gath-
erer systems (Gilbert, 2008: p. 42). This use of the term ‘‘middle
range’’ in this context should not be confused with Binford
(1977, 1981) ‘‘middle-range theory’’.

Description of the structure and operation of a model such as
this one is challenging because of the nature of articulations
between various components of the model. The first part of this
section describes the representations that constitute the ‘‘building
blocks’’ of the model: the persons and families that are the building
blocks of the social system that inhabits the ‘‘world’’ of the model.
The second section describes the methods (marriage, reproduction,
and mortality) that determine how persons and families in the
model behave and interact with each other within the parameters
of the model world. The third section discusses how the model
operates during a run and how data are collected from model
experiments. The fourth section discusses some basic aspects of
the model’s behavior that suggest the model is a valid representa-
tion of the systems it is intended to represent.
Representations of persons, families, and the world

The FamilyNet2 model has three main ‘‘levels:’’ person, family,
and the system. A schematic illustration of the inter-relationships
of basic parts and operations of the model is shown in Fig. 6. Per-
sons and families exist in the world of the model as discrete enti-
ties. In other words, each person and each family in the model has
a unique identity and can be different from all other persons and
families. Persons are fundamental, indivisible units. Families are
groupings of persons that can change in composition. The social
system of the model at any given point in time is composed of
all persons and families that are currently in existence. The behav-
ior of these persons and families is affected by model-level rules
and parameters.
Persons
Each agent in the model represents an individual person. Each

person has variables to store the characteristics of the person
(age, sex, marriage status, the family of which the person is a mem-
ber, etc.) and lists to store the identities of persons related by des-
cent (parents, children), persons related through co-residence in a
family/household unit (husbands and wives, co-wives, stepchil-
dren, etc.), and persons with whom marriage is prohibited. A list
of variables associated with persons is provided in Appendix A.

Persons in the model have a lifespan that begins with birth and
ends with death. The age at which persons become eligible for
marriage and are able to reproduce is set by the value of the mod-
el-level parameter ageAtReproduction. For the experiments dis-
cussed here, ageAtReproduction was set to 16 for both males and
females. Note that this is the age at which persons become eligible
to marry: the actual age of marriage for individual persons will de-
pend on interactions and conditions during a model run. The age of
16 was chosen so that the ages of reproductive viability and mar-
riage eligibility could reasonably be combined into a single vari-
able to simplify modeling.

The female reproductive span extends from age 16 through 35
in the experiments discussed here. While at the high end of the
range documented for ethnographic hunter–gatherers, a 20-year
reproductive span was chosen because it would allow the highest
ethnographic total fertility (8.0 births) with the shortest inter-birth
interval (2.5 years). A reproductive span shorter than 20 years
would preclude the emergence of model systems with combina-
tions of high fertility and low inter-birth interval like those ob-
served among ethnographic hunter–gatherers (see Table 1).

Based on age, each person is either a producer or a non-pro-
ducer. The value of the model-level parameter ageAtProduction
(AAP) specifies the age at which children are counted as producers.
As discussed above, there is significant variability in the age at
which hunter–gatherer children make a substantial contribution
to subsistence. Understanding the effects of changes in AAP is
one of the main goals of the model experiments discussed below.

http://www.repast.sourceforge.net


Fig. 6. Schematic illustration of the levels and mechanisms of the FamilyNet2 model. Feedbacks and effects between person-, family, and system-level variables (in
rectangles), model parameters (in italics), and person-level methods are represented by arrowed lines. Solid lines represent arithmetic effects (e.g., reproduction directly
changes family size and composition by adding an individual) and dashed lines represent effects on probabilities (e.g., the dependency ratio affects the probability of
reproduction).
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Families
Families are co-residential groupings of persons that form

through marriage and change in size and composition through
marriage, reproduction, and mortality. Families are the basic units
of production and reproduction in the model. Mostly commonly,
persons in families are related through biological descent, mar-
riage, or marriage to a common partner. Less commonly, families
can form that include members that are not related by descent
or marriage (e.g., when both parents in a family die and their ‘‘or-
phan’’ children are re-housed in a different family). A list of vari-
ables associated with families is provided in Appendix A. Note
that the term ‘‘household’’ used in model code is synonymous with
‘‘family’’ as used here.

The dependency ratio of a family (ratio of the number of con-
sumers to the number of producers, aka the CP ratio) is a key factor
in probability-based, family-level decisions about marriage and
reproduction. A dependency ratio of 1.75, considered ‘‘typical’’ of
hunter–gatherers (Binford, 2001: 230), was used to perform eco-
nomic calculations.

A measure of the productive capacity (surplus or deficit) of each
family is converted to ‘‘assets’’ each year by multiplying the num-
ber of producers by 1.75 and then subtracting the number of con-
sumers. This calculation assumes that each producer in the family
is capable of producing 1.75 ‘‘units’’ and each member of the family
(producers and consumers) consumes 1.00 ‘‘units.’’ In a family of 4
with 2 producers, for example, 3.5 units are produced and 4.0 units
are consumed, resulting in a deficit of 0.5 units. In a family of 5
with 3 producers, 5.25 units are produced and 5.0 units are con-
sumed, resulting in a surplus of 0.25 units. These units are an ab-
stract currency created to allow operation of feedbacks related to
family-level productive capacities.

The assets created through production each year are added to
the cumulative assets of the family (or subtracted in a deficit year).
In this model, family-level assets are relevant to marriage in situa-
tions where marriage entails exchange of assets between the fam-
ilies of the bride and groom (see below).
The system and the world
Together, the persons and families interacting in the ‘‘world’’ of

the model comprise a social system. Model-level parameters set
conditions for all persons or all families in the world and define as-
pects of the system: all persons have the same ageAtProduction and
ageAtReproduction, for example. The values of these parameters do
not change as a result of the dynamics of the model, but can be
changed during an experiment to observe the effects of a change.
Table 5 presents a summary of model-level parameters and the de-
fault values of those parameters used in the experiments discussed
here.

The ‘‘world’’ of the model has no spatial component. Time
passes in the model in the form of discrete steps, each step repre-
senting 1 year.

Methods

Methods are named sections or ‘‘chunks’’ of Java code that per-
form operations when called under specific circumstances. When
the marriage methods are called for a particular person, for exam-
ple, a series of operations is initiated which results in a determina-
tion of whether or not that person will marry during that particular
step. Marriage methods are person-level methods because mar-
riage is a person-level behavior. The operations performed by the
methods are affected by person-level variables (e.g., the marital
status of a particular male), family-level variables (the dependency
ratios of the current families of the male and female, which are af-
fected by marriage, reproduction, mortality, fertility, etc.), and sys-
tem-level variables (e.g., the current ‘‘cost’’ of marriage) and
parameters (e.g., what constitutes a ‘‘sustainable’’ dependency ra-
tio). Each of these variables in turn, can be affected by other meth-
ods in the model.

Marriage methods
Marriage is the mechanism of family formation and one of the

mechanisms (along with mortality and reproduction) for changing



Table 5
Key model-level parameters and variables in the FamilyNet2 model.

Parameter/Variable Type Description Default Value

numberOfPersons Integer Parameter: size of initial population 500
ageAtProduction (AAP) Integer Parameter: age at which children become producers NA (varied for

experiments)
ageAtReproduction Integer Parameter: age at which persons may marry and begin reproducing 16
reproductiveMax Integer Parameter: maximum age at which females may reproduce 35
maxFertility Double Parameter: mean lifetime fertility rate used to calculate yearly base probabilities of reproduction 10
childMortality Double Parameter: total probability of death between birth and ageAtReproduction 0.40
adultMortality Double Parameter: yearly probability of death of persons older than ageAtReproduction 0.02
maxAge Integer Parameter: maximum allowable age 70
sustainableCP Double Parameter: ratio of consumers: producers in household(family) that is considered ‘‘sustainable’’ 1.75
carryingCapacity Integer Parameter: population above which there is an increase in mortality rates 500
upperBPLimit Double Parameter: upper limit placed on value of bridePrice 10
lowerBPLimit Double Parameter: lower limit placed on value of bridePrice �10
bridePriceMultiplier(BPM) Double Parameter: adjusts influence of bridePrice on marriage decisions NA (varied for

experiments)
bridePrice Double Variable: the ‘‘cost’’ of getting married in terms of the assets that must be transferred from one household

to another at the time of marriage
–
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the size and composition of a family. In the FamilyNet2 model, fe-
males may have only a single husband while males can have multi-
ple wives. This structural asymmetry is meant to allow the forms
of marriage that are most commonly found in hunter–gatherer
societies (i.e., monogamy and polygyny) (see Binford, 2001).

Marriage methods are affected by a variety of factors, including
probabilistic economic calculations performed by both males and
females and the availability of productive ‘‘assets’’ (see above) that
must be transferred between families at the time of marriage. All
males and all unmarried females of reproductive age (16) are eligi-
ble to marry each step. The model includes a basic incest prohibi-
tion preventing marriage between individuals that have a close
biological relationship or that have been part of the same family.
The operations of the basic methods associated with marriage
are summarized as a flow chart in Fig. 7.

If a male is already independent of his parents (i.e., he is already
married), the probability he will seek to add a wife is conditioned
by a calculation expressing the difference between the dependency
ratio in his current family (curCPR) and the dependency ratio if he
adds a wife (condCPR) as a percentage of his current dependency
ratio: (curCPR � condCPR)/curCPR. The addition of a single adult
to a family will always lower the dependency ratio. The results
of this formula are illustrated in Fig. 8. This simple calculation cap-
tures two key aspects of the economics of polygyny: (1) wives are
more likely to be added when the addition is of greater economic
benefit; and (2) as family size increases, each additional wife has
progressively less impact on the dependency ratio, all other things
being equal. If a male of reproductive age is currently unmarried,
he will always attempt to marry.

When a male attempts to marry, a potential bride is randomly
chosen from the pool of unmarried females of reproductive age.
The model then checks to confirm that the marriage pairing would
not violate basic incest prohibitions (no marriages within a per-
son’s biological family, no marriages to a spouse’s parents, grand-
parents, or children, no marriages between any two individuals
that have ever been part of the same co-residential family) nor cre-
ate an economically unviable family (e.g., if the female has many
dependents from a previous marriage where the husband has
died).

If these conditions are met, the probability that the female will
accept the marriage is calculated by comparing the dependency ra-
tio within the potential bride’s current family (brideCurrCPR) with
the dependency ratio of the family she would join (e.g., as a second
wife) or form with the male (condCPR). The probability of her
accepting the marriage is calculated as 1/(condCPR/brideCurrCPR).
The results of this formula are illustrated in Fig. 8. Thus there is a
50% chance that a female will enter into a marriage that will put
her in a situation where the dependency ratio is twice as high as
in her current situation.

Marriage is linked to production through the exchange of assets
at the time of marriage. A model-level variable bridePrice is ad-
justed each step by comparing the current ratio of available males
to available females with the same ratio during the previous step. If
the ratio has increased (i.e., potential brides have become more
scarce), the value of bridePrice increases by a randomly generated
number between 0 and 1. If the ratio has decreased, the value of
bridePrice decreases by a randomly generated number between 0
and �1. When the value of bridePrice is positive, marriage entails
a cost to the male side. When the value of bridePrice is negative,
the bride’s family bears the cost of marriage.

If sufficient assets are not available, a marriage will not take
place. If bridePrice is at +2, for example, and the male’s family
(his parents’ family if unmarried, his own conjugal family if mar-
ried) has cumulative assets of only 1.5 units, the marriage will
not be allowed. For the runs considered here, the value of bridePrice
is capped at limits of ±10. Without these limits, populations can go
extinct when the price moves too high or too low and the system
cannot compensate in a timely fashion.

The bridePriceAdjustment (BPA) affects the probabilities pro-
duced by the economic calculations performed by males and fe-
males during the marriage methods. Each step, the model
calculates the value of BPA as the current bridePrice divided by
the maximum possible bridePrice. If bridePrice is >0 (i.e., potential
brides are relatively scarce), the male calculation is affected: when
bridePrice is at its maximum positive value, the probability of the
male searching for an additional wife will be doubled. If bridePrice
is <0 (i.e., potential brides are relatively common), the female cal-
culation is affected: when bridePrice is at its maximum negative va-
lue, the probability of a female accepting a plural marriage offer
will be doubled. The bridePriceMultiplier (BPM) is used to adjust
the strength of these scarcity-based adjustments by multiplying
the effects of the bride price adjustment. When BPM is set at zero,
bridePrice does not affect individual calculations affecting decisions
to search for or accept marriage partners. Note that bridePrice still
affects marriage, however, because a transfer of assets equal to
bridePrice is required for marriage.

Reproduction methods
Each married female of reproductive age goes through the

reproduction methods (Fig. 9) each step. At the core of these meth-
ods is a probability of reproduction (pReproduce) calculated by
dividing a model-level parameter specifying the maximum fertility



Fig. 7. Flow chart of marriage methods in by the FamilyNet2 model.
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rate (maximumFertility) by the number of years in the female
reproductive span (reproductiveSpan). In the experiments dis-
cussed here, the value of maximumFertility was always set to 10
and the value of reproductiveSpan was always set to 20 years,
resulting in a pReproduce of 0.5. Note that the year-to-year base
probability of reproduction is constant, rather than variable as in
actual human populations. This is a simplification for the purposes
of modeling.

Reproduction methods include mechanisms for both avoiding
procreation and terminating the life of a newborn infant (i.e., com-
mitting infanticide). Both of these are probabilistic mechanisms
that consider how the addition of a child would affect the current
dependency ratio of the family. The chance of avoiding procreation
is determined by calculating how much above 1.75 the depen-
dency ratio would rise if another child were to be added and taking
this amount as a percentage of 1.75 (e.g., the chance of avoidance is
100% if another child would raise the dependency ratio to 3.5).

Successful reproduction results in the creation of a child of ran-
dom sex who is then added to the family, the ‘‘world,’’ and all
applicable lists. Post-birth, the chance of infanticide is calculated
the same way as avoidance: the difference is that the birth and
death of a child figure into infant mortality rates where avoidance
of procreation does not. The sex of a child does not affect the prob-
ability of infanticide. Note that there are explicit linkages between



Fig. 8. Probability curves for marriage-related economic calculations made by males and females in the FamilyNet2 model.

Fig. 9. Flow chart of reproduction methods in the FamilyNet2 model.
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avoidance/infanticide and the dependency ratio of the family in
this model: it is consideration of family composition (rather than
a desire to regulate birth interval) that influences decisions to
avoid pregnancy or terminate a newborn infant.

The total fertility rate (the mean number of births that occur
over the course of a female’s reproductive span) is a behavior-re-
lated variable that can be viewed as a result of a model run. Note
the difference between the value of the parameter maximumFertil-
ity and the actual number of births that is measured by the total
fertility rate. While the base probability of reproduction every year
(i.e., pReproduce) is 0.5 when maximumFertilty is 10 and reproduc-
tiveSpan is 20, the actual mean number of births will be reduced
through avoidance and other factors (such as a high female age
at marriage) that are affected by family economics. In other words,
the behavior of the agents in the model during a particular run will
produce a mean total fertility rate that is not directly programmed
into the model and can be analyzed as a system-level behavioral
result.

Mortality methods
Each person is exposed to a risk of death at each step during a

model run (Fig. 10). If a person reaches the maximum age of 70
(set by the value of the model-level parameter maxAge), death is
automatic. Below this maximum age, the probability of an adult



Fig. 10. Flow chart of mortality methods in the FamilyNet2 model.

Table 6
Summary of operations of the step method in the FamilyNet2 model.

Operation Description

Check step count Check to see if it is time to change time period, values of parameters, etc.
Clear lists Clear lists that are re-generated each step (list of adult males, list of females eligible for marriage, etc.)
Calculate the carrying capacity

adjustment
Calculate adjustment to mortality rates based on comparison of current size of population with population size specified by the
value of the parameter carryingCapacity

Shuffle the person list Shuffle the order of the lists of all living persons in order to randomize the order in which persons execute person-level methods
Initiate male and female step

methods
Go through person list: call male step method for male persons, female step method for female persons. The male step method
checks the male’s age to see if it is > the value of the parameter ageAtProduction; if so, the male is added to a list of adult males
eligible for marriage. The female step method check’s the female’s age to see if it is > the value of the parameter ageAtProduction;
if so and if the female has no living husband, the female is added to the list of females eligible for marriage. If the female is
already married and within her reproductive span, the reproduction methods are called

Calculate bride price Calculate the ratio of males and females eligible for marriage and compare the ratio to that of the previous step. If ratio is higher
than in previous step, increase bridePrice by random amount between 0 and 1. If ratio is lower than in previous step, decrease
bridePrice by random amount between 0 and 1

Determine marriage order Randomize order in which eligible males perform marriage methods
Marriage methods Each eligible male initiates execution of the marriage methods.
Add new persons Add newly created people (i.e., newborns) to the list of persons; collect data on the number of newborn persons if within a data

collection period (T1 or T2)
Collect data on marriage/polygyny If within data collection period, collect data on numbers of wives and numbers of marriages
Mortality methods Each person initiates mortality methods to determine if he/she will die in current step
Remove dead people Persons who have died in current step are removed from households and list of living persons; person’s age at death is recorded.

If within data recording period, data are collected for statistics on infant mortality, fertility, marriage, etc.
Age persons Each person is aged 1 year
Locate and rehouse orphans Check for ‘‘orphans’’ (persons below ageAtProduction who are not living with a person who is above ageAtProduction); orphans

are rehoused in viable families
Purge dead households Households with a size of 0 (no members) are removed
Perform yearly household economic

calculations
Calculate dependency ratio of each household; increment age of household; if in data collection period, collect data on
household size

Report aggregate data If at the end of a data collection period, calculate and report aggregate statistics from the data collection period: infant mortality
rate, mean household size, maximum household size, mean fertility, mean male age at marriage, mean female age at marriage,
percentage of polygynous marriage, mean intensity of polygyny, mean surplus of households over their lifespans
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Fig. 11. Basic structure of model experiments.
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dying is determined by a yearly adult mortality rate. Children are
exposed to a risk of death through a yearly child mortality rate.
For the experiments discussed here, the child mortality rate was
set at 2.67% yearly and the adult mortality rate was set at 2.0%
yearly.

The ‘‘base’’ adult and child mortality rates are adjusted each
step based on the difference between the current population size
and the specified ‘‘carrying capacity’’ of the world (set by the mod-
el-level parameter carryingCapacity). Populations in excess of the
carrying capacity are subject to higher mortality rates while those
below carrying capacity are subject to lower mortality rates. This is
a feedback mechanism to provide some degree of population size
stability during runs. A ‘‘carrying capacity’’ of 500 does not mean
the population will always be 500: it simply means that mortality
rates are positively or negatively adjusted based on whether pop-
ulation size is above or below 500.

Note that there is no distinct parameter for infant mortality: in-
fants are exposed to the same yearly risk of death as all other sub-
adults. Infants can experience higher mortality rates, however,
through the economically-sensitive infanticide mechanism that is
represented in the model. Thus infant mortality, like total fertility,
is a behavior-related variable that can be viewed as a result in
model experiments.
Model operation and data collection

At startup, the model produces an initial population of a speci-
fied number of persons of random sex and random age between
the age of reproduction (16) and 25. Initial population size was
Fig. 12. Comparison of results from model runs with range of variables among ethnograp
rate, male and female ages at marriage, and family size fall within ethnographic hunt
(triangles).
set to 500 for all the experiments discussed here. Initial families
are created through random marriages between eligible males
and females.

Following the creation of initial persons and families, the model
takes a ‘‘step’’ and initiates a sequence of operations: calculation of
bride price and carrying capacity adjustments, person- and family-
level methods related to marriage, reproduction, and mortality,
and any collection and storage of data for analysis (Table 6). This
same sequence of operations is repeated in every subsequent step
until the model has completed a specified number of steps.

Model experiment runs lasted 3000 steps (i.e., 3000 ‘‘years’’).
Aggregate data were recorded during two 500 step periods (T1
and T2) (Fig. 11). Changes in value of a parameter, if any, were
made at step 1500. The 1000 step periods before each data collec-
tion period allow the behavior of the system to stabilize following
startup and any changes implemented at step 1500.

Model experiment runs could be configured to collect several
different kinds of data outputs: aggregate data on population-level
means during T1 and T2; cross-sectional data on the attributes of
individual people and families; and longitudinal data on the char-
acteristics of individual families. At the end of each 500-year data
collection period (i.e., T1 and T2), aggregate data on mean and
maximum family size, infant mortality rate, mean fertility, mean
male and female ages at marriage, percentage and intensity of
polygyny, and the mean amount of surplus produced over the life-
span of a family were reported. For analytical clarity, the ‘‘family’’
unit of analysis only included co-residential groups with both a
husband a wife (i.e., conjugal groups with both productive and
reproductive capacity).

Validity of model behavior

The validity of a model (how well the model represents what it
is intended to represent) can be evaluated by comparing the
behaviors of the model with the known behaviors of the real world
systems it purports to represent (see Gilbert, 2008). For obvious
reasons, the behaviors that are the subject of this comparison
can be neither those behaviors that are directly programmed into
the model nor those behaviors that constitute the emergent phe-
nomena we are trying to investigate. We can, however, make com-
parisons between data from real world hunter–gatherer systems
and corresponding aspects of the model system that are the result
hically-documented hunter–gatherers. Means of total fertility rate, infant mortality
er–gatherer range whether the value of ageAtProduction is set to 14 (circles) or 8
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of the dynamics of the model. These comparisons allow us to as-
sess the degree to which the internal dynamics of the model match
those of the system it represents.

The specifics of validation experiments and results are dis-
cussed in Appendix A. Experimental results suggest the systems
in the model produce rates of fertility, infant mortality, mean fam-
ily size, and mean male and female ages at first marriage within
the ranges documented among ethnographic hunter–gatherer sys-
tems (Fig. 12). All of these are system-level characteristics that are
the result of family- and person-level ‘‘rules’’ and constraints that
influence productive and reproductive behavior. An examination
of individual families produced by the model suggests that the
‘‘rules’’ produce realistic results at that level, also. Along with age
profiles similar to those of real populations, these results suggest
that the model reasonably captures the basic dynamics and eco-
nomic aspects of family size and composition that are of interest
here, and is therefore a useful tool for investigating cause-effect
relationships between the family-level behaviors and system-level
patterns we are interested in.
Model experimentation and results

A series of experiments was performed to evaluate how the age
at which children become producers (ageAtProduction, hereafter
AAP) and the strength of the incentive for polygynous marriage
(bridePriceMultiplier, hereafter BPM) were related to a number of
other variables, including mean family size, distributions of family
size, the degree and intensity of polygyny, infant mortality rates,
and mean age at marriage. These experiments were undertaken
in order to understand both: (1) how variables related to family-le-
vel production and reproduction are inter-related in the model;
and (2) how changes in family-level economics might ‘‘scale up’’
to changes that are discernible at the system level.

Because the goal of these experiments was to isolate the effects
of changes in one or two variables, the values for most parameters
used by the model (i.e., basic parameters related to mortality, fer-
tility, population size, and what constitutes a sustainable depen-
dency ratio) remained constant (see Table 5). The values for
these parameters were chosen to fall within the ranges docu-
mented among ethnographic hunter–gatherers. Basic information
about the settings and characteristics of each set of model experi-
ments is provided in Table 7.

Experiments A1 and A2 were designed to evaluate the gross ef-
fects of a significant reduction in AAP. Both experiments began
Table 7
Basic settings and characteristics of model experiments.

Experiment n Runs T1 T2

AAP BPM AAP BPM

A1 1000 14 0 8 0
A2 1000 14 0 14 0
B 1000 5–16 (random) 0 5�16 (random) 0
C1 1000 14 0 8 0–100 (ran
C2 1000 14 0 14 0–100 (ran
D 100 14 0 8 0
E1 100 14 0 8 0
E2 100 14 0 14 0
E3 100 14 0 8 1
E4 100 14 0 14 1
F 1 14 0 8 0

G 1000 14 0 5–16 (random) 0–100 (ran
H 50 14 0 14 0
I 50 14 0 8 0
J 50 14 0 14 50
K 50 14 0 8 50
with AAP set at 14. In A1, AAP was reduced to 8 at step 1500, while
in A2 it remained at 14 for the entire run. Mean family size in-
creased significantly during T2 of A1 following a decrease in AAP
from 14 to 8 (Fig. 13). This increase was associated with increases
in the percentage of polygynous marriage, increases in mean fertil-
ity, and decreases in the mean female age at marriage (Fig. 14). The
suite of changes trigged by a decrease in AAP is consistent with
general expectations derived from ethnographic data: constraints
on reproduction and family size are relaxed because larger families
are economically viable when children make a contribution to sub-
sistence. None of these changes occurs when AAP remains un-
changed (i.e., in Experiment A2).

Experiment B examined the effects of the direction and magni-
tude of a change in AAP between T1 and T2. In each run, AAP during
T1 and T2 was a randomly chosen integer between 5 and 16, allow-
ing AAP to change between T1 and T2 by ±11. Comparisons of the
change in AAP vs. change in mean family size, mean fertility, per-
centage of polygyny, and mean male and female ages at marriage
indicate linear relationships between these variables: the direction
and degree of change in AAP produces a relatively straightforward
change in these variables related to family size and composition
(Fig. 15). A decrease in AAP results in proportional increases in
mean family size, fertility, infant mortality, and polygyny, and pro-
portional decreases in the mean male and female ages at marriage.

In all runs discussed thus far, the value of BPM was set to 0,
meaning that bridePrice plays no role in the economic calculations
performed by males contemplating the addition of a wife or fe-
males contemplating the acceptance of a marriage proposal. These
runs produced degrees of polygyny between 1% and 10%. As dis-
cussed above, setting BPM to be >0 alters the probabilities associ-
ated with either male or female marriage calculations: a scarcity
of potential brides (i.e., a current bridePrice > 0) increases the prob-
ability that a male will seek additional wives, while a glut of poten-
tial brides (i.e., a current bridePrice < 0) increases the probability
that a female will accept a marriage.

Results from Experiment C show the relationship between the
value of BPM and the mean and maximum levels of polygyny pro-
duced. These runs produced levels of polygyny between 1% and
27% (Fig. 16). While the range of levels of polygyny is similar in
runs where the T2 AAP was set at 8 and 14, consistently higher
mean percentages and intensities of polygyny were produced
when the T2 AAP was set at 8. Greater mean family sizes and infant
mortality rates were also associated with the lower AAP. The rela-
tionships between these variables and BPM are curvilinear: mean
percentages of polygyny, intensities of polygyny, family size, and
Data outputs

Summary data from T1 and T2, each run
Summary data from T1 and T2, each run
Summary data from T1 and T2, each run

dom) Summary data from T1 and T2, each run
dom) Summary data from T1 and T2, each run

Data on live persons at the beginning of T1 and T2
Data on population size and bridePrice at each step
Data on population size and bridePrice at each step
Data on population size and bridePrice at each step
Data on population size and bridePrice at each step
Data on each live family at each step from beginning of T1 ? T1 + 100,
beginning of T2 ? T2 + 100

dom) Data on each live family at the beginning of T1 and T2
Data on each dead family during T1 and T2
Data on each dead family during T1 and T2
Data on each dead family during T1 and T2
Data on each dead family during T1 and T2



Fig. 13. Histograms of mean family size produced during 2000 runs in Experiments A1 and A2.

Fig. 14. Mean family size, mean fertility, mean female age at marriage, and mean intensity of polygyny plotted against the percentage of polygyny (Experiments A1 and A2).
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Fig. 15. Relationships between changes in ageAtProduction from T1 to T2 and changes in mean family size, the degree of polygyny, mean fertility, and mean female age at
marriage (Experiment B).
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infant mortality increase relatively rapidly when BPM is increased
between 0 and 20. As is clear from the scatterplots, however, the
value of BPM demarcates the maximum percentage of polygyny
that is produced but does not have a large effect on the minimum
percentage of polygyny. Within the model, it is necessary to incen-
tivize plural marriage through an increase in the BPM in order to
produce ranges of the degree of polygyny consistent with those
seen in the ethnographic record (i.e., including cases over 10%).

Relationships between the degree of polygyny and the statisti-
cal characteristics of the distribution of family size were investi-
gated in Experiment G. All runs started with AAP set at 14 and
BPM set to 0. At step 1500, change in the values of these parame-
ters was randomized (5–16 for AAP, 0–100 for BPM). Cross-sec-
tional data were recorded on the size of each ‘‘live’’ family during
a single step at the start of T2. These data were used to calculate
the percentage of polygyny and the statistical characteristics of
the distribution of family size (mean, standard deviation, skew-
ness, coefficient of variation) in each run (Fig. 17). The model pro-
duced the expected positive relationships between the degree of
polygyny and the mean, standard deviation, and coefficient of var-
iation of family size and the skewness of the distribution of family
size. Examples of family size distributions from a run producing
low polygyny (Run 748) and high polygyny (Run 780) are also
shown in Fig. 17.

Most of the values from the ethnographic examples considered
above (see Table 3) plot within the cloud of values produced by the
model (see Fig. 17). There are several obvious exceptions. The
mean family size of the Walbiri example is lower than that pro-
duced by model runs with a comparable degree of polygyny. Meg-
gitt (1962: p. 80) states that girls typically marry and leave family
unit by the age of 10 or 12, decreasing the size of residential fam-
ilies. The model, in contrast, contains no provision for marriage be-
low the age of reproductive maturity (set at 16). This difference
could account for the low mean family size of the Walbiri relative
to the model results.
In the Inupiat example, measures of variability (standard devi-
ation and coefficient of variation) are lower than those produced
by model runs with a comparable degree of polygyny. Burch
(2006: pp. 82–84) speculated that a combination of low fertility
and high infant mortality rates resulted in relatively few living
children among the Inupiat, and relatively small family sizes (see
also Smith and Smith, 1994). The largest conjugal family in the
sample considered here was 5 persons: thus the range of family
size is only 2–5 persons. Mean fertility in the model runs plotted
in Fig. 17 ranged from 2.6 to 8.8 while infant mortality ranged from
10.2% to 21.2%. Fertility below this range and/or infant mortality
above this range could account for the low variability in family size
among the Inupiat relative to the model results.

Finally, the model was used to explore the relationship between
the peak size of a family over the course of its lifespan and its
cumulative productive capacity. Data on peak size and lifespan sur-
plus were collected at the ‘‘death’’ of each family during T2 in
Experiments H, I, J, and K, varying AAP (14 and 8) and BPM (0
and 50). The 200 runs in these experiments produced data on over
640,000 families. Histograms in Fig. 18 show the distribution of
lifespan surplus in each of the four cases. It is clear that both low-
ering AAP from 14 to 8 and increasing BPM from 0 to 50 result in
more skewed distributions of lifespan surplus. The combination
of a low AAP and high BPM produces the most skewed distribution
of lifespan surplus (Fig. 18, bottom left).

The scatterplots on the right side of Fig. 18 show peak family
size (the largest size reached by a family) plotted against lifespan
surplus for each experiment. These diagrams graphically depict
the ‘‘possibility space’’ of relationships between peak family size
and productive capacity that is produced by each set of model vari-
ables. In the top three diagrams, the possibility space takes the
shape of an ovoid cloud of points, the right edge of which is the
least well-defined. In these diagrams, the families with the greatest
capacity for surplus production are not necessarily the largest. In
the diagram associated with the most skewed distribution of life-



Fig. 16. Relationships between the value of bridePriceMultiplier and polygyny, mean family size, and infant mortality. The top charts show a nonlinear relationship between
the value of bridePriceMultiplier and the maximum percentage of polygyny that can be produced during a model run. The four bottom charts show the differences in how the
value bridePriceMultiplier (collapsed into classes) is related to the mean degree of polygyny, the mean intensity of polygyny, mean family size, and mean infant mortality.
Higher values of all of these variables are produced in runs where ageAtProduction is 8 rather than 14.
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span surplus (Fig. 18, bottom right), however, there is an associa-
tion between high peak size and high lifespan surplus in the right
side of the cloud: while much of the population occupies approxi-
mately the same possibility space as in the other experiments, the
highest levels of surplus production are associated with large fam-
ilies. These large families, comprising a relatively small component
of the population, occupy the long right tail of the distribution of
lifespan surplus.

In summary, experiments performed using the FamilyNet2
model have demonstrated that a change in the age at which chil-
dren become producers (AAP) causes patterned changes in mean
family size, the degree and intensity of polygyny, mean fertility, in-
fant mortality, and male and female ages at marriage in the model
systems. Values produced for all of these variables are within the
range of those reported for ethnographically-documented hun-
ter–gather systems. Changes are caused by adjustments in the
family-level economic calculus affecting decisions related to repro-
duction and marriage. When the incentive for plural marriage is in-
creased by adjusting the probability of taking additional wives
based upon the relative scarcity of potential brides (increasing
BPM), high polygyny systems can emerge. Model systems produced
under conditions of both incentivized polygyny and a low age at



Fig. 17. Mean, standard deviation, skewness, and coefficient of variation of family size plotted against the degree of polygyny (Experiment G, 1000 runs) with values from
ethnographic cases plotted (black dots). The histograms at the bottom show differences in the distribution of family size from two example runs.
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production have a highly skewed, right-tailed distribution of pro-
ductive capacity. In these cases, large family size is associated with
high levels of cumulative surplus production relative to the rest of
the population.
Archaeological data

Archaeological data from eastern North America can be used to
make inferences about changes through time in the distribution of
family size. These data can be compared to data produced by the
computational model and ethnographic data in order to make an
interpretation about their meaning.

The best archaeological data pertaining to family size come
from the remains of residential structures. The existence of some
degree of positive relationship between the size of a residential
structure and the number of occupants is warranted by studies
using ethnographic data (e.g., Cook, 1972; Cook and Heizer,
1968; LeBlanc, 1971; Naroll, 1962; Whiting and Ayres, 1968). Size
data from dated assemblages of residential structures has the po-
tential to inform us about changes through time in mean family
size, maximum family size, and the distribution of family size.



Fig. 18. Histograms of the amount of surplus produced over the lifespans of families during four experiments (Experiments H, I, J, and K) with different combinations of
ageAtProduction and bridePriceMultiplier (left). The charts at the right plot lifespan surplus of each family against its peak size.
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Fig. 19. Locations of archaeological sites with domestic structure data used in the analysis (Paleoindian through Middle Woodland periods). Information on individual sites
and structures and associated bibliographic references can be found in the supplementary data file provided online.
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Conventions of chronology and nomenclature used to sub-di-
vide prehistoric time vary somewhat across eastern North America.
The framework employed here is a general one that is intended to
serve as a simple organizational tool. Because this study is con-
cerned with long-term, large-scale patterns of change, age esti-
mates more precise than gross chronological period are not
required. General date ranges are given in terms of calendar years.

Prehistoric domestic structures in eastern North America

The locations of sites with reported prehistoric residential
structures from eastern North America are presented in Figs. 19
and 20. Basic data on individual structures from these sites are pro-
vided online in a supplementary file. The locations of sites dating
to Paleoindian period through Middle Woodland/Late Woodland
transitional period are shown in Fig. 19. The locations of sites that
are clearly post-Middle Woodland (i.e., Late Woodland, Late Pre-
historic, Fort Ancient, Emergent Mississippian, and Mississippian
periods) are shown in Fig. 20.

The data discussed here were compiled from a variety of pub-
lished sources, are of uneven quality, and are not intended to be
exhaustive. Use of this kind of extant data requires one to place
some level of confidence in the conclusions and interpretations
of the original researchers. Some purported dwellings are excluded



Fig. 20. Locations of archaeological sites with domestic structure data used in the analysis (post-Middle Woodland period). Information on individual sites and structures and
associated bibliographic references can be found in the supplementary data file provided online.

A.A. White / Journal of Anthropological Archaeology 32 (2013) 122–163 145
from the analysis because published information relevant to the
size and/or age of the structure is unconvincing or insufficient to
confidently include the structure. Sites or structures that were ex-
cluded from the analysis for any reason are indicated by an ‘‘X’’ in
the ‘‘Exc.’’ column in the supplementary data file.

The area enclosed by a structure was estimated based on the
linear dimensions and shape of the structure. The areas of circular
structures were estimated by calculating the area of a circle with a
given diameter. The areas of ovoid structures were estimated by
calculating the area of circle with a diameter equal to the mean
of the ‘‘long’’ and ‘‘short’’ axes of the structure. The areas of rectan-
gular and subrectangular structures were estimated by multiplying
the length and width dimensions of the structure. Published floor
area estimates were utilized when it was judged that these esti-
mates were probably more accurate than those generated by the
methods described above.

A variety of criteria were used to assign structures to chronolog-
ical periods, including radiocarbon dates pertaining to individual
structures or other deposits at a site, associated diagnostic arti-
facts, stratigraphic associations, etc. Structures which could not
be confidently assigned to a time period based on the available
data were excluded from further analysis.

Residential structures dating to the Middle/Late Archaic
through Middle Woodland periods appear to include two main
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classes: ‘‘closed’’ and ‘‘open.’’ Closed post structures varied in
shape from circular to rectangular and were sometimes con-
structed around a pit or basin. Basins or depressions without asso-
ciated posts have also been identified as the remains of residential
structures, generally with the assumption that the postmolds have
been destroyed in the plowzone. It is not clear in some cases if
these basins/depressions are the remains of purposeful semi-sub-
terranean construction or if they mark the locations of floor areas
depressed through use and subsequently filled with refuse. In
either case, the dimensions of these depressions would tend to
underestimate the original size of the structure, especially when
truncated by plowing. In many cases, basins/depressions (espe-
cially those that are irregular in shape) without posts are excluded
from the analysis for this reason.

Open structures, identified by curvilinear arcs of postmolds or
widely-spaced posts supporting arbors, are often interpreted as
warm weather dwellings (e.g., see Milanich and Fairbanks, 1980:
pp. 74–75). These structures are typically interpreted as temporary
shelters erected and used during mild weather (e.g., see Bentz,
1988: p. 8; Bowen, 1977: pp. 109, 113; Keener and Nye, 2007: p.
287; Smith, 1992; Vickery, 1976: p. 219). While these shelters
may have served a family-level, residential purpose, their openness
precludes a meaningful estimation of ‘‘floor’’ area. These structures
are not included in the statistical analysis.

The use of multiple kinds of dwellings during the Middle/Late
Archaic through Middle Woodland periods is consistent with the
operation of ‘‘semi-nomadic’’ systems where mobility, group size,
and activities vary on a seasonal basis (see Binford, 1990). Domes-
tic structures pre-dating the Late Archaic period are not numerous.
The low number of domestic structures identified from these early
periods certainly reflects the nature of the architecture in use
rather than the lack of architecture. While all known modern hun-
ter–gatherers construct shelters at residential sites ‘‘regardless of
the expected occupational duration,’’ there is ‘‘a very general in-
verse relationship between mobility and investment in housing’’
(Binford, 1990: pp. 120–122). Late Pleistocene and Early Holocene
(i.e., Paleoindian and Early/Middle Archaic) hunter–gatherers in
eastern North America with a high degree of residential mobility
would have likely constructed numerous expedient shelters, very
few of which would be detectable archaeologically. Materials for
structural supports and wall/roof coverings would have been read-
ily available in the temperate woodlands of eastern North America,
suggesting that (generally) few components of houses would be
transported from one residential site to another (see Binford,
1990: p. 128).

Paleoindian (ca. 11,500–9500 BC)
Paleoindian houses are exceedingly rare in eastern North Amer-

ica. While several eastern Paleoindian sites have produced clus-
tered distributions of artifacts that have been interpreted as the
remains of camps of individual families or larger social units
(e.g., see Deller and Ellis, 1992a, 1992b; Fitting et al., 1966; Storck,
1997), the remains of discrete domestic structures are largely un-
known. Gramly (1988) describes one possible dwelling area at
the Adkins site, perhaps the result of a tent structure enclosing
approximately 13 m2. An oval/rectangular scatter of postmolds at
the Thunderbird site was interpreted as the remains of one or more
Paleoindian structures enclosing a maximum area of approxi-
mately 21 m2.

Early Archaic (ca. 9500–6900 BC)
Only a small number of possible structures dating to the Early

Archaic period have been identified in eastern North America.
The earliest of these is what appears to be a small (ca. 4.9 m2),
ovoid, open-sided, post shelter associated with the Thebes compo-
nent at the Twin Ditch site (Morrow, 1996: pp. 347–348). Abel
(1994) attributed a small (ca. 7.8 m2), circular, basin/post feature
at the Weilnau site to the Early Archaic period based on the pres-
ence of bifurcate and Stanley cluster projectile points in the fill.
Both of these structures are included in the analysis because both
appear to enclose a definable area.

Ledbetter et al. (2004) described the remains of a possible tent
structure defined by debris concentrations and a few possible an-
chor stones at the Vulcan site. Perino (1970: p. 119) described
two ‘‘house sites or living areas’’ defined by dark soil or midden
at the Stilwell II site. The site was dated to the Early Archaic period
based on the presence of Kirk and bifurcate projectile point forms.
Based on the published information, it is unclear whether the
stained areas (measuring about 6.1 m long and of an unknown
width) represent house basins or surface midden accumulations.
Neither of these sites is included in the analysis.

Middle Archaic (ca. 6900–3800 BC)
Structures reported from the Middle Archaic period include

both post and basin ‘‘houses’’ as well as arcs of postmolds that
may be the remains of open shelters or windscreens. Only three re-
ported structures (from Barton-Milner, Nochta, and Oconto) fit the
criteria for inclusion in the analysis.

The Middle Archaic structure from the Nochta site is a rectangu-
loid basin with no associated posts (Higgins, 1990: p. 100; McEl-
rath et al., 2009: p. 363). It was interpreted as a possible
structure based on its size (about 7.8 m2) and configuration. It is in-
cluded here despite the lack of posts because the sample of Middle
Archaic houses is so small.

Wittry and Ritzenthaler (1956: p. 245) report a possible Middle
Archaic oval structure about 4 m in width in addition to arcs of
postholes at the Oconto site (see also Pleger, 2000). The structure
reported from Barton-Milner was a post structure encompassing
about 16 m2 (Ahler, 2000).

Multiple rectangular structures interpreted as houses were
present in Middle Archaic deposits at the Koster site, built on ter-
races or platforms that were cut into the slope of the occupational
surface (Brown and Vierra, 1983; Carlson, 1979; Wolynec, 1977).
The boundaries of individual structures could generally not be
determined, however, making area estimates impossible (Brown
and Vierra, 1983: 184; Wolynec, 1977: p. 275). Brown and Vierra
(1983: 184) suggest that the post houses in Horizon 8C might have
been around 4.5 � 5.0 m (22.5 m2). Wall trenches associated with
structures in Horizon 6A2 varied in length from 2.3 to 3.0 m (Woly-
nec, 1977: p. 275).

Open arcs and ovoid patterns of postmolds in the Middle Archa-
ic deposits at Modoc Rock Shelter have been interpreted by Ahler
(2000) as the possible remains of domestic shelters. Clusters of
posts at the base of the midden at the Black Earth site may also
be the remains of Middle Archaic domestic structures (Jefferies,
1982: pp. 82, 89).

Late Archaic (ca. 3800–1200 BC)
Structures dating to the Late Archaic are considerably more

numerous than those of earlier periods. Domestic structures can
be roughly divided into three main classes: closed basin and/or
post structures; open arcs of postmolds; and constructed platforms
of clay, sand, or rock that may have been used as dwelling floors.
Published descriptions of ‘‘closed’’ post and/or basin structures in-
clude structures ranging in size from less than 5 m2 to over 100 m2,
with the majority enclosing less than 25 m2.

Most of the shallow basins that are interpreted as possible Late
Archaic domestic structures (e.g., at the Labras Lake, Range, Cherry,
Delaware Park, and Spring Creek sites) are excluded from the anal-
ysis for the reasons discussed above. The literature on the Labras
Lake features is inconsistent. While Phillips and Gladfelter (1983:
p. 201) seem to make a distinction between ‘‘shelters’’ with inter-
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nal pits and hearths and ‘‘domestic areas’’ with no internal fea-
tures, other authors (Fortier, 1993: p. 260; Yerkes, 1987) do not
seem to make this distinction. Only Features 171 and 1172 from
Labras Lake are included in the analysis.

Several other purported Late Archaic structures were excluded
from the analysis for a variety of reasons. Three of the hypothe-
sized structures from Wapanucket No. 6 (Lodge Floors #1, #4,
and #7) are excluded from the statistical analysis based on maps
and descriptions in the report (Robbins, 1959) that suggest that
the excavators did not have confidence that they had delineated
the boundaries of the structures accurately. Structure 2 from the
Grayson site (Ledbetter and O’Steen, 1992) is excluded because
the dimensions of the structure could not be determined. The num-
ber of structures represented by the multitude of postmolds from
the Robeson Hills site is not clear: Winters (1969: p. 92) simply
states that post alignments suggest ‘‘circular or oval houses rang-
ing in size from 7 to 30 ft’’ as well as ‘‘small rectangular structures.’’
An arc of postholes is present along only one side of the structure
from the Robinson site (Morse, 1967), suggesting the structure
may have not have been a closed house. The large structure (Fea-
ture 903) from the Missouri Pacific #2 site was interpreted as a
communal arbor (McElrath and Fortier, 1983: p. 59) and is not con-
sidered a ‘‘closed,’’ single family structure for the purposes of this
analysis. Pfeiffer (1984: pp. 76–77) describes post molds outlining
‘‘three oblong structures with compact living floors, storage pits,
refuse pits, hearths, and workshops’’ about 50–55 m2 in size asso-
ciated with a Brewerton component at the Bliss-Howard site, but
does not provide drawings or individual dimensions. While one
or both of the structures at the Cady site may date to the Late Ar-
chaic period (Strachan, 1974), the multicomponent nature of the
site makes confident attribution difficult in the absence of direct
dating.

Platforms constructed of clay, sand, or rock, some of which are
associated with postholes, have been interpreted as the floors of
residential structures (e.g., see Lewis and Lewis, 1961: p. 15;
McCollough, 1973: p. 65; Ritchie, 1940: p. 54; Sassaman and Led-
better, 1996: p. 78; Webb and DeJarnette, 1942: pp. 61, 238; Win-
ters, 1969: p. 98). The sizes of individual platforms from the
Riverton site are assumed to reflect the sizes of individual struc-
tures and are included in the statistical analysis. Data on platforms
from other sites are usually generalized descriptions and are not
sufficient for inclusion.

Arcs of postmolds have been reported from many Late Archaic
sites. Clusters of pit and hearth features and/or concentrations of
debris at some Late Archaic sites have been interpreted as ‘‘domes-
tic areas’’ that probably centered around residential structures
(e.g., Lennox, 1986; Sassaman et al., 2006: p. 556). No attempt
was made to include these in the analysis.

Early Woodland (ca. 1200–200 BC)
Structures dating to the Early Woodland period in eastern North

America include both residential structures and monumental and/
or ceremonial structures. The latter category includes sub-mound,
circular post structures that were originally interpreted as houses
(see Clay, 1986, 1987; Seeman, 1986; Webb and Snow, 1945). None
of these ceremonial structures is considered here.

Reported Early Woodland domestic structures utilized both
post and basin architecture. Compacted floors were noted in some
of the Early Woodland post houses reported by Stothers and Abel
(1993) as well as in the Tchefuncte ‘‘house’’ described by Shenkel
and Holley (1975: p. 232). Circular to ovoid post structures range
in size from about 5 m2 to nearly 80 m2, with the majority enclos-
ing less than 25 m2. The Meadowood structure from the Sinking
Pond site (Granger, 1978) is included in the analysis because the
compacted floor appears to define a bounded area even though
postholes were only discerned along a portion of the edge. Shallow
depressions at the Larson and Carbon Monoxide sites have been
interpreted as the remains of domestic structures. Only Feature 6
from Carbon Monoxide and Feature 17 from Larson, the best pre-
served structures from the sites, are included in the analysis. A
shallow pit feature at the Clyde Farm site was interpreted as the re-
mains of a pit house (Custer et al., 1987).

As at Late Archaic sites, arcs of postmolds may define the edges
of open shelters (e.g., Blank, 1977; Bowen, 1989: pp. 46, 62, 212;
Carskadden and Gregg, 1974; Railey, 1991: p. 61; Schweikart,
2008: p. 189; Shane, 1967: p. 104). The large Cogswell phase struc-
ture reported from the Grayson site appears to have been open on
one or more sides (Ledbetter and O’Steen, 1992: p. 32). The Dept-
ford structure from Stafford North also may have been open (Mil-
anich and Fairbanks, 1980: p. 74). Shenkel and Holley (1975: p.
232) interpreted the scatter of postmolds at the Little Oak Island
site as the possible remains of a linear (open?) shed-like structure.

Circumscribed scatters of material at the Carbon Monoxide site
were interpreted as possibly marking the locations of domestic
structures (Fortier, 1985: p. 61). Clusters of features at the May-
view Depot site were also interpreted as marking possible house
locations that could no longer be defined based on intact postholes
(Robertson et al., 2008: p. 120). Circular shell middens 6–9 m in
diameter were interpreted as refuse deposits associated with indi-
vidual households at Deptford sites (Milanich and Fairbanks, 1980:
p. 72). None of these are included in the analysis.
Middle Woodland (ca. 200 BC–AD 500)
Structures dating to the Middle Woodland period have been

identified at numerous sites in eastern North America. As during
the Early Woodland period, both residential and monumental/cer-
emonial structures are present. Structures are generally identified
as habitation structures based on their smaller size relative to
large, sub-mound structures, the presence of a suite of food storage
and processing features (Smith, 1992), and their location not be-
neath earthen burial mounds. Structures have been identified clus-
tered in ‘‘villages’’ and small groups as well as apparently isolated.
House remains marked by basins and/or post outlines vary in
shape from circular to oval to rectanguloid. Many of the structures
included in this analysis were also used by Smith (1992) in his
study of Hopewell farming settlements.

Published descriptions of ‘‘closed’’ post and/or basin structures
suggest floor areas ranging from less than 5 m2 to nearly 190 m2,

with just over half enclosing less than 30 m2. The structure from
Brown’s Bottom #1, interpreted by Pacheco et al. (2006) as a hab-
itation structure, is similar in size to the corporate/ceremonial
structures from Mound City. With the exception of this structure,
the size range of the structures considered here is similar to that
of those in Smith’s (1992) study.

Postholes arranged in arcs, rectilinear lines, and ‘‘C’’ shapes sug-
gest the remains of open-sided structures, typically interpreted as
warm weather shelters (e.g., Smith, 1992).
Middle Woodland–Late Woodland Transitional (ca. AD 500–650)
This category is composed of a small number of structures

attributed to cultural phases that are variously described as either
‘‘late Middle Woodland’’ or ‘‘early Late Woodland,’’ such as Allison-
LaMotte (Indiana-Illinois), Newtown (Kentucky-Ohio), and Mund
(Illinois). These regional expressions, all associated with Lowe
Cluster hafted bifaces (Justice, 1987), immediately post-date Hope-
well but are distinct from later Late Woodland, Late Prehistoric,
Mississippian, and Fort Ancient. Because it was unclear if struc-
tures from these sites should be included with the Middle Wood-
land or post-Middle Woodland samples, a separate category was
created.
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Post-Middle Woodland (ca. AD 650–contact)
As defined here, the post-Middle Woodland includes more-or-

less distinctive Late Woodland, Late Prehistoric, Emergent Missis-
sippian, Mississippian, and Fort Ancient archaeological cultures
that clearly post-date the Middle Woodland period but cannot al-
ways be differentiated from one another on the basis of chronol-
ogy. Houses post-dating the Middle Woodland period are
numerous compared to earlier periods. While no effort was made
to include data from every post-Middle Woodland house in eastern
North America, a relatively large sample (n = 651) was compiled
using published data from both large and small sites.

Post-Middle Woodland residential architecture includes a vari-
ety of basin, basin/post, post, and wall trench structures. So-called
‘‘keyhole’’ structures dating to the Late Woodland/Late Prehistoric
period in Illinois and Pennsylvania are included under the assump-
tion that these are indeed residential structures rather than special
purpose structures (such as sweat lodges) (see MacDonald, 2008;
Smith, 1976). As in the earlier samples, structures associated with
mounds (i.e., either sub-mound structures or structures built on
platform mounds) have been excluded under the assumption that
these structures are likely not remains of single-family dwellings.
This assumption may not be warranted, however, in the case of
at least some structures built atop Mississippian platform mounds:
a variety of purposes has been suggested for these structures,
including the habitations of ‘‘elite’’ families (e.g., Muller, 1986;
Pauketat, 1997). It does seem likely, however, that the sizes of
these platform mound structures may have been influenced by fac-
tors other than simply the number of occupants.

Large structures that are known to be multi-family dwellings
(e.g., Late Prehistoric longhouses found in the northeast) are not
considered in this study.

Structure size and family size

For the purposes of this study, interpretation of the archaeolog-
ical data on structure size requires accepting three assumptions:
(1) these structures are residential structures; (2) the occupants
of each structure primarily constitute a single, functionally-inte-
grated ‘‘family’’ unit; and (3) the size of each structure is positively
related to the number of occupants.
Fig. 21. Histograms of the estimated number of occupants (family size) for archaeologica
combined).
Identification of these structures as residential structures is, in
most cases, a fairly straightforward proposition. While some of
the larger structures (e.g., the Brown’s Bottom #1 ‘‘house’’) could
be interpreted as having a corporate or ritual function, most of
structures considered here were interpreted as dwellings by the
original excavators and later analysts.

With regard to the second assumption, it perhaps bears repeat-
ing that ‘‘houses’’ are neither ‘‘households’’ nor ‘‘families.’’ Houses
constitute a physical space within which members of a family and/
or household unit live and interact. We may infer the characteris-
tics of the occupants of a structure, however, from the characteris-
tics of a structure and its associated remains. Ethnographic reports
suggest that the ‘‘household’’ is a meaningful spatial unit in the
organization of many (but not all) hunter–gatherer camps (see
Cook and Heizer, 1968; O’Connell, 1987; Wiessner, 1974). The
assumption that each structure represents the living area of a sin-
gle, functionally-integrated family unit, while analytically neces-
sary, is a potential source of error: the co-residential groups that
built and used these structures doubtless sometimes included indi-
viduals outside of the ‘‘nuclear’’ family (i.e., members of the ex-
tended family or unrelated individuals). I assume that, despite
this potential source of error, the conjugal family probably forms
the modal core of the co-residential groups that inhabited the
structures considered here.

The third assumption is warranted by studies using ethno-
graphic data (e.g., Cook, 1972; Cook and Heizer, 1968; LeBlanc,
1971; Naroll, 1962; Whiting and Ayres, 1968), and is generally ac-
cepted by researchers both in eastern North America (e.g., see Bin-
ford et al., 1966; Fortier, 1993; Gardner, 1983; McGregor, 1958;
Milanich and Fairbanks, 1980; Sassaman and Ledbetter, 1996: p.
94; Winters, 1969) and elsewhere around the world (e.g., Flannery,
2002; Soffer, 1985). ‘‘Closed’’ structures with identifiable bound-
aries are the basic archaeological unit of analysis for this study be-
cause the sizes of these structures can be used to generate
estimates of the number of occupants. The number of occupants
of a structure was estimated using Cook’s (1972: p. 16) ‘‘rule of
thumb formula’’: 25 ft2 (2.3 m2) for each of the first six people,
100 ft2 (9.3 m2) for each additional person. This general formula
has been used commonly in eastern North America (e.g., Custer
et al., 1996; Henderson, 1992; Smith, 1992).
l structures by time period (Paleoindian, Early Archaic, and Middle Archaic samples
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Based on these assumptions, I consider the size distributions of
assemblages of structures from different time periods to be a rea-
sonably accurate index of the distribution of family size during var-
ious periods of North American prehistory. Histograms of the
estimated number of occupants for eight divisions of prehistoric
time are shown in Fig. 21 (the Late Woodland/Late Prehistoric,
Emergent Mississippian/Mississippian, and Fort Ancient categories
are combined into a single ‘‘post-Middle Woodland’’ category for
these histograms). Individual data and the coefficients of variation
for each distribution are depicted in Fig. 22. Summary statistical
data are given in Table 8.

Several things are notable about the characteristics of these dis-
tributions. First, the highest coefficients of variation in the esti-
mated number of occupants are associated with the Middle
Woodland sample. The distribution of family size suggested by
houses from this period is clearly right-tailed, with structures of
a size suggesting up to 25 occupants.

The Late Archaic and Early Woodland samples, while smaller
than the Middle Woodland sample in terms of both sample size
and mean, also have relatively high coefficients of variation. While
examples of houses with 10–5 estimated occupants are present
during both periods, houses suggesting more than 15 occupants
are absent. Small sample sizes make the shape of distributions
unclear.

Variability in family size appears to decrease following the Mid-
dle Woodland period. Only a few houses suggesting more than 15
Fig. 22. Coefficients of variation for estimated number of occupants (family size) and st
software) is a representation of the general trend of the data points. The figure on the r

Table 8
Statistical characteristics of house and family size estimates from archaeological data by t

Period n Structures Est. number

Mean

Paleoindian 2 6.1
Early Archaic 2 2.7
Middle Archaic 3 5.0
Late Archaic 34 7.0
Early Woodland 19 6.8
Middle Woodland 106 8.0
MW/LW Transitional 9 8.9
Late Woodland/Late Prehistoric 81 2.5
Emergent Mississippian/Mississippian 536 6.3
Fort Ancient 34 8.6
Post-Middle Woodland Combined 651 6.0
occupants are present in the combined post-Middle Woodland
sample, despite the large sample size. The different means and dis-
tributions of size within each sub-group of the post-Middle Wood-
land sample are consistent with the presence of several distinct
architectural classes in these groups (e.g., Late Woodland keyhole
structures, rectangular wall trench structures associated with Mis-
sissippian settlements, and the relatively large post houses associ-
ated with Fort Ancient villages in the Ohio Valley).

The data from houses pre-dating the Late Archaic are equivocal
given the small sample size (i.e., calculating a coefficient of varia-
tion from samples of two or three is not particularly meaningful).
It is worth noting, however, that none of the reported Paleoindian,
Early Archaic, and Middle Archaic residential structures in eastern
North America are of a size suggesting more than about eight occu-
pants. The small size of these structures is consistent with the
small size of Late Pleistocene and Early Holocene residential struc-
tures from western North America and Beringia. The 37 semi-sub-
terranean and surface structures from Ushki-I range in size from 8
to 100 m2, with two of the three structures over 50 m2 constructed
with two distinct rooms (see Goebel and Slobodin, 1999). Assum-
ing the two-chambered structures were built to house two fami-
lies, this suggests a mean family size of around 6.5 (coefficient of
variation 38.9). The incompletely-excavated structure at the Up-
ward Sun River site suggests a size of less than 10 m2 (see Potter
et al., 2011). Purported western Paleoindian post structures from
the Hell Gap and Agate Basin sites are also less than 10 m2 (see Fri-
ructure area (m2) by time period (left). The smoothed line (calculated by statistical
ight plots the estimated number of occupants of each structure by time period.

ime period.

occupants Size (m2)

SD CV Mean SD CV

0.93 15.2 16.7 5.82 34.8
0.88 32.2 6.3 2.04 32.2
1.46 29.2 12.1 3.99 33.1
3.4 48.5 28.5 26.58 93.4
3.11 45.6 27.1 21.29 78.4
4.69 58.5 39.1 36.79 94.2
5.19 58.3 40.8 48.16 118.1
1.28 50.5 6.1 4.26 69.4
2.33 36.7 22.1 15.49 69.9
1.67 19.5 37.7 15.47 41.1
2.60 43.4 21.0 15.97 76.1



Table 9
Comparisons between distributions of estimated number of occupants (Kolmogorov–Smirnov tests, p = probability of being sampled from the same distribution, results
statistically significant at the p < 0.05 level in bold).

E. Woodland Mid. Woodland Post-MW combined LW/LP EM/Miss Fort Ancient

Late Archaic 0.83 0.05 0.19 0.00 0.20 0.00
E. Woodland X 0.57 0.54 0.00 0.54 0.01
Mid. Woodland X X 0.00 0.00 0.00 0.01
LW/LP X X X X 0.00 0.00
EM/Miss X X X X X 0.00

Fig. 23. Comparison between model, ethnographic, and archaeological data. Values of coefficients of variation of family size estimated from archaeological data are plotted
across the distribution of data points produced by Experiment G (left). Values of maximum family size estimated from archaeological data are plotted across the distribution
of data points produced by Experiments C1 and C2 (right).
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son, 1982; Irwin-Williams et al., 1973; Knudson, 2009). As they
stand, the extant data give us no reason to suspect that Late Pleis-
tocene and Early Holocene foragers in eastern North America were
building large structures to accommodate large families. The esti-
mated size (about 22.5 m2) of the Middle Archaic structures from
Koster (Brown and Vierra, 1983: 184) suggests those structures
may have held about seven people.

Results from pairwise Kolmogorov–Smirnov tests are presented
in Table 9. The Kolmogorov–Smirnov is a non-parametric test that
compares the distributions of two samples and calculates the prob-
ability that the two samples were derived from the same popula-
tion. The Middle Woodland sample differs significantly (at the
p = 0.05 level) from all the post-Middle Woodland samples, but
does not differ significantly from the Late Archaic and Early Wood-
land samples. All of the post-MW groups are significantly different
from one another. The Emergent Mississippian/Mississippian sam-
ple is not significantly different from the Late Archaic and Early
Woodland samples. The Kolmogorov–Smirnov tests also indicate
that most of these distributions do not appear likely to be normal
or lognormal.

Comparison with model and ethnographic data

The archaeological data on the distribution of family size can be
compared to data produced by the computational model and eth-
nographic data. Fig. 23 shows two such comparisons using data
from Experiments C1 and C2 (2000 runs). The left graph plots the
coefficients of variation in family size from the archaeological sam-
ples plotted along with the model and ethnographic data previ-
ously shown in Fig. 17. The spread of the model data suggests
that a given coefficient of variation in family size can be produced
by systems with a range of degrees of polygyny. The right graph in
Fig. 23 compares the maximum estimated family size from the
archaeological samples against a plot of the maximum family size
from model data. Again, the relationship between the variables is
positive but relatively loose, indicating similar maximum family
sizes can be produced by systems with different degrees of
polygyny.

Fig. 24 shows the distributions of the degree of polygyny from
the model associated with two ranges of maximum family size
and coefficients of variation of family size estimated from the
archaeological data. Coefficients of variation in family size between
45 and 50 (i.e., in the range suggested by the Late Archaic, Early
Woodland, and post-Middle Woodland structures) are associated
with degrees of polygyny between 0% and 32%, with 95% of values
falling between 0% and 18% (Fig. 24, top left). Coefficients of varia-
tion between 55 and 60 (i.e., in the range suggested by the Middle
Woodland sample) are associated with degrees of polygyny be-
tween 2% and 38%, with 95% of values falling between 5% and
32% (Fig. 24, top right). While there is overlap between the ranges
of polygyny associated with these two different ranges of the coef-
ficient of variation, the probability distributions suggest that the
higher coefficients of variation of the Middle Woodland period
were probably associated with a higher degree of polygyny.

Data on maximum family size suggest a similar interpretation
(Fig. 24, bottom). There is little overlap in the distributions of de-
grees of polygyny associated with maximum family sizes in the
14–16 range (Late Archaic, Early Woodland, post-Middle Wood-
land) and those in the 24–26 range (Middle Woodland). The former
suggest degrees of polygyny between 0% and 10% (95% confidence
interval), while the latter suggest degrees of polygyny between 8%
and 23% (95% confidence interval).

The relationships between the coefficient of variation of family
size, maximum family size, and the degree of polygyny in the mod-



Fig. 24. Histograms of the degree of polygyny associated with coefficients of variation (family size) between 45–50 (top left) and 55–60 (top right) from model data
(Experiment G). Histograms of the degree of polygyny associated with maximum family sizes of 14–16 (bottom left) and 24–26 (bottom right) (Experiment C).
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el suggest the archaeological data represents the following basic
sequence: (1) a beginning state characterized by small family size
during the Paleoindian and Early Archaic periods; (2) increasing
variability in family size (and an increase in mean family size) dur-
ing the Late Archaic through Middle Woodland periods; and (3) a
decrease in mean family size and variability in family size follow-
ing the Middle Woodland period. Comparison of model and
archaeological data suggests that the degree of polygyny in Late
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Archaic and Early Woodland systems was probably less than 10%,
while polygyny during the Middle Woodland period was probably
greater than 10% and perhaps as high as 20–30%. Polygyny proba-
bly declined to less than 10% in post-Middle Woodland systems.
Available data suggest that polygyny was likely relatively low prior
to the Late Archaic period.

In summary, the lack of statistical difference in distributions
among the Late Archaic, Early Woodland, and Middle Woodland
is consistent with the idea that a common process was operating
to produce these distributions. The high degree of variability in
family size and the relatively high maximum family sizes inferred
from the house data from the Late Archaic through Middle Wood-
land periods suggest that polygyny probably played a role in the
creation of these distributions. Differences in the estimates of max-
imum family size and the coefficient of variation of family size sug-
gest that polygyny (both the degree and the intensity) and mean
family size increased during the Late Archaic through Middle
Woodland periods, peaking during the Middle Woodland period.
Polygyny and mean family size decreased following the Middle
Woodland period.
Discussion and conclusions

A comparison of archaeological data with results from the mod-
el suggests that changes in the family-level productive and repro-
ductive calculus associated with subsistence intensification are a
plausible explanation for the distributions of house size that are
present during the Late Archaic through Middle Woodland periods.
Model runs combining a lowering in the age of production with a
strong incentive for multiple marriage produced right-tailed distri-
butions of ‘‘wealth’’ where the productive capacities of some of the
largest few families are unmatched by the remainder of the popu-
lation. These results suggest that, in the presence of a strong impe-
tus for multiple marriage (spurred by a scarcity of available brides),
changes in family-level home economics may produce a positive
Fig. 25. Log–log plot of the number of families vs. lifespan surplus. Data in the top c
Experiment K (see Fig. 18 bottom).
feedback that provides a seed for the germination of social inequal-
ity by widening the spread between large, ‘‘high status’’ families
and the remainder of the population.

The coupling of these factors is a path to breaking the social
symmetry of ‘‘simple’’ hunter–gatherer systems through the emer-
gence of social strata based on family size. This is the result of po-
sitive feedbacks operating on variability in family size that is
affected by random processes (such as mortality and fertility), mul-
tiplicative processes (the addition of wives), and the ‘‘zero sum’’
availability of females for additional wives. Arthur (1989, 1999)
has described how positive feedbacks can, over time, magnify
small, random variations in initial states into large differences. This
is also described as ‘‘increasing returns’’ or the ‘‘rich get richer’’
phenomenon (Arthur, 1989, 1999; Bentley, 2003).

The right-tailed distributions of family size and productive
capacity in the highly polygynous systems produced by the model
are similar to the right-tailed wealth distributions associated with
the unequal distribution of wealth evident in many different kinds
of economies (see Angle, 1986): ‘‘most people possess relatively lit-
tle wealth while a very small minority are extremely wealthy’’
(Watts, 2003: p. 105). In industrial economies, these wealth curves
follow a power law, plotting as a straight line on a log-log scale
(Watts, 2003). In these kinds of systems, there is no intrinsic limit
on how much wealth can be accumulated: the distribution is said
to be ‘‘scale-free’’ because its right tail stretches to infinity. The accu-
mulation of wealth in the systems modeled here is limited, however,
as wealth based on family size and family-level productive capacity
is constrained by factors such as the finite duration of the human
lifespan and the finite number of potential available marriage part-
ners. In real hunter–gatherer systems, maximum family size might
also be constrained by ecological factors: the size of autonomous
families could not exceed the maximum foraging group size that
could be supported during the most dispersed season of the year.

The limits on wealth that are present in the model are clearly
visible when data from the top and bottom distributions shown
hart are from Experiment H (see Fig. 18 top). Data in the bottom chart are from
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in Fig. 18 are plotted on log–log axes (Fig. 25). There is a steep
drop-off at productive capacities above 50 in both illustrations.
Note, however, the difference between the two distributions: while
the plot of the upper distribution (produced under conditions of no
‘‘extra’’ incentive for plural marriage and a high age at production)
plunges into the horizontal axis, there is a small tail present where
the plot of the lower distribution (produced under conditions of a
strong incentive for plural marriage and a low age at production)
meets the horizontal axis. This tail is formed by the largest,
‘‘wealthiest’’ families in the distribution. It creates a slightly sig-
moid shape, suggesting the existence of two incipient strata of
wealth in the population.

The constraints on building and maintaining wealth solely
through marriage and family-level production may encourage the
development of mechanisms for storing wealth in material goods,
the accumulation and transfer of which may have fewer intrinsic
limitations. In contexts where there are mechanism for transfer-
ring wealth from person-to-person and generation-to-generation,
a family’s wealth would not necessarily disappear at the end of
its developmental cycle. In the absence of some social mechanism
for periodically dissipating accumulated wealth, inequalities ini-
tially based on variation in family size could ossify into inequalities
based on heredity. Wealth could be preserved within lineages and
passed on from one generation to the next, perpetuating inequali-
ties in the distribution of wealth and fostering the development of
a permanent upper stratum.

This is a plausible scenario for the emergence of social inequal-
ity in prehistoric eastern North America that is consistent with sev-
eral lines of data: (1) results from the model (where process is
known and understood); (2) the particular archaeological data on
house size discussed above; (3) the timing and characteristics of
subsistence intensification in eastern North America; (4) studies
of skeletal remains that suggest an increase in fertility associated
with a shifting emphasis on horticulture (see Bocquet-Appel and
Naji, 2006); (5) ethnographic data that suggest a general, positive
relationship between levels of polygyny and the contribution of
plant foods to the diet (Binford, 2001: 280; Korotayev, 2003; Mar-
lowe, 2003); and (6) ethnographic data that suggest positive rela-
tionships between polygyny, family size, and social status (e.g.,
Hartung, 1982; Keen, 2006; Kolig, 1989; Layton, 1986; Netting,
1982; Rose, 1968; Whiting and Ayres, 1968: 124).

The explanation for the emergence of social inequality pre-
sented here contrasts somewhat with that presented by Hayden
(2001) in his discussion of ‘‘transegalitarian’’ societies. In his mod-
el, the wealth distribution which provides the grist for the emer-
gence of social inequalities takes the form of an upside-down
pyramid. A histogram of wealth in this case would be left-tailed
rather than right-tailed. While many of the wealth-increasing
strategies that Hayden (2001) discusses might apply in some form
to the case presented here, none other than those involving family-
level productive and reproductive decisions are required to pro-
duce a right-tailed wealth distribution and the emergence of an
incipient upper stratum.

Further work on the case in eastern North America could in-
clude both augmentation of the computational model and further
consideration of archaeological data. In terms of the model, adding
a spatial dimension to the interactions that take place would allow
us to investigate the role that space plays in these processes. In real
hunter–gatherer systems, transfer of information about potential
brides, rather than being universal and instantaneous, occurs
through person–person interactions that are structured by spatial
proximity. Social interactions are also structured by social net-
works: characteristics of the social networks of individuals are
likely to vary considerably when the formation and maintenance
of these networks are connected to marriage (i.e., the social net-
works of individuals in the emergent ‘‘upper’’ wealth stratum are
likely to be larger and more widespread than those of individuals
in the lower stratum because the head of a large household would
acquire more kin connections each time he adds a wife and each
time he marries off a son or daughter). The model could also be
augmented by including representation of mechanisms for trans-
forming and transferring wealth, ‘‘leveling mechanisms’’ that pre-
vent, discourage, or dissipate accumulations of wealth, some
mechanism for allowing females to marry before reproductive
age, representation of divorce or other cultural mechanisms for
terminating marriage, and the representation of individual produc-
tive capabilities as a continuous, age-based variable (rather than a
nominal variable).

One potentially useful class of archaeological data not consid-
ered here is the size and location of storage features. Storage allows
a seasonally abundant resource to be fully exploited by extending
its availability (Redding, 1988; Testart, 1982). This strategy could
certainly be used in an effort to mitigate the ‘‘pinch’’ by evening
out seasonal fluctuations and/or buffering unpredictability
(Halstead and O’Shea, 1989). According to Wiessner (1982), priv-
atized storage (i.e., storage within households) is the hallmark of
privatized risk: societies that have communal storage facilities
have accepted risk at the level of the group, while societies that
practice individual household storage have accepted risk at the
level of the household. Diversification is likely to include plant
species that are low-ranked, abundant, reliable, high-yield annuals
– classic candidates for storage and (sometimes) domestication
(Flannery, 1973; O’Shea, 1989). If the emergence of social inequal-
ities is based in part on differences in family-level production, one
would expect that the storage of resources contributing to this
emergence would be privatized.

The identification of a set of processes that accounts for the pat-
terns of change that we see in the archaeological house size data
does not, of course, mean that other sets of processes could not
have produced a similar pattern. One could argue that large struc-
tures could also have been built to accommodate groups of fami-
lies, perhaps on a seasonally-specific basis. In other words,
perhaps a fission-fusion process operating at the family level pro-
duced assemblages of houses with a large amount of variation in
size. This possibility could be addressed both with modeling (i.e.,
creating a model representing this process to see if distributions
of family size matching those suggested by the archaeological data
could be produced) and by an examination of archaeological data
bearing on seasonality of occupation, numbers of hearths, etc.
The most common interpretation of the house data, however, is
that the classes of structures that have been identified (i.e., closed
post structures, closed basin/post structures, open cabanas or
windbreaks) correspond to seasonally-specific dwelling types. If
this is the case, we would not expect size variation within these
classes to be related to seasonal fission-fusion of families.

In conclusion, I have proposed a scenario for the emergence of
heredity social inequality in prehistoric eastern North America that
is consistent with several independent lines of evidence. I have
proposed that subsistence intensification entailed changes in fam-
ily-level productive and reproductive calculus, relaxing constraints
on family size and making large, polygynous families economically
viable. Under these conditions, positive feedbacks between pro-
duction and reproduction favored the development of high polyg-
yny systems with large families and a right-tailed distribution of
family size and wealth. This distribution would have provided
the variability in family-based status that permitted the emer-
gence and entrenchment of hereditary social distinctions. I have
supported my argument with a computational model that allows
system-level distributions of family size to emerge from numerous
person- and family-level interactions and behaviors, specifying an
initial condition and demonstrating that relatively simple changes
in the ‘‘rules’’ governing family-level behavior produce significant,
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patterned changes at the system level. Comparison of model out-
puts with archaeological data suggest that the right-tailed distribu-
tion of house size evident during the Late Archaic through Middle
Woodland periods could have resulted from a positive feedback
favoring large families through polygyny and increased fertility
associated with a widened resource base.

This explanation contains elements of both culture process and
culture history and is intended to apply to eastern North America.
While the general processes and mechanisms that affect family
size and composition in hunter–gatherer systems may be univer-
sal, the historical trajectories of change (or stasis) in those systems
vary significantly across time and space. This is the expected result
of variability in both the natural and cultural environments of
these systems as well as in the details of their individual histories:
the same processes may produce different outcomes with different
initial conditions and/or different parameters (cf. Flannery, 1972:
p. 409). Thus the particular scenario presented here may be
more-or-less applicable to other societies in other parts of the
world depending on context. In cases where family-level behaviors
are of central concern, the model (or some derived version of it)
could be used to represent the particulars of the system, explore
the linkages between levels of process, and develop archaeological
test expectations based on whatever specific circumstances or de-
tails are of interest. This approach utilizes the capabilities of agent-
based modeling as a ‘‘third way’’ of doing science, incorporating
elements of both induction and deduction, experiment and theory
(Axelrod, 1997). It also requires a level of specificity about
Table A1
Variables of the person class in the FamilyNet2 model.

Variable Type M F Description

id Integer X X Unique identifier for each person
currentHousehold Household X X Current Household to which person belongs
father Person X X Biological father of person
mother Person X X Biological mother of person
age Integers X X Age of person (in years)
sex Integer X X Sex of person (0 = male, 1 = female)
live Boolean X X Life/death status (true = alive, false = dead)
previouslyMarried Boolean X X Marriage status (true = person has been previously married)
ageAtMarriage Integer X X Stores age at which person was first married
ageAtDeath Integer X X Stores age at which person died
wifeList List (Person) X List of wives (including deceased) of an adult male
husbandList List (Person) X List of husbands (including deceased) of an adult female
childList List (Person) X X List of biological offspring
familyList List (Person) X X List of individuals related by descent
coResidentList List (Person) X X List of individuals residing in same household but not related by descent (e.g., step-parents, co-wives)
incestList List (Person) X X List of all persons with whom marriage is prohibited (includes all family and co-residents)

Table A2
Variables of the Household class in the FamilyNet2 model.

Variable Type Description

id Integer Unique identifier for each household
head Person Person that is the ‘‘head’’ of the household (adult male founder)
year Integer Year of the household’s existence (first year is ‘‘year 1’’)
size Integer Current number of members of household
cPRatio Double Current dependency ratio (ratio of consumers to producers)
currentSurplus Double Amount of surplus (or deficit) production for the most recent year
householdAssets Double Assets in the ‘‘bank’’ of the household
lifespan Integer Total length in years of a household’s existence
peakSize Integer Greatest size of the household during its existence
peakCPRatio Double Highest dependency ratio during the household’s existence
peakWives Integer Greatest number of simultaneous wives during the household’s existence
peakProducers Integer Greatest number of simultaneous producers during the household’s existence
peakDependents Integer Greatest number of simultaneous dependents during the household’s existence
lifespanSurplus Double Cumulative surplus (or deficit) during the household’s existence
surplusYears Integer Cumulative number of years of surplus production
deficitYears Integer Cumulative number of years of deficit production
memberList List (Person) List of all current members of household
variables and conditions that renders ‘‘black box’’ causal explana-
tions impossible.
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Table A3
Summary results from Experiments A1 and A2 (1000 runs each).

Variable Experiment A1 Experiment A2

T1 (AAP = 14) T2 (AAP = 8) T1 (AAP = 14) T2 (AAP = 14)

Mean family size 3.56 3.92 3.56 3.56
Maximum family size 14.20 18.36 14.11 14.21
Mean infant mortality (percent) 15.37 17.76 15.22 15.41
Mean fertility 3.73 6.28 3.70 3.75
Mean male age at marriage 22.01 17.87 22.10 21.00
Mean female age at marriage 21.85 17.53 22.01 21.81
Mean percentage polygynous marriage 3.75 5.41 3.64 3.74
Mean intensity of polygyny 2.07 2.47 2.05 2.07

Fig. A1. Sample age structure diagrams produced by model runs (Experiment D).

Fig. A2. Examples of population sizes maintained through mortality rate adjustments based on current population size (Experiments E1 and E2). Diagrams to left show mean
population levels (100 runs); diagrams to right are examples of population fluctuations during individual runs.
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Fig. A3. Examples of mean bridePrice in groups of 100 runs (Experiments E1, E2, E3, and E4). When bridePriceMultiplier = 0 (top), the current bride price does not affect the
economic calculations that males and females undertake when deciding whether or not to marry. When bridePriceMultiplier > 0 (bottom), males and females adjust their
economic calculations based on the relative scarcity of brides.

Fig. A4. Yearly change in means of family size (top left), the coefficient of variation of family size (top right), dependency ratio (bottom left), and the coefficient of variation of
dependency ratio (bottom right) from families during 100 steps, setting ageAtProduction to 14 (solid line) and 8 (dashed line) (Experiment F).
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Appendix A. Additional details of the design and validation of
the FamilyNet2 model

The purpose of this appendix is to: (1) provide additional detail
to the description of the FamilyNet2 model offered in the text; and
(2) describe experimental results that suggest the model is a valid
representation of the dynamics of hunter–gatherer productive/
reproductive systems.

The raw Java code for the model is provided online in a supple-
mentary file. In this appendix and in the code, the term ‘‘house-
hold’’ is synonymous with the term ‘‘family’’ as used in the
textual description of the model. The term ‘‘household’’ is some-
times used here because it was used to name classes and variables
in the actual model code.

A.1. Variables associated with persons and families

Persons are the fundamental, indivisible units in the model. Per-
sons are associated with the variables listed in Table A1.

Families/households are co-residential groupings of persons
that were formed around a reproductively-viable conjugal core.
Fig. A5. Year by year changes in size, dependency ratio, and composition of
Families/households are associated with the variables listed in
Table A2.
A.2. Validation of model behavior

A series of experiments was performed to assess the degree to
which the behaviors of the systems in the model match those of
the hunter–gatherer systems it is intended to represent. These
experiments focused on aspects of the model system that (1) are
the result of the dynamics within the model and (2) we can com-
pare to ethnographic data. The settings used for the experiments
discussed here can be found in Table 7.

Summary data from Experiments A1 and A2 (Table A3) demon-
strate that the model produces values for mean family size, infant
mortality, fertility, mean male and female age at marriage, and the
degree and intensity of polygyny that fall within ethnographic
ranges (compare the values in Table A3 with those in Table 1).

Data about individual families and persons at the beginning of
both T1 and T2 can be used to characterize the age structure of
the population and monitor changes in individual families through
time, allowing a comparison between these aspects of the model
system and those of real human systems. Fig. A1 shows example
age structure diagrams (i.e., population pyramids) produced from
data collected during two discrete steps at the beginning of T1
and T2 in Experiment D (100 runs). The shapes of these diagrams
are generally similar to ‘‘expansive’’ population pyramids charac-
teristic of populations with high rates of both fertility and mortal-
ity, consistent with what one would expect in pre-industrial
a single monogamous family from a model run (ageAtProduction = 14).



Fig. A6. Year by year changes in size, dependency ratio, and composition of a single polygynous family from a model run (ageAtProduction = 8).
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hunter–gatherer populations. Differences in shape between the
two diagrams are consistent with the higher fertility rates associ-
ated with a lower age at production in T2.

Fig. A2 shows mean population changes over time from groups
of 100 runs and examples from single runs (Experiments E1 and E2,
initial population = 500, carrying capacity = 500). Note that a ‘‘car-
rying capacity’’ of 500 results in populations that can fluctuate be-
tween about 200 and 600 when the value of ageAtProduction (AAP)
is set at 14. A spike in population is produced during the early steps
of a run as many families are established and begin reproducing
simultaneously. Higher mean population levels are produced when
the value of AAP is set at 8. The base mortality rates set in the mod-
el remain the same, but the reproductive calculations made within
families change along with AAP.

The value of bridePrice, adjusted each step based on an increase
or decrease in the ratio of eligible males to available females, was
constrained to between +10 and �10 for the runs discussed in this
paper. Fig. A3 shows mean changes in bridePrice through time from
groups of 100 runs. The graphs on the left plot mean bride price
when the age at production is lowered to 8 during T2, while the data
shown in the graphs on the right were produced while AAP was held
constant at 14. Lowering AAP tends to raise the value of bridePrice.

Fig. A4 shows mean yearly changes in family size and depen-
dency ratio compiled from family data collected over 100 steps
at the beginning of T1 (AAP = 14) and T2 (AAP = 8) in a model run
(Experiment F). These illustrate the expected increase in family
size during the expansion phase accompanied by a peak in the
dependency ratio, followed by a decline in family size and depen-
dency ratio through the dispersion phase. Yearly changes in the
mean coefficient of variation of family size indicate that families
vary most in size between years 30 and 50.
Figs. A5 and A6 illustrate two examples of changes in size and
composition from individual families produced during model runs.
The monogamous family in Fig. A5 was produced under conditions
where the age at production was 14. A total of five children were
born, 2 of which died before reaching before marrying and leaving
the family. The expansion and dispersion phases of this family are
discrete. The dependency ratio was over 1.75 during about
17 years of this family’s 45 year lifespan. The history of the polyg-
ynous family in Fig. A6 is more complicated. This family produced
over 20 children (over half of which died before marrying) by four
different wives over the course of 52 years. There is significant
overlap in the expansion and dispersion phases. These two figures
are intended to illustrate that the rules of the model produce fam-
ilies that, when examined individually in detail, are verifiably like
those produced by actual hunter–gatherer systems.

Appendix B. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.jaa.2012.12.003.

References

Abel, Timothy J., 1994. An Early Archaic habitation structure from the Weilnau Site,
North-Central Ohio. In: Dancey, William S. (Ed.), The First Discovery of America:
Archaeological Evidence of the Early Inhabitants of the Ohio Area. The Ohio
Archaeological Council, Columbus, Ohio, pp. 167–173.

Ahler, Steven R., 2000. Postmolds and possible domestic structures at Modoc Rock
Shelter, Illinois. In: Ahler, Steven R. (Ed.), Mounds, Modoc, and Mesoamerica:
Papers in Honor or Melvin L. Fowler. Scientific Papers 20. Illinois State Museum,
Springfield, pp. 57–74.

Amey, Foster K., 2002. Polygyny and child survival in West Africa. Social Biology 49
(1–2), 74–89.

http://dx.doi.org/10.1016/j.jaa.2012.12.003


A.A. White / Journal of Anthropological Archaeology 32 (2013) 122–163 159
Anderson, David G., Mainfort Jr., Robert C., 2002. An introduction to Woodland
archaeology in the Southeast. In: Anderson, David G., Mainfort Jr., Robert C.
(Eds.), The Woodland Southeast. The University of Albama Press, Tususcaloosa,
pp. 1–19.

Anderson, David G., Sassaman, Kenneth E., 2004. Early and Middle Holocene
periods, 9500 to 3750 B.C. In: Fogelson, Raymond D. (Ed.) Handbook of North
American Indians: Southeast, vol. 14. Smithsonian Institution, Washington, DC,
pp. 87–100.

Angle, John, 1986. The surplus theory of social stratification and the size
distribution of personal wealth. Social Forces 65 (2), 293–326.

Arnold, Jeanne E., 1996a. Understanding the evolution of intermediate societies. In:
Arnold, Jeanne E. (Ed.), Emergent Complexity. International Monographs in
Prehistory, Archaeological Series 9, Ann Arbor, pp. 1–12.

Arnold, Jeanne.E., 1996b. The archaeology of complex hunter–gatherers. Journal of
Archaeological Method and Theory 3 (2), 77–126.

Arthur, W. Brian, 1989. Competing technologies, increasing returns, and lock-in by
historical events. The Economic Journal 99 (394), 116–131.

Arthur, W. Brian, 1999. Complexity and the economy. Science (New Series) 284
(5411), 107–109.

Asch, David L., Asch, Nancy B., 1985. Prehistoric plant cultivation in west-central
Illinois. In: Ford, Richard I. (Ed.), Prehistoric Food Production in North America.
Anthropological Papers No. 75. Museum of Anthropology, University of
Michigan, Ann Arbor, pp. 149–203.

Axelrod, Robert M., 1997. The Complexity of Cooperation: Agent-Based Models of
Competition and Collaboration. Princeton University Press, Princeton.

Barber, Nigel, 2004. Sex ratio at birth, polygyny, and fertility: a cross-national study.
Social Biology 51 (1/2), 71–77.

Bender, Barbara, 1978. Gatherer-hunter to farmer: a social perspective. World
Archaeology 10 (2), 204–222.

Bender, Barbara, 1985. Emergent tribal formations in the American midcontinent.
American Antiquity 50 (1), 52–62.

Bender, Donald R., 1967. A refinement of the concept of household: families, co-
residence, and domestic functions. American Anthropologist 69, 493–504.

Bentley, R. Alexander, 2003. Scale-free network growth and social inequality. In:
Bentley, R. Alexander, Maschner, Herbert D.G. (Eds.), Complex Systems and
Archaeology. The University of Utah Press, Salt Lake City, pp. 27–45.

Bentz Jr., Charles, 1988. The Late Archaic occupation of the Bailey Site (40Gl26),
Giles County, Tennessee. Tennessee Anthropological Association Newsletter 13
(5), 1–19.

Betzig, L.B., 1986. Despotism and Differential Reproductive Success: A Darwinian
View of Human History. Aldine, Chicago.

Binford, Lewis R., 1977. General Introduction. In: Binford, Lewis R. (Ed.), For Theory
Building in Archaeology. Academic Press, New York, pp. 1–10.

Binford, Lewis R., 1981. Middle-range research and the role of actualistic studies. In:
Binford, L.R. (Ed.), Working at Archaeology. Academic Press, New York, pp. 411–
422.

Binford, Lewis R., 1990. Mobility, housing, and environment: a comparative study.
Journal of Anthropological Research 46 (2), 119–152.

Binford, Lewis R., 2001. Constructing Frames of Reference. An Analytical Method for
Archaeological Theory Building Using Hunter–Gatherer and Environmental
Data Sets. University of California Press, Berkeley.

Binford, Lewis R., Binford, Sally R., Whallon, Robert C., Hardin, Margaret Ann, 1966.
Archaeology at Hatchery West, Carlyle, Illinois. Southern Illinois University
Museum Archaeological Salvage Report No. 25, Carbondale, Illinois.

Bird, Douglas W., Bliege Bird, Rebecca, 2000. The ethnoarchaeology of juvenile
foragers: shellfishing strategies among Meriam children. Journal of
Anthropological Archaeology 19, 461–476.

Bird, Douglas W., Bliege Bird, Rebecca, 2005. Martu children’s hunting strategies in
the Western Desert, Australia. In: Hewlett, B.S., Lamb, M.E. (Eds.), Hunter
Gatherer Childhoods. Aldine, New York, pp. 129–146.

Blank, John Edward, 1977. Archaeological Investigations Salt Creek Reservoir, Ohio:
Season II, Drake Site (33 Vi-2) and Brown Village Site (33 Ro-107). Report of
Investigations submitted to the National Park Service.

Blurton Jones, Nicholas, 1993. The lives of hunter–gatherer children: effects of
parental behavior and parental reproductive strategy. In: Pereira, Michael E.,
Fairbanks, Lyn A. (Eds.), Juvenile Primates: Life History, Development, and
Behavior. Oxford University Press, New York, pp. 309–326.

Blurton Jones, Nicholas, Hawkes, Kristen, Draper, Patricia, 1994. Differences
between Hadza and !Kung children’s work: original affluence or pratical
reason? In: Burch, Ernest S., Jr., Ellanna, Linda J. (Eds.), Key Issues in Hunter–
Gatherer Research. Oxford, Berg, pp. 189–215.

Boccara, Nino, 2004. Modeling Complex Systems. Springer-Verlag, New York.
Bocquet-Appel, Jean-Pierre, Naji, Stephan, 2006. Testing the hypothesis of a

worldwide neolithic demographic transition. Current Anthropology 47 (2),
341–365.

Bowen, William Rowe, 1977. A reevaluation of Late Archaic subsistence and
settlement patterns in the western Tennessee valley. Tennessee Anthropologist
2, 101–120.

Bowen, William Rowe, 1989. An Examination of Subsistence, Settlement, and
Chronology during the Early Woodland Kellogg Phase in the Piedmont
Physiographic Province of the Southeastern United States. PhD Dissertation,
University of Tennessee, Knoxville.

Borgerhoff Mulder, Monique, 1994. On polygyny and sex ratio at birth: an
evaluation of Whiting’s study. Current Anthropology 35 (5), 625–627.

Brose, David S., 1979. A speculative model of the role of exchange in the prehistory
of the Eastern Woodlands. In: Brose, David S., Greber, N’omi M. (Eds.), Hopewell
Archaeology: The Chillicothe Conference. Kent State University Press, Kent,
Ohio, pp. 3–8.

Brose, David S., 1999. Trade and exchange in the Midwestern United States. In:
Baugh, Timothy G., Ericson, Jonathon E. (Eds.), Prehistoric Exchange Systems in
North America. Plenum Press, New York, pp. 215–247.

Brown, James A., 1985. Long-term trends to sedentism and the emergence of
complexity in the American Midwest. In: Price, T.D., Brown, James A. (Eds.),
Prehistoric Hunter–Gatherers: The Emergence of Cultural Complexity.
Academic Press, Orlando, pp. 201–231.

Brown, James A., Vierra, Robert K., 1983. What happened in the Middle Archaic?
introduction to an ecological approach to Koster Site archaeology. In: Phillips,
James L., Brown, James A. (Eds.), Archaic Hunters and Gatherers in the American
Midwest. Academic Press, New York, pp. 165–195.

Burch Jr., Ernest S., 2006. Social Life in Northwest Alaska. University of Alaska Press,
Fairbanks.

Campbell, Kenneth L., Wood, James W. (Eds.), 1994 Human Reproductive Ecology:
Interactions of Environment, Fertility, and Behavior, vol. 709. Annals of the New
York Academy of Sciences, New York.

Campbell, Benjamin C., Udry, J. Richard, 1994. Implications of hormonal influences
on sexual behavior for demographic models of reproduction. In: Campbell,
Kenneth L., Wood, James W. (Eds.), Human Reproductive Ecology: Interactions
of Environment, Fertility, and Behavior, vol. 709. Annals of the New York
Academy of Sciences, New York, pp. 117–127.

Carlson, David L., 1979. Hunter–Gatherer Mobility Strategies: An Example from the
Koster Site in the Lower Illinois Valley. Unpublished Ph.D. Dissertation,
Department of Anthropology, Northwestern University, Evanston, Illinois.

Carr, Christopher, 2005. The Question of Ranking in Havana Hopewellian Societies:
A Retrospective in Light of Multi-Cemetery Ceremonial Organization. In: Carr,
Christopher, Troy, D. (Eds.), Chase Gathering Hopewell: Society, Ritual, and
Ritual Interaction. Kluwer Academic/Plenum Publishers, New York, pp. 238–
257.

Cashdan, Elizabeth A., 1985. Natural fertility, birth spacing, and the ‘‘first
demographic transition’’. American Anthropologist 87 (3), 650–653.

Carskadden, Jeff, Gregg, Tim, 1974. Excavation of an Adena Open Site, Duncan Falls,
Ohio. Ohio Archaeologist 24, 4–7.

Chayanov, A.V., 1966. A.V. Chayanov on the Theory of Peasant Economy. University
of Wisconsin Press, Madison.

Claassen, Cheryl P., 1986. Shellfishing seasons in the prehistoric Southeastern
United States. American Antiquity 51 (1), 21–37.

Claassen, Cheryl P., 1991. Gender, shellfishing, and the shell mound Archaic. In:
Gero, Joan M., Conkey, Margaret W. (Eds.), Engendering Archaeology: Women
and Prehistory. Blackwell, Oxford, pp. 276–300.

Clarke, David., 1968. Analytical Archaeology. Methven, London.
Clay, Berle, 1986. Adena Ritual Spaces. In: Farnsworth, Kenneth B., Emerson,

Thomas E. (Eds.), Early Woodland Archaeology. Kampsville Seminars in
Archeology, vol. 2. Center for American Archeology Press, Kampsville, Illinois,
pp. 581–595.

Clay, Berle, 1987. Circles and ovals: two types of Adena space. Southeastern
Archaeology 6 (1), 46–55.

Cook, S.F., 1972. Prehistoric Demography. McCaleb Module in Anthropology,
Module No. 16. Addison Wesley, Reading, Massachusetts.

Cook, S.F., Heizer, R.F., 1968. Relationships among houses, settlement areas, and
population in aboriginal California. In: Chang, K.C. (Ed.), Settlement
Archaeology. National Press Books, Palo Alto, California, pp. 79–116.

Cook, Thomas Genn, 1976. Koster: An Artifact Analysis of Two Archaic Phases in
Westcentral Illinois. Prehistoric Records, No. 1. Koster Research Reports, No. 3.
Northwestern University Archaeological Program, Evanston, Illinois.

Cooper, Eugene, 1984. Mode of production and anthropology of work. Journal of
Anthropological Research 40 (2), 257–270.

Cowan, C. Wesley, Edwin Jackson, H., Moore, Katherine, Nickelhoff, Andrew, Smart,
Tristine L., 1981. The Cloudsplitter Rockshelter, Menifee County, Kentucky: a
preliminary report. Southeastern Archaeological Conference Bulletin 24, 60–76.

Cumming, David C., Wheeler, Garry D., Harber, Vicki J., 1994. Physical activity,
nutrition, and reproduction. In: Campbell, Kenneth L., Wood, James W. (Eds.),
Human Reproductive Ecology: Interactions of Environment, Fertility, and
Behavior, vol. 709. Annals of the New York Academy of Sciences, New York,
pp. 55–76.

Custer, Jay F., Watson, Scott C., Bailey, Daniel N., 1996. A summary of phase III data
recovery excavation at the West Water Street Site (36Cn175), Lock Haven,
Clinton County, Pennsylvania. Pennsylvania Archaeologist 665 (1), 1–53.

Custer, Jay F., Watson, Scott C., De Santis, Colleen, 1987. An Early Woodland
household cluster at the Clyde Farm site (7NC-E-6), Delaware. Journal of Field
Archaeology 14 (2), 229–234.

Deller, D. Brian, Ellis, Christopher J., 1992a. The Early Paleo-Indian Parkhill phase in
Southwestern Ontario. Man in the Northeast 44, 15–54.

Deller, D. Brian, Ellis, Christopher J., 1992b. Thedford II: A Paleo-Indian Site in the
Ausable River Watershed of Southwestern Ontario. Memoirs of the Museum of
Anthropology No. 24. University of Michigan, Ann Arbor.

Dickeman, Mildred, 1975. Consequences of infanticide in man. Annual Review of
Ecology and Systematics 6, 107–137.

Donham, Donald L., 1999. History, Power, Ideology: Central Issues in Marxism and
Anthropology. University of California Press, Berkeley.

Ellison, P.T., 1994. Advances in human reproductive ecology. Annual Review of
Anthropology 23, 255–275.

Emerson, Thomas E., McElrath, Dale L., 2009. The Eastern Woodlands archaic and
the tyranny of theory. In: Emerson, Thomas E., McElrath, Dale L., Fortier,



160 A.A. White / Journal of Anthropological Archaeology 32 (2013) 122–163
Andrew C. (Eds.), Archaic Societies: Diversity and Complexity across the
Midcontinent. State University of New York Press, Albany, pp. 23–38.

Emerson, Thomas E., McElrath, Dale L., Williams, Joyce A., 1986. Patterns of hunter–
gatherer mobility and sedentism during the Archaic period in the American
bottom. In: Neusius, Sarah W. (Ed.), Foraging, Collecting, Harvesting: Archaic
Period Subsistence and Settlement in the Eastern Woodlands. Occasional Paper
No. 6, Center for Archaeological Investigations, Southern Illinois University at
Carbondale, pp. 247–273.

Fitting, James E., DeVisscher, Jerry, Wahla, Edward J., 1966. The Paleo Indian
Occupation of the Holcombe Beach. University of Michigan Museum of
Anthropology, Anthropological Papers 27, Ann Arbor.

Flannery, Kent V., 1968. Archaeological systems theory and Early Mesoamerica. In:
Meggars, Betty J. (Ed.), Anthropological Archaeology in the Americas.
Anthropological Society of Washington, Washington, DC, pp. 67–87.

Flannery, Kent V., 1969. Origins and ecological effects of early domestication in Iran
and the Near East. In: Ucko, P.J., Dimbleby, G.W. (Eds.), The Domestication and
Exploitation of Plants and Animals. Aldine, Chicago, pp. 73–100.

Flannery, Kent V., 1972. The cultural evolution of civilizations. Annual Review of
Ecology and Systematics 3, 399–426.

Flannery, Kent V., 1973. The origins of agriculture. Annual Review of Anthropology
2, 271–310.

Flannery, Kent V., 2002. The origins of the village revisited: from nuclear to
extended households. American Antiquity 67 (3), 417–433.

Ford, Richard I., 1977. Evolutionary ecology and the evolution of human
ecosystems: a case study from the Midwestern USA. In: Hill, James N. (Ed.),
Explanation of Prehistoric Change. University of New Mexico Press,
Albuquerque, pp. 153–184.

Fortes, Meyer, 1958. Introduction. In: Goody, Jack (Ed.), The Developmental Cycle in
Domestic Groups. Cambridge Papers in Social Anthropology. Cambridge
University Press, London, pp. 1–14.

Fortier, Andrew C., 1985. Selected Sites in the Hill Lake Locality. American Bottom
Archaeology FAI-270 Site Reports, vol. 13. University of Illinois Press, Urbana.

Fortier, Andrew C., 1993. American bottom house types of the Archaic and
Woodland periods: an overview. In: Emerson, Thomas E., Fortier, Andrew C.,
McElrath, Dale L. (Eds.), Highways to the Past: Essays on Illinois Archaeology in
Honor or Charles J. Bareis. Illinois Archaeology 5, pp. 260–275.

Fried, M.H., 1967. The Evolution of Political Society. Random House, New York.
Frison, George C., 1982. Folsom components. In: Frison, George C., Stanford, Dennis

J. (Eds.), The Agate Basin Site: A Record of the Paleoindian Occupation of the
Northwestern High Plains. Academic Press, New York, pp. 37–76.

Fritz, Gayle J., 1993. Early and Middle Woodland period paleoethnobotany. In:
Margaret Scarry, C. (Ed.), Foraging and Farming in the Eastern Woodlands.
University Press of Florida, Gainesville, pp. 39–56.

Gardner, William.M., 1983. Stop me if you’ve heard this one before: the flint run
Paleoindian complex revisited. Archaeology of Eastern North America 11, 49–
64.

Gibson, Jon L., Shenkel, J. Richard, 1988. Louisiana earthworks: Middle Woodland
and predecessors. In: Mainfort Jr., Robert C. (Ed.), Middle Woodland Settlement
and Ceremonialism in the Mid-South and Lower Mississippi Valley.
Archaeological Report No. 22, Mississippi Department of Archives and
History, Jackson, Mississippi, pp. 7–18.

Gilbert, Nigel, 2008. Agent-Based Models. Quantitative Applications in the Social
Sciences 153. SagePublications, Thousand Oaks, California.

Gilbert, Nigel, Bankes, Steven, 2002. Platforms and methods for agent-based
modeling. Proceedings of the National Academy of Sciences of the USA 99
(supplement 3), 7197–7198.

Goad, S., 1980. Patterns of Late Archaic exchange. Tennessee Anthropologist 5, 1–16.
Goebel, T., Slobodin, S.B., 1999. The colonization of Western Beringia: technology,

ecology, and adaptations. In: Bonnichsen, R., Turnmire, K.L. (Eds.), Ice Age
Peoples of North America: Environments, Origins, and Adaptations. Center for
the Study of the First Americans and Texas A&M University Press, College
Station, Texas, pp. 104–155.

Goody, Jack, 1958. The fission of domestic groups among the LoDagaba. In: Goody,
Jack (Ed.), The Developmental Cycle in Domestic Groups. Cambridge Papers in
Social Anthropology. Cambridge University Press, London, pp. 53–91.

Goody, Jack, 1976. Production and Reproduction: A Comparative Study of the
Domestic Domain. Cambridge University Press, Cambridge.

Gramly, Richard Michael, 1988. The Adkins Site: A Palaeo-Indian Habitation and
Associated Stone Structure. Persimmon Press, Buffalo, New York.

Granger, Joseph E., 1978. Meadowood Phase Settlement Pattern in the Niagara
Frontier Region of Western New York State. Anthopological Papers No. 65,
Museum of Anthropology, University of Michigan, Ann Arbor.

Gremillion, Kristen J., 1993. Crop and weed in prehistoric Eastern North America:
the Chenopodium example. American Antiquity 58 (3), 496–509.

Gremillion, Kristen J., 1996. Early agricultural diet in Eastern North America:
evidence from two Kentucky Rockshelters. American Antiquity 61 (3), 520–536.

Gremillion, Kristen J., 2004. Seed processing and the origins of food production in
Eastern North America. American Antiquity 69 (2), 215–233.

Gremillion, Kristen J., Sobolik, Kristin D., 1996. Dietary variability among prehistoric
forager–farmers of Eastern North America. Current Anthropology 37, 529–539.

Halstead, Paul L.J, O’Shea, John M., 1989. Introduction: cultural responses to risk and
uncertainty. In: Halstead, Paul L.J., O’Shea, John M. (Eds.), Bad Year Economics:
Cultural Responses to Risk and Uncertainty. Cambridge University Press,
Cambridge, England, pp. 1–7.

Hammel, E.A., 2005. Chayanov revisited: a model for the economics of complex kin
units. Proceedings of the National Academy of Sciences 102 (19), 7043–7046.
Handwerker, W. Penn, 1983. The first demographic transition: an analysis of
subsistence choices and reproductive consequences. American Anthropologist
85 (1), 5–27.

Hart, C.W.M., Pilling, Arnold R., 1979. The Tiwi of North Australia. Holt, Rinehart and
Winston, New York.

Hartung, J., 1982. Polygyny and the inheritance of wealth. Current Anthropology 23,
1–12.

Hawkes, K., O’Connell, J.F., Blurton Jones, N.G., 1995. Hadza children’s foraging:
juvenile dependency, social arrangements, and mobility among hunter–
gatherers. Current Anthropology 36 (4), 688–700.

Hayden, Brian, 1972. Population control among hunter/gatherers. World
Archaeology 4, 205–221.

Hayden, Brian, 1994. Competition, labor, and complex hunter–gatherers. In: Burch,
Ernest S., Ellanna, Linda J. (Eds.), Key Issues in Hunter–Gatherer Research. Berg
Publishers, Oxford, England, pp. 223–239.

Hayden, Brian, 2001. Richman, poorman, beggarman, chief: the dynamics of social
inequality. In: Feinman, Gary M., Price, T. Douglas (Eds.), Archaeology at the
Millennium: A Sourcebook. Springer, New York, pp. 231–272.

Helm, June, 1965. Bilaterality in the socio-territorial organization of the Arctic
Drainage Dene. Ethnology 4 (4), 361–385.

Henderson, A. Gwynn, 1992. Capitol view: An Early Madisonville horizon
community in Franklin County, Kentucky. In: Pollack, David, Henderson, A.
Gwynn (Eds.), Current Archaeological Research in Kentucky, vol. 2. Kentucky
Heritage Council, Lexington, pp. 223–250.

Hern, Warren M., 1992. Polygyny and fertility among the Shipibo of the Peruvian
Amazon. Population Studies 46 (1), 53–64.

Hewlett, Barry S., 1991. Demography and childcare in preindustrial societies.
Journal of Anthropological Research 47, 1–37.

Hewlett, Barry S., Lamb, M.E. (Eds.), 2005. Hunter–Gatherer Childhoods. Aldine,
New York.

Hiatt, L.R., 1965. Kinship and Conflict: A Study of an Aboriginal Community in
Northern Arnhem Land. The Australian National University, Canberra.

Higgins, Michael J., 1990. The Nochta Site: The Early, Middle, and Late Archaic
Occupations. American Bottom Archaeology, FAI-270 Site Reports, vol. 21.
University of Illinois Press, Urbana.

Hill, Kim, Hurtado, A.M., Walker, R.S., 2007. High adult mortality among Hiwi
hunter–gatherers: implications for human evolution. Journal of Human
Evolution 52, 443–454.

Hill, Mark A., 2006. The Duck Lake Site and implications for Late Archaic Copper
procurement and production in the Southern Lake Superior Basin.
Midcontinental Journal of Archaeology 31 (2), 213–248.

Howell, Nancy, 1979. Demography of the Dobe !Kung. Academic Pres, New York.
Irwin-Williams, Cynthia, Irwin, Henry, Agogino, George, Vance Haynes, C., 1973.

Hell gap: Paleo-Indian occupation on the high plains. Plains Anthropologist 18
(59), 40–53.

Jarvenpa, Robert, Brumbach, Hetty Jo, 1988. Socio-spatial organization and
decision-making processes: observations from the Chipewyan. American
Anthropologist (New Series) 90 (3), 598–618.

Jefferies, Richard W., 1982. The Black Earth site. In: Jefferies, Richard W., Butler,
Brian M. (Eds.), The Carrier Mills Archaeological Project: Human Adaptation in
the Saline Valley, Illinois. Research Paper No. 33, Center for Archaeological
Investigations, Southern Illinois University, Carbondale, Illinois, pp. 75–
451.

Jefferies, Richard W., 1995. Late Middle Archaic exchange and interaction in the
North American midcontinent. In: Nassaney, M.S., Sassaman, K. (Eds.), Native
American Interactions: Multiscalar Analyses and Interpretations in the Eastern
Woodlands. University of Tennessee Press, Knoxville, pp. 73–99.

Jefferies, Richard W., 1996. The emergence of long-distance exchange networks in
the Southeastern United States. In: Sassaman, Kenneth E., Anderson, David G.
(Eds.), Archaeology of the Mid-Holocene Southeast. University Press of Florida,
Gainesville, pp. 222–258.

Jefferies, Richard W., 1997. Middle Archaic bone pins: evidence of mid-Holocene
regional-scale social groups in the Southern Midwest. American Antiquity 62
(3), 464–487.

Johnson, Gregory A., 1982. Organizational structure and scalar stress. In: Renfrew,
Colin, Rowlands, Michael J., Segraves, Barbara A. (Eds.), Theory and Explanation
in Archaeology: The Southhampton Conference. Academic Press, New York, pp.
389–421.

Johnson, Jay K., 1994. Prehistoric exchange in the Southeast. In: Baugh, Timothy G.,
Ericson, Jonathon E. (Eds.), Prehistoric Exchange Systems in North America.
Plenum Press, New York, pp. 99–125.

Josephson, Steven C., 2002. Does polygyny reduce fertility? American Journal of
Human Biology 14, 222–232.

Justice, Noel D., 1987. Stone Age Spear and Arrow Points of the Midcontinental and
Eastern United States: A Modern Survey and Reference. Indiana University
Press, Bloomington.

Keen, Ian, 2004. Aboriginal Economy and Society: Australia at the Threshold of
Colonisation. Oxford University Press, Oxford.

Keen, Ian, 2006. Constraints on the development of enduring inequalities in Late
Holocene Australia. Current Anthropology 47 (1), 7–38.

Keener, Craig S., Nye, Kevin, 2007. Early Woodland Upland encampments of Central
Ohio. Midcontinental Journal of Archaeology 32 (2), 263–295.

Kelly, Robert L., 1992. Mobility/sedentism: concepts, archaeological measures, and
effects. Annual Review of Anthropology 21, 43–66.

Kelly, Robert L., 1995. The Foraging Spectrum: Diversity in Hunter–Gatherer
Lifeways. Smithsonian Institution Press, Washington, DC.



A.A. White / Journal of Anthropological Archaeology 32 (2013) 122–163 161
Kidder, Tristram R., Sassaman, Kenneth E., 2009. The view from the Southeast. In:
Emerson, Thomas E., McElrath, Dale L., Fortier, Andrew C. (Eds.), Archaic
Societies: Diversity and Complexity Across the Midcontinent. State University
of New York Press, Albany, pp. 667–694.

Knudson, Ruthann, 2009. The early expeditions: University of Wyoming, Harvard
University, and the Peabody Museum. In: Larson, Mary Lou, Kornfeld, Marcel,
Frison, George C. (Eds.), Hell Gap: A Stratitifed Paleoindian Campsite at the Edge
of the Rockies. The University of Utah Press, Salt Lake City, pp. 14–35.

Kohler, Timothy A., van der Leeuw, Sander E. (Eds.), 2007. The Model-Based
Archaeology of Socionatural Systems. School for Advanced Research Press,
Santa Fe.

Kolig, Erich, 1989. The powers that be and those who aspire to them: power,
knowledge and reputation in Australian aboriginal society. In: Altman, J.C. (Ed.),
Emergent Inequalities in Aboriginal Australia. University of Sydney, Sydney, pp.
43–65.

Konner, Melvin, Worthman, Carol, 1980. Nursing frequency, gonadal function, and
birth spacing among !Kung Hunter–Gatherers. Science (New Series) 207, 788–
791.

Korotayev, Andrey, 2003. Form of marriage, sexual division of labor, and
postmarital residence in cross-cultural perspective: a reconsideration. Journal
of Anthropological Research 59 (1), 69–89.

Layton, Robert, 1986. Political and territorial structures among hunter–gatherers.
Man (New Series) 21 (1), 18–33.

Layton, Robert, Foley, Robert, Williams, Elizabeth, 1991. The transition between
hunting and gathering and the specialized husbandry of resources: a socio-
ecological approach. Current Anthropology 32 (3), 255–274.

LeBlanc, Steven, 1971. An addition to Naroll’s suggested floor area and settlement
population relationship. American Antiquity 36, 210–212.

Ledbetter, R. Jerald, Neumann, Thomas, Spink, Mark, Shea, Andrea, 2004.
Archaeological investigations of the Vulcan Site, Bartow County, Georgia.
Early Georgia 29(2), 97–179 (Athens, Georgia).

Ledbetter, R. Jerald, O’Steen, Lisa D., 1992. The Grayson Site: Late Archaic and Late
Woodland occupations in the Little Sandy drainage. In: Pollack, David, Gwynn
Henderson, A. (Eds.), Current Archaeological Research in Kentucky, vol. 2.
Kentucky Heritage Council, Lexington, pp. 13–42.

Lennox, Paul A., 1986. The Innes Site: a plow-disturbed Archaic component, Brant
County, Ontario. Midcontinental Journal of Archaeology 11 (2), 221–268.

Lewis, Thomas M.N., Lewis, Madeline Kneberg, 1961. Eva: An Archaic Site. The
University of Tennessee Press, Knoxville.

Long, Jeremy, 1970. Polygyny, acculturation and contact: aspects of aboriginal
marriage in Central Australia. In: Berndt, Ronald M. (Ed.), Australian Aboriginal
Anthropology: Modern Studies in the Social Anthropology of the Australian
Aborigines. University of Western Australia Press, Nedlands, pp. 292–304.

Low, Bobbi S., 1988. Measures of polygyny in humans. Current Anthropology 29 (1),
189–194.

Lunn, Peter G., 1994. Lactation and other metabolic loads affecting human
reproduction. In: Campbell, Kenneth L., Wood, James W. (Eds.), Human
Reproductive Ecology: Interactions of Environment, Fertility, and Behavior,
vol. 709. Annals of the New York Academy of Sciences, New York, pp. 77–85.

Lyman, R. Lee, 2007. What is the ‘process’ in cultural processes and in processual
archaeology? Anthropological Theory 7 (2), 217–250.

MacDonald, Douglas H., 2008. The age, function, and distribution of keyhole
structures in the Upper Susquehanna River Valley. Journal of Middle Atlantic
Archaeology 24, 99–112.

Marlowe, Frank W., 2003. The mating system of foragers in the standard cross-
cultural sample. Cross-Cultural Research 37 (3), 282–306.

Marquardt, William H., 1974. A statistical analysis of constituents in human
paleofecal specimens from Mammoth Cave. In: Watson, Patty Jo, Archaeology of
the Mammoth Cave Area. Academic Press, New York, pp. 193–209.

Marquardt, William H., Watson, Patty Jo., 1985. The shell mound Archaic of Western
Kentucky. In: Phillips, James L., Brown, James A. (Eds.), Archaic Hunters and
Gatherers in the American Midwest. Academic Press, New York, pp. 165–195.

McCollough, Major C.R., 1973. Supplemental chronology for the Higgs Site
(40+L045), with an assessment of terminal Archaic living and structure floors.
Tennessee Archaeologist 29 (2), 63–68.

McElrath, Dale L., Fortier, Andrew C., Koldehoff, Brad, Emerson, Thomas E., 2009.
The American bottom: an archaic cultural crossroads. In: Emerson, Thomas E.,
McElrath, Dale L., Fortier, Andrew C. (Eds.), Archaic Societies: Diversity and
Complexity across the Midcontinent. State University of New York Press,
Albany, pp. 317–375.

McElrath, Dale L., Fortier, Andrew C., 1983. The Missouri-Pacific #2 Site (11-S-46).
American Bottom Archaeology, FAI-270 Site Reports, vol. 3. University of Illinois
Press, Urbana.

McGregor, John C., 1958. The Pool and Irving Villages. University of Illinois Press,
Urbana.

Meltzer, David J., Smith, Bruce D., 1986. Paleoindian and Early Archaic subsistence
strategies in Eastern North America. In: Neusius, Sarah W., Foraging, Collecting,
Harvesting: Archaic Period Subsistence and Settlement in the Eastern
Woodlands. Occasional Paper No. 6, Center for Archaeological Investigations,
Southern Illinois University at Carbondale, pp. 3–21.

Meggitt, M.J., 1962. Desert People: A Study of the Walbiri Aborigines of Central
Australia. Angus and Robertson, Sydney.

Milanich, Jerald T., Fairbanks, Charles H., 1980. Florida Archaeology. Academic Press,
New York.

Miller, John H., Page, Scott E., 2007. Complex Adaptive Systems: An Introduction to
Computational Models of Social Life. Princeton University Press, Princeton.
Milner, George R., Buikstra, Jane E., Wiant, Michael D., 2009. Archaic period Burial
Sites in the American midcontinent. In: Emerson, Thomas E., McElrath, Dale L.,
Fortier, Andrew C. (Eds.), Archaic Societies: Diversity and Complexity across the
Midcontinent. State University of New York Press, Albany, pp. 115–135.

Morgan, Lewis Henry, 1963. Ancient Society. First Published 1877. World Publishing
Company, Cleveland.

Morey, Darcy F., Crothers, George M., Stein, Julie K., Fenton, James P., Herrmann,
Nicholas P., 2002. The fluvial and geomorphic context of Indian Knoll, an
Archaic shell midden in West-Central Kentucky. Geoarchaeology 17 (6), 521–
553.

Morrow, Toby M., 1996. Lithic refitting and archaeological site formation processes:
a case study from the Twin Ditch Site, Greene County, Illinois. In: Odell, George
H. (Ed.), Stone Tools: Theoretical Insights into Human Prehistory. Plenum Press,
New York, pp. 345–373.

Morse, Dan F., 1967. The Robinson Site and Shell Mound Archaic Culture in the
Middle South. Unpublished Ph.D. Dissertation, University of Michigan, Ann
Arbor.

Muller, Jon, 1986. Archaeology of the Lower Ohio River Valley. Academic Press, Inc.,
Orlando.

Munson, Patrick J., 1986. What Happened in the Archaic in the Midwestern United
States? Reviews in Anthropology Fall 1986.

Murdock, George Peter, 1967. Ethnographic Atlas. University of Pittsburgh Press,
Pittsburgh.

Naroll, R., 1962. Floor area and settlement population. American Antiquity 27, 587–
589.

Netting, Robert McC., 1982. Some home truths on household size and wealth. The
American Behavioral Scientist 25 (6), 641–662.

North, Michael J., Collier, Nicholson T., Vos, Jerry R., 2006. Experiences creating
three implementations of the repast agent modeling toolkit. ACM Transactions
on Modeling and Computer Simulation 16 (1), 1–25.

O’Connell, J.F., 1987. Alyawara site structure and its archaeological implications.
American Antiquity 52, 74–108.

O’Shea, John, 1989. The role of wild resources in small-scale agricultural systems:
tales from the lakes and the plains. In: O’Shea, John (Ed.), Bad Year Economics.
Cambridge University Press, Cambridge, England, pp. 57–67.

O’Shea, John M., Barker, Alex W., 1996. Measuring social complexity and variation: a
categorical imperative? In: Arnold, Jeanne E. (Ed.), Emergent Complexity.
International Monographs in Prehistory, Archaeological Series 9, Ann Arbor, pp.
13–24.

Pacheco, Paul J., Burks, Jarrod, Wymer, DeeAnne, 2006. Investigating Ohio Hopewell
Settlement Patterns in Central Ohio: A Preliminary Report of Archaeology at
Brown’s Bottom #1 (33Ro21). Electronic Document. <http://
www.ohioarchaeology.org>.

Pauketat, Timothy R., 1997. Cahokian political economy. In: Pauketat, Timothy R.,
Emerson, Thomas E. (Eds.), Cahokia: Domination and Ideology in the
Mississippian World. University of Nebraska Press, Lincoln, pp. 30–51.

Pennington, Renee, 2001. Hunter–gatherer demography. In: Panter-Brick,
Catherine, Layton, Robert H., Rowley-Conwy, Peter (Eds., check spelling),
Hunter–Gatherers: An Interdisciplinary Perspective. Cambridge University
Press, Cambridge, England, pp. 170–204.

Perino, Gregory, 1970. The Stilwell II Site, Pike County, Illinois. Central States
Archaeological Journal 17 (3), 119–121.

Pfeiffer, John, 1984. The late and terminal archaic periods in Connecticut. Bulletin of
the Archaeological Society of Connecticut 47, 73–88.

Phillips, James L., Gladfelter, Bruce G., 1983. The Labras Lake Site and the
paleogeographic setting of the Late Archaic in the American bottom. In:
Phillips, James L., Brown, James A. (Eds.), Archaic Hunters and Gatherers in the
American Midwest. Academic Press, New York, pp. 197–218.

Pleger, Thomas C., 2000. Old Copper and Red Ocher social complexity.
Midcontinental Journal of Archaeology 25 (2), 169–190.

Potter, Ben A., Irish, Joel D., Reuther, Joshua D., Gelvin-Reymiller, Carol, Holliday,
Vance To., 2011. A terminal Pleistocene child cremation and residential
structure from Eastern Beringia. Science 331, 1058–1062.

Price, T. Douglas, Brown, James A. (Eds.), 1985. Prehistoric Hunter–Gatherers: The
Emergence of Cultural Complexity. Academic Press, Inc., New York.

Railey, Jimmie A., 1991. Woodland settlement trends and symbolic architecture in
the Kentucky Bluegass. In: Stout, Charles, Hensley, Christine K. (Eds.), The
Human Landscape in Kentucky’s Past: Site Structure and Settlement Patterns.
Kentucky Heritage Council, Lexington, pp. 56–77.

Ray, P.H., 1885. Report of the International Polar Expedition to Point Barrow, Alaska.
Government Printing Office, Washington, DC.

Redding, Richard W., 1988. A general explanation of subsistence change: from
hunting and gathering to food production. Journal of Anthropological
Archaeology 7, 56–97.

Ritchie, William A., 1940. Two Prehistoric Village Sites at Brewerton, New York.
Researches and Transactions of the New York State Archaeological Association,
Lewis H. Morgan Chapter, Rochester, New York.

Robbins, Maurice, 1959. Wapanucket No. 6: An Archaic Village in Middleboro,
Massachusetts. Cohannet Chapter, Massachusetts Archaeological Society.

Robertson, James A., Kellogg, Douglas C., Kingsley, Robert G., 2008. Three Early
Woodland occupation loci in the Chartiers Creek Drainage, Allegheny County,
Pennsylvania. In: Otto, Martha P., Redmond, Brian G. (Eds.), Transitions: Archaic
and Early Woodland Research in the Ohio Country. Ohio University Press,
Athens, Ohio, pp. 117–142.

Rose, Frederick G.G., 1960. Classification of Kin, Age Structure and Marriage
Amongst the Groote Eylandt Aborigines. Pergamon Press, Oxford.

http://www.ohioarchaeology.org
http://www.ohioarchaeology.org


162 A.A. White / Journal of Anthropological Archaeology 32 (2013) 122–163
Rose, Frederick G.G., 1968. Australian marriage, land-owning groups, and
initiations. In: Lee, Richard B., DeVore, Irven (Eds.), Man the Hunter. Aldine
Publishing Company, Chicago, pp. 200–208.

Russo, Michael, 1996. Southeastern Archaic mounds. In: Sassaman, Kenneth E.,
Anderson, David G. (Eds.), Archaeology of the Mid-Holocene Southeast.
University Press of Florida, Gainesville, pp. 259–287.

Sahlins, Marshall D., 1972. Stone Age Economics. Aldine, Chicago.
Sassaman, Kenneth E., Blessing, Meggan E., Randall, Asa R., 2006. Stallings Island

revisited: new evidence for occupational history, community pattern, and
subsistence technology. American Antiquity 71 (3), 539–565.

Sassaman, Kenneth E., Ledbetter, R. Jerald, 1996. Middle and Late Archaic
architecture. In: Sassaman, Kenneth E., Anderson, David G. (Eds.), Archaeology
of the Mid-Holocene Southeast. University Press of Florida, Gainesville, pp. 75–
95.

Saunders, Joe W., Mandel, Rolfe D., Garth Sampson, C., Allen, Charles M., Thurman
Allen, E., Bush, Daniel A., Feathers, James K., Gremillion, Kristen J., Hallmark,
C.T., Edwin Jackson, H., Johnson, Jay K., Jones, Reca, Saucier, Roger T., Stringer,
Gary L., Vidrine, Malcom F., 2005. Watson Brake, a Middle Archaic mound
complex in Northeast Louisiana. American Antiquity 70 (4), 631–668.

Schoenwetter, James, 1998. Rethinking the paleoethnobotony of Early Woodland
caving. Midcontinental Journal of Archaeology 23 (1), 23–44.

Schweikart, John F., 2008. Upland settlement in the Adena Heartland: preliminary
evidence and interpretations from two Early Woodland nonmortuary
habitations in Perry County, Ohio. In: Otto, Martha P., Redmond, Brian G.
(Eds.), Transitions: Archaic and Early Woodland Research in the Ohio Country.
Ohio University Press, Athens, Ohio, pp. 183–213.

Seeman, Mark F., 1986. Adena ‘‘houses’’ and their implications for Early Woodland
settlement models in the Ohio Valley. In: Farnsworth, Kenneth B., Emerson,
Thomas E. (Eds.), Early Woodland Archaeology. Kampsville Seminars in
Archeology, vol. 2. Center for American Archeology Press, Kampsville, Illinois,
pp. 564–580.

Service, Elman R., 1962. Primitive Social Organization. Random House, New York.
Shane III, Orrin C., 1967. The Leimbach Site: an Early Woodland village in Lorain

County, Ohio. In: Prufer, Olaf H., McKenzie, Douglas H. (Eds.), Studies in Ohio
Archaeology. The Press of Western Reserve University, Cleveland, pp. 98–120.

Shenkel, J. Richard, Holley, George, 1975. A Tchefuncte house. Southeastern
Archaeological Conference Bulletin 18, 226–242.

Simon, Mary L., 2009. A regional and chronological synthesis of Archaic period plant
use in the midcontinent. In: Emerson, Thomas E., McElrath, Dale L., Fortier,
Andrew C. (Eds.), Archaic Societies: Diversity and Complexity across the
Midcontinent. State University of New York Press, Albany, pp. 81–114.

Smith, Bruce D., 1987. Domesticated Chenopodium in Prehistoric Eastern North
America: new accelerator dates from Eastern Kentucky. American Antiquity 52
(2), 355–357.

Smith, Bruce D., 1992. Rivers of Change: Essays on Early Agriculture in Eastern
North America. Smithsonian Institution Press, Washington, DC.

Smith, Bruce D., 1998. The Emergence of Agriculture. Scientific American Library,
New York.

Smith, Bruce D., 2001. Low level food production. Journal of Archaeological
Research 9, 1–43.

Smith, E.A., 1981. The application of optimal foraging theory to the analysis of
hunter–gatherer group size. In: Winterhalder, Bruce, Smith, E.A. (Eds.), Hunter–
Gatherer Foraging Strategies. University of Chicago Press, Chicago, pp. 36–65.

Smith, E.A., Smith, S.A., 1994. Inuit sex-ratio variation: population control,
ethnographic error, or parental manipulation? Current Anthropology 35, 595–
624.

Smith III, Ira F., 1976. A functional interpretation of ‘‘keyhole’’ structures in the
Northeast. Pennsylvania Archaeologist 46 (1–2), 1–12.

Soffer, Olga, 1985. The Upper Paleolithic of the Central Russian Plain. Academic
Press, Orlando.

Stafford, C. Russell, 1991. Archaic period logistical foraging strategies in West-
central Illinois. Midcontinental Journal of Archaeology 16 (2), 213–246.

Stafford, C. Russell, 1994. Structural changes in Archaic landscape use in the
dissected uplands of Southwestern Indiana. American Antiquity 59 (2), 219–
237.

Stafford, C. Russel, Richards, Ronald L., Anslinger, C. Michael, 2000. The Bluegrass
Fauna and changes in Middle Holocene Hunter–Gatherer foraging in the
Southern Midwest. American Antiquity 65 (2), 317–336.

Steward, Julian H., 1938. Basin-Plateau Aboriginal Sociopolitical Groups. Bureau of
American Ethnology Bulletin No. 120. Smithsonian Institution.

Steward, Julian H., 1963. Theory of Culture Change (Fourth Printing). University of
Illinois Press, Urbana.

Stewart, Robert B., 1974. Identification and quantification of components in Salts
Cave paleofeces, 1970–1972. In: Watson, Patty Jo (Ed.), Archaeology of the
Mammoth Cave Area. Academic Press, New York, pp. 41–58.

Storck, Peter L., 1997. The Fisher Site: Archaeological, Geological, and Paleobotanical
Studies at an Early Paleo-Indian Site in Southern Ontario, Canada. Memoirs No.
30, Museum of Anthropology, University of Michigan, Ann Arbor.

Stothers, David M., Abel, Timothy J., 1993. Archaeological reflections of the Late
Archaic and Early Woodland time periods in the Western Lake Erie Region.
Archaeology of Eastern North America 21, 25–109.

Strachan, Richard A., 1974. The Cady Site: A Methodological and Statistical Analysis
of a Michigan Multiple Component Archaeological Site. Ph.D. Dissertation,
Wayne State University, Detroit.

Strassman, Beverly I., 1997. Polygyny as a risk factor for child mortality among the
Dogon. Current Anthropology 38 (4), 688–695.
Styles, Bonnie W., 1986. Aquatic exploitation in the Lower Illinois River Valley: the
role of paleoecological change. In: Neusius, Sarah W. (Ed.), Foraging, Collecting,
Harvesting: Archaic Period Subsistence and Settlement in the Eastern
Woodlands. Occasional Paper No. 6, Center for Archaeological Investigations,
Southern Illinois University at Carbondale, pp. 145–174.

Styles, Bonnie W., McMillan, R. Bruce, 2009. Archaic faunal exploitation in the
Prairie Peninsula and surrounding regions of the midcontinent. In: Emerson,
Thomas E., McElrath, Dale L., Fortier, Andrew C. (Eds.), Archaic Societies:
Diversity and Complexity across the Midcontinent. State University of New
York Press, Albany, pp. 39–80.

Testart, Alain, 1982. The significance of food storage among hunter–gatherers:
residence patterns, population densities, and social inequalities. Current
Anthropology 23 (5), 523–537.

Testart, Alain, 1988. Some major problems in the social anthropology of hunter–
gatherers. Current Anthropology 29 (1), 1–31.

Tobias, Robert, Hofmann, Carole, 2004. Evaluation of free Java-libraries for social-
scientific agent based simulation. Journal of Artificial Societies and Social
Simulation 7 (1).

Tringham, Ruth E., 1991. Households with faces: the challenge of gender in
prehistoric architectural remains. In: Gero, Joan M., Conkey, Margaret W. (Eds.),
Engendering Archaeology. Blackwell, Oxford, pp. 93–131.

Tucker, Bram, Young, Alyson G., 2005. Growing up Mikea: children’s time allocation
and tuber foraging in Southwestern Madagascar. In: Hewlett, Barry S., Lamb,
Michael E. (Eds.), Hunter–Gatherer Childhoods: Evolutionary, Developmental,
and Cultural Perspectives. Aldine Transaction, New Brunswick, pp. 147–
171.

van der Leeuw, S.E., 1981. Information flows, flow structures and the explanation of
change in human institutions. In: van der Leeuw, S.E. (Ed.), Archaeological
Approaches to the Study of Complexity. Universiteit van Amsterdam,
Amsterdam, pp. 230–329.

Vickery, Kent, 1976. An Approach to Inferring Archaeological Site Variability.
Unpublished Ph.D. Dissertation. Department of Anthropology, Indiana
University.

Walthall, John A., 1998. Overwinter strategy and Early Holocene hunter–gatherers
in temperate forests. Midcontinental Journal of Archaeology 23 (1), 1–22.

Waselkov, Gregory A., 1987. Shellfish gathering and shell midden archaeology.
Advances in Archaeological Method and Theory 10, 93–210.

Watson, Patty Jo., 1989. Early plant cultivation in the Eastern Woodlands of North
America. In: Harris, David R., Hillman, Gordon C. (Eds.), Foraging and Farming:
The Evolution of Plant Exploitation. Unwin Hyman, London, pp. 555–571.

Watson, Patty Jo., Kennedy, Mary C., 1991. The development of horticulture in the
Eastern Woodlands of North America: women’s role. In: Gero, Joan M., Conkey,
Margaret W. (Eds.), Engendering Archaeology: Women and Prehistory.
Blackwell, Oxford, pp. 255–275.

Watts, Duncan J., 2003. Six Degrees: The Science of a Connected Age. W.W. Norton &
Company, New York.

Webb, William S., DeJarnette, David L., 1942. An Archaeological Survey of Pickwick
Basin in the Adjacent Portions of the States of Alabama, Mississippi, and
Tennessee. Bureau of American Ethnology, Bulletin, 129.

Webb, William S., Snow, Charles E., 1945. The Adena People. University of Kentucky,
Reports in Anthropology and Archaeology 6.

White, Andrew A., 2012. The Social Networks of Early Hunter–Gatherers in
Midcontinental North America. Unpublished Ph.D. Dissertation, Department
of Anthropology, University of Michigan, Ann Arbor.

Whiting, J.W.M., 1993. The effect of polygyny on sex ratio at birth. American
Anthropologist 95, 435–442.

Whiting, J.W.M., Ayres, B., 1968. Inferences from the shape of dwellings. In: Chang,
K.C. (Ed.), Settlement Archaeology. National Press Books, Palo Alto, pp. 117–133.

Wiessner, Polly, 1974. A functional estimator of population from floor area.
American Antiquity 39 (2), 343–350.

Wiessner, Polly, 1982. Beyond willow smoke and dogs’ tails: a comment on
Binford’s analysis of hunter–gatherer settlement systems. American Antiquity
47, 171–178.

Wilk, Richard R., Rathje, William L., 1982. Household archaeology. American
Behavioral Scientist 25 (6), 617–639.

Winterhalder, Bruce, Goland, Carol, 1997. An evolutionary ecology perspective on
diet choice, risk, and plant domestication. In: Gremillion, Kristen J. (Ed.), People,
Plants, and Landscapes: Studies in Paleoethnobotany. The University of
Alabama Press, Tuscaloosa, pp. 123–160.

Winters, Howard D., 1968. Value systems and trade cycles of the Late Archaic in the
Midwest. In: Binford, Sally R., Binford, Lewis R. (Eds.), New Perspectives in
Archaeology. Aldine, Chicago, pp. 175–221.

Winters, Howard D., 1969. The Riverton Culture. Illinois State Museum, Reports of
Investigations No. 13. Springfield.

Wittry, Warren L., Ritzenthaler, Robert E., 1956. The Old Copper complex: an
Archaic manifestation in Wisconsin. American Antiquity 21 (3), 244–254.

Wolynec, Renata Bohdanna, 1977. The Systemaic Analysis of Features from the
Koster Site, A Stratified Archaic Site. Unpublished Ph.D. Dissertation,
Department of Anthropology, Northwestern University.

Yanagisako, Sylvia Junko, 1979. Family and household: the analysis of domestic
groups. Annual Review of Anthropology 8, 161–205.

Yarnell, Richard A., 1993. The importance of native crops during the Late Archaic
and Woodland periods. In: Scarry, C. Margaret (Ed.), Foraging and Farming in
the Eastern Woodlands. University Press of Florida, Gainesville, pp. 13–26.

Yellen, J.E., 1977. Archaeological Approaches to the Present: Models for
Reconstructing the Past. Academic Press, New York.



A.A. White / Journal of Anthropological Archaeology 32 (2013) 122–163 163
Yengoyan, Aram A., 1981. Infanticide and birth order: an empirical analysis of
preferential female infanticide among Australian aboriginal populations.
Anthropology UCLA 7, 255–273.

Yerkes, Richard W., 1987. Prehistoric Life on the Mississippi Floodplain: Stone Tool
Use, Settlement Organization, and Subsistence Practices at the Labras Lake Site.
University of Chicago Press, Chicago, Illinois.
Yesner, David R., 1994. Seasonality and resource ‘‘stress’’ among hunter–gatherers:
archaeological signatures. In: Burch, Ernest S., Ellanna, Linda J. (Eds.), Key Issues
in Hunter–Gatherer Research. Oxford, Berg, pp. 151–167.


	Subsistence economics, family size, and the emergence of social complexity  in hunter–gatherer systems in eastern North America
	Introduction
	Hunter–gatherer family subsistence economics
	Family size and composition
	The contributions of children to subsistence
	The developmental cycle, dependency ratio, and economic viability of families

	A computational model of family production and reproduction
	General description of the model
	Representations of persons, families, and the world
	Persons
	Families
	The system and the world

	Methods
	Marriage methods
	Reproduction methods
	Mortality methods

	Model operation and data collection
	Validity of model behavior

	Model experimentation and results
	Archaeological data
	Prehistoric domestic structures in eastern North America
	Paleoindian (ca. 11,500–9500 BC)
	Early Archaic (ca. 9500–6900 BC)
	Middle Archaic (ca. 6900–3800 BC)
	Late Archaic (ca. 3800–1200 BC)
	Early Woodland (ca. 1200–200 BC)
	Middle Woodland (ca. 200 BC–AD 500)
	Middle Woodland–Late Woodland Transitional (ca. AD 500–650)
	Post-Middle Woodland (ca. AD 650–contact)

	Structure size and family size
	Comparison with model and ethnographic data

	Discussion and conclusions
	Acknowledgments
	Appendix A Additional details of the design and validation of the FamilyNet2 model
	A.1 Variables associated with persons and families
	A.2 Validation of model behavior

	Appendix B Supplementary material
	References


