
Finite Social Space, Evolutionary Pathways, and 
Reconstructing Hominid Behavior 

Changes in social behavior were a key aspect of human 
evolution, and yet it is notoriously difFicult for paleobio- 
logists to determine patterns of social evolution. By 
defining the limited number of distributional strategies 
available to members of each sex of any species and 
investigating the conditions under which they may occur 
and change, the social behavior of different hominid taxa 
may be reconstructed. 

AL.EOANTHROPOLOGISTS HAVE LONG SPECULATED ON THE 

nature and role o f  social behavior in human evolution. Slnce 
many distinctive features o f  the human species relate to social 

behavior, an understanding o f  the patterns and process o f  human 
evolution must include these characteristics. Social svstems as 
diverse as monoganlous pairs ( I ) ,  food-sharing families ( Z ) ,  and 
chimpanzee-like fission and fusion societies (3, 4 )  have all been 
proposed for ancestral hominids (Table 1 ) .  I f  it is possible to 
reconstruct the social systems o f  extinct animals, then a high priority 
is to establish the criteria by which social evolution can be modeled 

( 5 ) .  

Hominid Sociality: The Problem 
Early hominid evolution occurred in sub-Saharan Africa during a 

period o f  increasing enrrironmental instability, with contracting 
forests, expanding savanna habitats, and drier, seasonal climates (6- 
8 ) .  Furthermore, it is widely recognized that early hominids were 
not all simply chronospecies o f  modern humans, but part o f  an 
adaptive radiation. These include small early forms with only partial 
bipedalism (for example, Austvalopithrcus afhvensis, A. <fiicanus) ( 9 ) ,  
larger bodied forms with adaptations for heavy mastication (A .  
vobustus, A. boisei, ?A. cvassidens, and ?A.  aethiopicus) (1&12), as well 
as larger brained species probably more closely related to ourselves 
(Hoino habilis, H .  sp., and H .  rvrctus) (13). Later hominids may also 
represent a diversity o f  forms ( 1 4 ) .  

It follows that reconstructions o f  early hominid social behavior 
cannot all simply reflect stages leading to modern humans; species 
diversity and ecological variability must be incorporated. 

Reconstructing Social Evolution: The Method 
Social behavior, among mammals in general and primates in 

particular, is highly variable; consequently hominids may be placed 
into any number of  different categories, depending on the criteria 
used. The main function o f  this model-building exercise is to 
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provide criteria by which the range o f  possible outcomes can be 
narrowed and to specifS. the conditions for their occurrence. The 
basic options for social strategy are quite limited, and the potential 
range o f  social systems finite. 

Srxlral stvatrfy a i ~ d  distvibutioi~ states. Stable long-term relationships 
between individuals represent the core structure o f  permanent 
groups. These relationships can be categorized as  cooperative, 
competitive, and reproductive (mating and parental). Two familiar 
assumptions about behavior in relation to reproductive success 
[succinctly stated by Wranghanl ( I S ) ]  form the basis for demon- 
strating the finite range o f  social sets within groups. For females o f  
most manxnalian species, offspring production is limited by energy; 
they thus tend to distribute themselves to maximize resource access. 
From the male's perspective, offspring production is limited by 
access to females, and males attempt to distribute themselves in 
relation to females. The options available for male and female 
distributions and associations (that is,  groups) in response to these 
basic constraints are limited. 

Each sex may be described in terms o f  its distribution state-the 
nature o f  associations between individuals o f  the same sex after they 
have reached maturity, often arising from patterns o f  residence in or 
dispersal from the parental unit. Three practical options are available 
to each sex. Males and females can either be solitan in relation to 
same-sex individuals in associations with kin, or in associations with 
nonkin. Other options, such as temporan or fluid aggregations, 
represent unstable combinations o f  the basic choices. 

Given that larger and longer living animals can recognize and 
maintain relationships for long periods o f  time, with individuals 
who are only infrequently contacted, kin relations within groups can 
be extended to agect and structure relations (mating, cooperation, 
defense) between different groups. The term lineage as  used here 
denotes those social states with kinship recognized between groups. 
Four distribution states in relation to other individuals o f  the sane 
sex are thus possible within a stable group. These relationships can 
be further patterned by the nature of  relationships between the 
sexes. In this model, male-female associations can either be transi- 
t o n  (primarily during brief mating periods) or stable, representing 
associations which occur for longer than mating opportunities (16). 
Combining these distributional strategies gives rise to a limited set 
of  only 32 potential core social systems (Fig. 1 ) .  

These limited options represent the fundanlental building blocks 
o f  a social system, on which variability in group size, patterns o f  
stability (for example, fission and fusion), spatial variation, and 
intensity o f  relationships, are built. Alternative individual strategies 
can often be described, but these are embedded in the core social 
system. 
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This model of social variability has two strengths. First, it 
describes the potential social system with principles of behavioral 
ecology, but independent of obseniatio~ls of specific species, and 
hence avoids the problem of using living species as direct models of 
extinct forms. Second, it defines a range of possibilities from which 
the more probable can be deduced. This latter step involves 
describing the constraints on the occurrence of each social set. 

Constvaints on evolutioi~avy pathways. Evolutionary change may be 
described as the movement from one adaptive point to another (1 7), 
and the evolutionary history of a species may be treated as the 
pathway taken when making transitions benveen adaptive points 
(18). In practice the number of evolutionary pathways available to a 
species is constrained when movement to an adjacent evolutionary 
point involves a loss of Darwinian fitness for those individuals (19). 
A model of social evolution should therefore specie the pathways 
available, and the extent to which these are viable (that is, do not 
involve a loss of relative fitness). The absence of an evolutionary 
pathway would represent a historical or phylogenetic constraint on 
evolutionary change. 

In this model, evolutionary pathways can be described by specifj- 
ing which states are adjacent. The matrix of social sets (Fig. 1) 
showed 32 possible states, defined by three variables (female 
distribution state, male distribution state, and the stability of male- 
female associations). The first two variables have four potential 
states, the last, only two. The difference between any tu70 social 
states, and hence evolutionary distance, can therefore be defined by 
the extent to which they share the same values for these variables. 
Social states differing in only one variable are considered closer to 
one another than those difering in tu70 or all three. 

A more sensitive measure of evolutionanl distance can be ob- 
tained if, for male and female distribution states, values are ranked so 
that certain variable states are placed adjacent to each other, thus 
constraining free movement from one social state to any other. 
These may be treated as polarities in the sense used by cladistic 
analysis (20), with certain states considered either primitive or 
derived relative to others (21). The values ( -  1, 0, 1, and 2) in Fig. 1 
indicate these polarities. They can represent the minimum unit of 
behavioral change and assume that certain state changes would be 
improbable without a lowering of individual fitness. For example, 
females or males can be constrained in moving from association with 
kin to association with 1 1 0 1 ~ 1 1  in a single transition by assuming 
inbreeding and a loss of mating opportunities (22). Thus, for male 
and female distribution states, "with nonkin" and "with kin" are not 
evolutionarily adjacent. For example, among Pan paniscus, where 
females may cooperate to defend large food patches (23), this 
cooperation is achieved by intensi$ing female affiliation among 
nonkin rather than a shift to a female kin residence system (24). State 
changes do not necessarily map directly onto behavioral changes, 
since distribution states reflect relationships rather than single 
behavioral units. 

A change from any one social state to another therefore involves a 
maximum of seven changes. A shift from male solitary-female 
solitary with transitory relations benveen the sexes (social state 14 in 
Fig. 1) to a male solitary-female nonkin system (social state 2) 
requires tu70 state changes (stabilizing male and female relationships 
and females associating with nonkin). To produce stable male kin- 
female nollkin (social state 3) requires a further change to males 
associating with kin. 

Table 1. Previous models for the evolution of hominid social behavior 

Author Key behavioral 
features 

Basis for 
inference 

Key hominid 
taxon 

Key paleobiological 
evidence 

Not specified 

Social structure 

DeVore and Male competition and domi- 
Washburn (61) nance in large groups 

Baboon ecology and 
behavior (envi- 
ronmental simi- 
larity) 

Behavior of modern 
hunter-gatherers 

- - 

Early Aitstvalop~thecrrs Large multimale group 

Isaac (2) Food-sharing, division of 
labor and home bases 

Animal bone or artifact 
concentration in 
East African Plio- 
Pleistocene 

Not specified 

Family units 
(monogamous?) 

Tanner (3) Intensification of female 
foraging, female-offspring 
bonds, female mate choice 

Lovejoy (1) Provisioning of females and 
young, pair bonds 

Chimpanzee behav- 
ior (phylogenetic 
relationsh~ps) 

Differences in 
reproductive rates 
benveen extant 
apes and humans 

Differences in rates 
of meat consump- 
tion benveen 
nonhuman and 
human primates 

Similarities benveen 
humans and 
chimpanzees 

Comparative socio- 
ecology of Afri- 
can apes 

Comparative socio- 
ecology of apes 
(pllylogenetic re- 
lationships) 

Reproductive ener- 
getics of extant 
primates 

Protohominid or 
common ancestor 
with chinlpanzee 

Protohominid or 
earliest hominid 

Groups of females and 
their offspring 

Early presence of bi- 
pedalism 

Monogamous family 
units 

Hunting and male provi- 
sioning 

Early evidence of hunt- 
ing 

HiU (62) Not specified Most probably polygy- 
nous harems 

Not specified Archeological evidence 
for tool-malung 

Compare chimpanzee ~McGrew (4) Tool-use and manufacture 

Wrangham (37) Closed social nenvork, female 
exogamy, polygyny, hostile 
intergroup relationships 

Gighlieri (32) Female exogamy and male 
alliances 

Common ancestor 
of hominids and 
African apes 

Earliest hominid 

Not specified Closed social nenvorks of 
related males and ex- 
ogamous females 

Male kin territorial 
groups 

Not specified 

Parker (63) Female mate choice and 
sexual selection 

h chronological se 
quence from the 
earliest hominid 
to modern hu- 
mans 

Archeological evidence 
for scavenging or 
hunting and rates of 
brain expansion 

Pair bonds (monogamy) 
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A matrix of minimum evolutionary distance can be constructed 
from ranked distances between social states (Fig. 2). Those social 
systems separated by only one character change may be considered 
to be evolutionarily adjacent; a larger number of state changes 
implies a greater evolutionary distance. From this matrix evolution- 
ary pathways can be mapped (25). 

Figure 3 shows alternative pathways from the simplest evolution- 
ary state (social state 14); each step represents one change of state. 
From this diagram, for example, the alternative evolutionary path- 
ways producing a harem system with one male in stable associations 
with nonkin females (social state 2) can be identified. The adjacent 
states are 1, 3, 6, and 10. Each of these social states may in turn be 
reached by a variety of routes. 

Ecological constvaints. Even constrained in this way, a large number 
of alternative routes exist to any one social state. The ecological 
viability of these states can limit the pathways. In Wrangham's 
model (15), food patches large enough to be used by several females 
tend to promote grouping when scramble or contest competition 
limits individual access to food. Two females cooperating to defend 
a patch will be able to halt other females invading that patch. Such 
cooperation is often biased toward kin in accordance with principles 
of inclusive fitness (26). The patch size, its quality, and its renewal 
rate through time are important determinants of females' ability to 
monopolize or defend a patch, on their own or in a group with 
female kin. Under such resource conditions, females are most often 
solitary or in groups with female kin. 

Male distribution must thus take into account female dispersal 
patterns in relation to resources as well as the nature and degree of 
competition between males. A single male can potentially monopo- 
lize (relative to other males) a single female and her resources, or a 
group of female lun. With competition between males for access to 
females, several males may end up associated with a single female (as 
in polyandry) or with related females. When resources do not 
initially promote female aggregations, groups composed of unrelat- 
ed females attached to a specific male result. Males can associate with 
kin when the advantages of male coalitions are biased toward 
cooperation for controlling either females or their resources in the 
face of competition from other males. 

Male distribution state 

With nonkln Solitary With kin Kln and lineage 

With nonkin 

3 - * Solitary 
0 .- - 
n 'e - 
5 
w 
-S With kin 
P 
Y. 

Kin and 
lineage 

-1 0 1 2 Male polarities 

Fig. 1. Core social systems based on distribution states defined for males and 
females in relation to same-sex individuals. Associations between sexes are 
indicated by the angular divisions within each box: top left, stable; bottom 
right, transitory. The distribution states are ranked by polarities and 
numbered (1 to 32). All extant hominoids and at least one other repre- 
sentative primate species are presented for currently known states (64). 
Species can appear in more than one state. 

A large number of other parameters may be added that further 
constrain evolutionary options, such as predation, birth rate, and 
other life history variables (longevity, growth, and developmental 
rates). The persistence and success of a potential social state will 
depend on ecological conditions. 

The alternative pathways generated can be examined using the 
example shown in Fig. 3. Two of the immediately adjacent routes to 
social state 2 involve systems undescribed in extant primates (social 
states 1 and 6). Such systems may be relatively improbable for a 
primate, involving only transitory male-female relationships. A male 
who stabilized relationships with a female whenever ecological or 
demographic contexts allowed would be at an advantage over males 
who lost mating opportunities while searching for females. At a 
more distant level, several routes include a state of polyandry (social 
states 9 and 11); others (social states 3 and 4) consist of a shift from 
a more complex (or derived) state to one less derived. These 
situations should not be ruled out and indeed some may occur as a 
transitory phase under specific demographic [for example, the 
temporary establishment of female kin lineages among mountain 
gorillas with very long silverback tenure (27); multimale and harem 
groups of langurs (28)] or ecological [for example, the facultative 
alternation between polyandry, polygyny and monogamy of some 
callitrichids (29)] conditions. These transitory states provide a 
means for defining the circumstances where they might stabilize. 
Again, individual alternative strategies within a social system, sucL 
as followers among gelada (30) or brothers dispersing together 
among vervets (31), provide the potential for new states if these 
strategies come to predominate. 

Application to the Hominids 
To apply this methodology to the problem of hominid socioeco- 

logical evolution requires establishing the ancestral social state from 
which hominids are derived, the potential pathways from this social 
state, including that of modern humans, and the constraints and 
selective pressures that determine the pathways followed. 

T h e  hominoid socioecological context. Hominids are hominoids, and 
more specifically African hominoids (32, 33); they may form a sister 
clade to the chimpanzee and gorilla together, or to the chimpanzee 
alone (34, 35). While diverse, social systems of living hominoids 
support the general principle of evolutionary pathways, for the 
observed social states are adjacent (Figs. 1 and 3). This suggests a 
limited number of possible social strategies for hominoids. Particu- 
larly striking is the absence of strategies based on relationships 
between nondispersing, related females, in marked contrast with the 
predominance of such systems among the cercopithecines (36). The 
evolutionary pathways found among the hominoids are relatively 
short, do not involve implausible steps, and are consistent with 
phylogeny. In particular, a trend toward more stable relationships 
between males and females and stronger associations of male kin can 
be observed (36), especially among the African apes. 

As the Late Miocene forests in Africa became restricted in 
distribution, drier woodland regions became more widespread, and 
overall habitat diversity increased. The effects of this paleoenviron- 
mental change would have depended upon the precise location of 
any population and its e.cologica1 requirements. For those located in 
areas where foods became more patchy and the patches smaller due 
to reduced rainfall and increased seasonality, females were unlikely 
to forage as a cooperative unit, and thus have few reasons to 
associate in kin groups. With the expansion of female foraging 
areas, male kin coalitions defending the range of several females 
would have been advantageous for the small-bodied early hominids. 
Both chimpanzees (37, 38) and these early hominids thus have been 
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proposed to be relatively similar in social strategy (36). 
Tlletivst ho?~ in ids .  The model of finite social sets shows the initial 

conditions of early hominid behavior, and the basis for considering 
subsequent evolutionary patterns. As part of an African hominoid 
radiation, the earliest hominids occupied more open, savanna-like 
habitats than is typical for the other African hominoids (39, 40). The 
earliest known hominids from Tabarin (41), Lothagam (42), Laetoli 

Fig. 2. Matrix of evolutio~lan distance showing the minimum number of 
character changes necessary to move from a specific social state to all others. 
Numbers refer to  states and are indicated on  cach axis. Values of 1 indicate 
adjacenr states; evolutionan distance i~lcreascs with the value show11. 

Fig. 3. A l t c r ~ ~ a t i ~ c  cvolutio~lan pathways. All possible evolutio~lay routes 
from social statc 14 arc presented, based on  which states are adjacent to  cach 
other (Fig. 2).  Any social statc can be selected arbitrarily for the starting 
point and pathways can be traced in any direct io~~,  not just away fro111 the 
center. The dark lines highlight routes through extant primates. Dark circles 
refer to homi~loids and triangles show states that could lead on  to  the 
hominids (social stare 4). 

(43), and Hadar (44) have all been found in association with 
sedimentological or paleontological indicators of habitats with large 
patches of grassland and bushland. 

Such environments appear to  promote, among other things, 
larger group size among primates (6, 45), partly as a response to the 
greater threat of predation (46), partly due to  the effects of resources 
being more patchily distributed (15). The model described above, 
and the socioecological character of the African hominoid clade as a 
whole, would suggest that such larger groups would be built on  
male kin alliances rather than related females; to  "switch" to the 
female-based patterns found among savanna-dwelling cercopithe- 
cines would involve more social changes during the transition, 
including a reduction in group size potentially placing small groups 
at a competitixre disadvantage, a period of inbreeding, and a 
premium placed on  male body size in competition over females, 
which would pose additional nutritional burdens for growth. 

The most probable social organization for the early australopithe- 
cines consists of mixed sex groups, with males linked by a nenvork 
of kinship. Females, forced to forage o~7er larger areas t o  find 
dispersed and seasonally limited food and t o  aggregate in the face of 
some predation, would be expected to  form more stable associations 
with either specific males within the alliance or with the entire 
alliance of males. 

This reconstruction of earliest hominid social structure builds the 
selective pressures of open tropical environments onto the social 
state of the evolving African hominoids (social state 3). The critical 
change of social state is the elaboration of male alliances (social state 

4). 
A~istn~lopithrc-irs afirrnsis, as the earliest recognized hominid spe- 

cies, is the best candidate for this ancestral pattern of hominid 
socioecology. Problems exist, however, in relating this proposal to 
characteristics inferred from the fossil evidence. One interpretation 
is that the entire hominid fossil assemblage from East Africa from 
the period 5 to  2 million years ago belongs to  a single, highly 
dimorphic species (47, 48). Current estimates suggest a range of 
body weights of 70 kg for males and 31  for females-a level of 
sexual dimorphism of 226% (49). This could imply intense competi- 
tion between males, and consequently a significant weakening of 
kin-based male alliances. Such a pattern might require a high densiv 
and low patchiness of high-quality food for mothers to  sustain high 
growth rates among sons and for males to  enhance their post- 
pubertal growth. Among living hominoids this level of sexual 
dimorphism is similar to  that of the orangutan, with a solitary 
existence for both sexes viable in the absence of predators and 
relatively abundant high-qualiv foods which are dispersed in small 
packets (50). The high levels of sexual dimorphism among gorillas 
are associated with intense male-male competition and abundant 
low-quality foods (27). Either of these interpretations for the 
hominids is inconsistent with paleoen\~ironmental considerations. 
The alternative interpretation of this Pliocene material implies 
taxonomic differentiation (51, 52), suggesting the early hominids 
included both large and small body-sized species with relatively 
little sexual dimorphism, more in keeping with the model suggested 
above. 

' l ? ~ c  "vobtrst austvalopitl~ccirles." One trend among African hominids 
(2.5 to  1.0 million years ago) involves relatively little encephaliza- 
tion, enlargement of the posterior teeth, and the evolution of cranial 
and facial musculature and architecture associated with h e a ~ y  masti- 
cation [informally referred to  as the robust australopithecines, 
although some prefer the designation Pan~ntilvoptrs (53)]. Functional 
interpretation of this morphology suggests a greater degree of 
dependence on  coarse, hard, plant food, most probably of  low 
nutritional quality (6, 54, 55). When such savanna foods (under- 
ground plant storage organs, grasses, and seeds) occur in large, 
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dispersed patches, larger group size can result, especially if grouping 
reduces the probability of predation in open environments (46). The 
expected effect on the ancestral hominid socioecology described 
above would have been to weaken male kin bonds within a less 
structured large or fluid group. In these large groups individuals 
lvith a relatively low degree of relatecb~ess would be in close 
proximity, resulting in males investing more effort into the defense 
of a female or females-in other words, a harem structure within a 
larger group context that still has male kin throughout the group as 
a whole. Female kin within the harems would be unlikely (in 
contrast to gelada baboons), since with long male tenure (as in the 
gorillas), young females could suffer costs of continued inbreeding 
and reduced mating opportunities if they did not disperse alvay 
from their mothers. The resulting large group would consist of 
reproductive units with unrelated females in stable associations with 
a single male, but with both male and female kin present. Related 
males would be available for group defense against coalitions of 
conspecifics, while the advantages of kin coalitions for females, 
reproductive assistance, and enhanced feeding opportunities, would 
be less immediate since these female kin would not be in close 
associations and thus less available for supportive interactions. 

Some evidence relating to life history characteristics may also be 
deployed to support this reconstruction. Calculations of growth 
rates from deciduous dental enamel (56, 57) indicate that this group 
of hominids matured rapidly relative to later hominids. A trend 
toward more rapid early growth is associated with increasing 
environmental uncertainty and high fertility (58), suggesting a 
competitive multimale environment in which an immature individ- 
ual has low sunivorship. 

Early Homo. Other early Pleistocene African hominids lack the 
dental specializations of the later australopithecines, display a trend 
toward greater encephalization, and share a greater number of 
locomotor characteristics with modern humans. Tool-making on an 
increasing scale is associated with these species. Environmentally, 
archeological and fossil remains are associated with savanna mosaic 
habitats. This is the genus Hotno, best known by H. erectus. These 
morphological and behavioral contrasts with the later australopithe- 
cines imply a different adaptive strategy, and hence another modifi- 
cation from the ancestral hominid socioecological system. 

The central problem for hominids living in more arid grassland 
and ~voodland environments is maintaining a successful foraging 
strategy in the context of markedly seasonal conditions. For the 
robust australopithecines a shift to lower quality plant foods has 
been suggested as their survival strategy during dry season periods 
of food limitation (6). An alternative solution would be to increase 
the amount of animal tissue consumed. The benefits of meat-eating 
are high nutritional quality, large package size, transportability, and 
dry season abundance; the costs are a patchy and unpredictable 
distribution, and an increased risk of injury during capture or 
processing. 

Despite considerable controversy surrounding the precise inter- 
pretation of the Pliocene-Pleistocene African localities with associa- 
tions of bones and stone tools (59), there is general agreement that 
by 1.6 million years ago, contemporaneous with the appearance of 
Homo erectus, hominids were processing animal tissue at a higher 
level than is known for any extant nonhuman primate species (60). 

While the causes of meat-eating are ecological, the consequences 
would be distributional and social. Increased meat-eating leads to 
larger home range size and longer day ranges, given the patchy 
distribution of prey items and scavengeable carcasses. Under these 
conditions, male cooperation in food acquisition would be advanta- 
geous. While individual defense of females by a male would be 
increasingly difficult, especially if differences in male and female 
foraging behavior become more pronounced, cooperative defense of 
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groups of females would minimize the loss of females to roving or 
intruding males. Territorial exclusion, given the size of area in- 
volved, would be dificult, and hostile intergroup encounters would 
again involve alliances of males rather than individual defense. Such 
a pattern of behavior would enhance male kin associations within 
and between groups as a means of coping with high levels of inter- 
group competition and interactions. 

Factors other than seasonal stress and resource availability influ- 
ence the socioecology of the genus Horno. Principal among these are 
the higher levels of maternal reproductive costs associated with 
greater encephalization, slower infant growth rates, delayed maturi- 
ty and independence, and infants at an additional risk from non- 
nutritional mortality as a result of predation, inter-group encoun- 
ters, and infanticide. The effect of all these would be to increase the 
frequency, intensity, and stability of male-female associations. As a 
means of decreasing foraging costs through provisioning or 
scrounging, and reducing mortality risks, a stronger bond between 
particular males and females would be advantageous. 

One alternative mode of meeting these reproductive costs would 
be to increase female kin-bonding and use other females as providers 
and protectors. Again, shifting to matrilineality would be possible 
under the model, but would be dificult to establish, given ecological 
and demographic constraints. Associations of mothers and daugh- 
ters would require resources that could be defended by female 
coalitions, a demographic context where females did not sustain 
costs of inbreeding, and dispersal of young males associated with 
low mortality and a high probability of subsequent breeding. Such 
conditions were unlikely to be met in the environments of H ,  erectus, 
but may be associated with rapid demographic and range expansions 
and high quality, abundant foods among later Horno. 

The result of a specific environmental stress (seasonality), a shift in 
resource base, and changing life history parameters associated with the 
costs of producing offspring for H.  evect~rs would be the simultaneous 
buildup of male kin alliances (competitive and cooperative inter-group 
effects) and specific male-female links (polygamous rather than monog- 
amous) resulting in a higher level of complexity of both inter- and 
intra- (specifically male) sex relationships. 

Modern humans. Where do modem hunlans fit in with this pattern? 
Essentially the trend obsen~able in the divergence from the African 
hominoids, and in the evolution of the genus Homo, shows a 
strengthening of male kin relationships. The most significant aspect of 
this process would have been greater levels of kin-biased behavior and 
recognition; greater longevity would extend this to lineages of adjacent 
generations (patrilines) and create the potential for lineage recognition 
through space, structuring relationships between groups over the long 
term. In the model, hornitlids and modem humans have made the 
transition from social state 3 to 4. The other change is stronger 
associations between specific males and females (facultatively polygy- 
nous). On these grounds it may be argued that polygynous male family 
groups occurring within larger male kin lineages characteriid the 
social organization of the ancestors and earliest representatives of 
modem humans. From this social state the development of stronger 
female kin systems (social states 12 and 28) can be reached. Polyandry 
(social state 12) is adjacent to social state 4, while the pathway to social 
state 28 has a more complex route through transitory relations with 
males. Environmental, social, economic, and political factors may have 
constrained or made available new pathways for modem humans. 
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