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Can Group-functional 
Behaviors Evolve by 
Cultural Group 
Selection? 
An Empirical Test' 

by Joseph Soltis, Robert Boyd, 
and Peter J. Richerson 

Functionalists believe that social and cultural variation results 
from adaptation at the group level. Such explanations are contro- 
versial for two reasons: (i) Extensive analysis of mathematical 
models of group selection by evolutionary biologists suggests 
that group selection is unlikely to be important. (2) Group extinc- 
tions are too rare to generate sufficient evolutionary change. 
Boyd and Richerson have proposed a new model of group selec- 
tion based on cultural variation that is theoretically more plausi- 
ble than group selection on genetic variation. In this paper we 
present data on patterns of group extinction, group formation, 
and between-group variation in New Guinea which are consis- 
tent with the operation of this model. Observed rates of group ex- 
tinction suggest that a minimum of 50 to i,ooo years would be 
required for the spread of a single group-beneficial trait under the 
influence of group selection. This result implies that group selec- 
tion cannot explain cultural changes that take less than 50 to 
I,OOO years. It does not, however, preclude a role for group selec- 
tion in explaining the evolution of human societies over the 
longer run. 
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Many anthropologists explain human behavior and so- 
cial institutions in terms of group-level functions (Rap- 
paport I984, Lenski and Lenski I982, Harris I979, Rad- 
cliffe-Brown I952, Aberle et al. I950, Malinowski I984 
[I922], Spencer i89i). According to this view, beliefs, 
behaviors, and institutions exist because they promote 
the healthy functioning of social groups. Such function- 
alists believe that the existence of an observed behavior 
or institution is explained if it can be shown how the 
behavior or institution contributes to the health or wel- 
fare of the social group. Most functionalists in anthro- 
pology have not explained how group-beneficial beliefs 
and institutions arise or by what processes they are 
maintained (Turner and Maryanski I979). When func- 
tionalists do provide a mechanism for the generation or 
maintenance of group-level adaptations, it is usually in 
terms of selection among social groups.2 Functionalists 

i. We thank Philip Newman, Paul Sillitoe, Andrew Vayda, Mark 
Allen, and Bob Rechtman for help in locating data used in this 
analysis. Joan Silk, Timothy Earle, Eric Smith, Paul Allison, Lore 
Ruttan, Mark Jenike, Alan Rogers, Monique Borgerhoff Mulder, 
and an anonymous referee provided very useful comments on ear- 
lier drafts of this paper. Members of the University of Bielefeld's 
Center for Interdisciplinary Research project on the Biological 
Foundations of Human Culture provided a constructively critical 
audience for an early version (special thanks are due its director, 
Peter Weingart). Jonathan Turner convinced us that state-level in- 
stitutions are different from tribal ones. 

2. Some authors (e.g., Harris I979) have suggested that the self- 
interested choices of individuals will result in group-beneficial be- 
havior. However, this claim is not cogent-group-beneficial behav- 
ior will not result from individual choice except as a side effect of 
other processes or in certain limited circumstances. For example, 
many authors have suggested that food taboos exist because they 
prevent overexploitation of ecological resources. To keep things 
simple, let us suppose that individuals must choose to observe a 
particular taboo or not and that individuals who observe this taboo 
forgo a satisfying and nutritious food item. Choosing to ignore the 
taboo has a positive effect on individuals' own welfare and, by 
assumption, a negative effect on the welfare of the group. However, 
unless the group is very small, the personal effect will be much 
larger than the effect on the group, and thus choosing to ignore the 
taboo will better serve individuals' goals, even if their goals include 
the welfare of the group. This effect is at the heart of both rational- 
strategy and evolutionary arguments against the easy development 
of group-beneficial behavior. The effect is not a matter of cognitive 
capacity, as writers such as Harris seem to imply. Rational strate- 
gists are assumed to have unlimited cognitive capacity, whereas 
evolved creatures are the products of blind selective sorting, but 
the essential problem is the same; both rational strategists and 
evolved creatures are expected to act in their own self-interest. 

Group-beneficial behavior may result from self-interested indi- 
vidual choice under certain circumstances. First, since individual 
and group benefit are often correlated, individual choice may often 
produce group-beneficial outcomes as a side effect (see Sugden I986 
for several examples). Second, markets will lead to an "efficient" 
allocation of economic resources if the state or some other external 
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believe that societies have many functional prerequi- 
sites. Social groups whose culturally transmitted values, 
beliefs, and institutions do not provide for these prereq- 
uisites become extinct, leaving only those societies with 
functional cultural attributes as survivors. We refer to 
this process as "cultural group selection" because it in- 
volves the differential survival and proliferation of cul- 
turally variable groups. 

Cultural group selection is analogous to genetic group 
selection but acts on cultural rather than genetic differ- 
ences between groups. This distinction is important. We 
will argue that cultural variation is more prone to group 
selection than genetic variation and that this may ex- 
plain why human societies, in contrast to those of other 
animals, are frequently cooperative on scales far larger 
than kin groups. More generally, recent theoretical work 
on the processes of cultural evolution shows that there 
are many parallels between cultural and genetic evolu- 
tion but also some fundamental differences (Durham 
I99I, Boyd and Richerson I985, Cavalli-Sforza and Feld- 
man I98I, Pulliam and Dunford I980). To date, empiri- 
cal investigations focused on these processes are few 
(but see, e.g., Cavalli-Sforza et al. I982). In addition to 
conducting empirical studies specifically designed to in- 
vestigate these processes, it is possible to use many of 
the data collected by social scientists for other purposes. 
Here we use a small part of the very rich ethnographic 
record produced by anthropologists to test the empirical 
plausibility of the process of cultural group selection. 

As is emphasized by Campbell (i965, I975, I983), cul- 
tural group selection requires that (i) there be cultural 
differences among groups, (2) these differences affect 
persistence or proliferation of groups, and (3) these dif- 
ferences be transmitted through time. If these three con- 
ditions hold, then, other things being equal, cultural at- 
tributes which enhance the persistence or proliferation 
of social groups will tend to spread. There is no guaran- 
tee, however, that this process will be sufficiently pow- 
erful to overcome other social processes which act to 
produce other outcomes. There are two problems with 
cultural group selection as an explanation for the exis- 

tence of group-beneficial traits: maintenance of varia- 
tion among groups and rate of adaptation. 

Group-functional explanations may be in conflict 
with the fact that human choices are at least partly self- 
interested. To the extent that they can evaluate alter- 
native beliefs and attitudes, self-interested organisms 
should adopt only beneficial attitudes and beliefs and 
reject those that are individually harmful. Thus, beliefs 
that are costly to the individual should diminish, while 
beliefs that are beneficial to individuals should spread. 
Extensive theoretical analysis suggests that group selec- 
tion can counteract this process only if groups are very 
small and migration among groups is very limited (Eshel 
I972, Levin and Kilmer I973, Wade I978, Slatkin and 
Wade I978, Boorman and Levitt I980, Wilson I983, 
Aoki I982, Rogers i990). As a result, most evolutionary 
biologists and social scientists influenced by them (e.g., 
Chagnon and Irons I979) reject functionalist explana- 
tions. 

Furthermore, Hallpike (I986) has argued that group 
extinction does not occur often enough to justify func- 
tionalist explanations. Group selection works by elimi- 
nating those societies that have deleterious practices or 
institutions. If it takes a particular number of extinc- 
tions to eliminate a deleterious ritual form, then it will 
take a greater number to eliminate the deleterious ritual 
form and a deleterious marriage practice. Still further 
extinctions will be required to cause other aspects of the 
society to become adaptive. Hallpike argues that human 
societies do not have high enough extinction rates for 
group selection to cause many different attributes to be 
adaptive at the group level simultaneously. 

In the face of these objections, is there any justifica- 
tion for taking group-functional hypotheses seriously? 
Here we describe a theoretical model and present sup- 
porting data which show that a role for cultural group 
selection should not be ruled out. Boyd and Richerson 
(I985:chaps. 7 and 8; iggoa, b) have analyzed mathe- 
matical models of group selection acting on culturally 
transmitted variation and have shown that cultural 
group selection will work if certain key assumptions are 
met. Ethnographic data from Papua New Guinea and 
Irian Jaya give credence to some of the assumptions that 
underpin the group-selection model. These data also 
allow us to estimate an upper bound on the rate of adap- 
tation that could result from group selection. We argue 
that these data suggest that group selection is too slow 
to be used to justify the common practice of interpreting 
as group-beneficial the detailed aspects of particular cul- 
tures. However, the data do not exclude the possibility 
that group selection may account for the gradual evolu- 
tion of some group-level adaptations, such as complex 
social institutions, over many millennia. 

How Group Selection Can Work 

We begin with the premise that individuals acquire vari- 
ous skills, beliefs, attitudes, and values from other indi- 
viduals by social learning and that these "cultural vari- 

authority enforces contracts, external effects such as air pollution 
are not present, and a number of other conditions are satisfied. The 
allocation is efficient only in the sense that no one can be made 
better off without someone else's being made worse off-the distri- 
bution of wealth that results could be extremely deleterious to the 
survival of the society. Clearly, most aspects of culture are not 
regulated by markets or prices, even in contemporary societies. 
Third, rational planning by leaders or institutions may also lead 
to group-beneficial outcomes. While the extent to which political 
institutions can ever be modeled as acting in the common interest 
is debatable, it is clear that most aspects of culture are not the 
result of rational planning. Finally, individuals may choose group- 
beneficial activities if they value those activities for their own 
sake, not because they benefit the group (Margolis i982, Batson 
I99I). For example, men may fight to defend the group if they 
value heroism in battle. However, one is left with explaining how 
men come to have such preferences-otherwise, the explanation 
is that people choose group-beneficial behaviors because they like 
to do so. Thus, we do not deny that people make group-beneficial 
choices. We are claiming that when such choices occur they cannot 
be the result of mainly self-interested choice. 
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ants," together with their genotypes and environments, 
determine their behavior. To understand why people be- 
have as they do in a particular environment we must 
know the skills, beliefs, attitudes, and values that they 
have acquired from others by cultural inheritance. To 
do this we must account for the processes that affect 
cultural variation as individuals acquire cultural traits, 
use the acquired information to guide behavior, and act 
as models for others. What processes increase or de- 
crease the proportion of persons in a society who hold 
particular ideas about how to behave? Here we will con- 
sider two kinds of processes: biased cultural transmis- 
sion and selection among social groups. 

Biased cultural transmission occurs when individuals 
preferentially adopt some variants relative to others. In- 
dividuals may be exposed to a variety of beliefs or behav- 
iors, evaluate these alternatives according to their own 
goals, and preferentially imitate those variants that 
seem best to satisfy their goals. If many of the individu- 
als in a population have similar goals, this process will 
cause the cultural variants that best satisfy these goals 
to spread. For example, if the two variants are more and 
less restrictive forms of food taboos and individuals pre- 
fer the broader diet that results from the less restrictive 
variant, then that variant will spread. This process, 
which is important in the spread of innovations (Rogers 
I983), often tends to cause groups living in similar envi- 
ronments to have similar behaviors. 

However, biased cultural transmission can also main- 
tain differences between groups of people living in simi- 
lar environments. This can occur in two ways: First, a 
belief or behavior may be more attractive if it is more 
widely used than the alternatives. Many social behaviors 
have this character. For example, if food taboos are used 
as ethnic markers, then in a group in which the more 
restrictive taboo predominates individuals may choose 
that taboo over the less restrictive one because the social 
benefits compensate for the nutritional costs. Game the- 
ory suggests that many kinds of social interactions, in- 
cluding bargaining, contests, and punishment-enforced 
norms, will generate an astronomical number of alterna- 
tive equilibria. Second, when individuals are unable to 
evaluate the merits of alternative variants, they may in- 
stead use a simple rule of thumb such as adopting the 
most common variant. This conformist form of biased 
transmission causes the more common variant to in- 
crease. For example, if the majority of a group observes 
the more restrictive taboo, it will tend to increase. 

When either common-type-advantage or conformity 
maintains differences among groups, group selection can 
be an important force. Consider a large population sub- 
divided into many smaller, partially isolated groups. Sup- 
pose that biased cultural transmission maintains cul- 
tural differences among these groups despite frequent 
contact and occasional intermarriage and that these cul- 
tural differences affect the welfare of the group. For ex- 
ample, groups in which restrictive food taboos are com- 
mon may tend to harvest game at approximately the 
maximum sustainable yield, while groups in which less 
restrictive taboos are common overexploit their game 

resources and suffer significantly poorer nutritional sta- 
tus as a result. Further suppose that social groups are 
occasionally disrupted and their members dispersed to 
other local groups and that the rate at which this occurs 
depends on the overall welfare of the group. Such disrup- 
tion and dispersal may be the result of population de- 
cline, social discord, or the actions of aggressive neigh- 
bors. Poor nutritional status will contribute to these 
risks. Thus, according to our hypothetical example, 
groups with less restrictive food taboos will, on average, 
be more likely to be broken up and dispersed. Finally, 
suppose that as some groups decline and disappear, other 
groups grow and eventually divide, forming new groups, 
and that the rate at which this occurs increases with the 
overall welfare of the group. Thus, the growing, dividing 
groups will tend to have more restrictive food taboos 
than declining ones, and restrictive food taboos will tend 
to spread as a result of selection among groups. Others 
have proposed at least implicitly similar models (e.g., 
Peoples I982, Divale and Harris I976, Irons I975). 

This model of group selection differs from those ana- 
lyzed in population biology in that biased transmission 
maintains variation among groups. Biologists have been 
concerned with whether group selection could allow the 
evolution of altruistic behavior. In these models, natural 
selection acts against altruistic behavior in every group, 
and this selection process tends to reduce variation 
among groups. The only process creating variation 
among groups is genetic drift, a very weak force. Thus, 
group selection can have little effect because groups are 
genetically very similar. In the model outlined here, it 
is assumed that various forms of biased transmission, 
potentially very strong individual-level forces, act to 
maintain differences among groups and group selection 
can predominate. 

The form of group selection just outlined can be a 
potent force even if groups are usually very large. For 
a favorable cultural variant to spread, it must become 
common in an initial subpopulation. The rate at which 
this will occur through random driftlike processes (Ca- 
valli-Sforza and Feldman i98i) will be slow for sizable 
groups (Lande i986). However, this need occur only 
once. Thus, even if groups are usually large, occasional 
population bottlenecks may allow group selection to get 
started. Similarly, environmental variation in even a few 
subpopulations may provide the initial impetus for 
group selection. Some environments may lead groups to 
adopt group-beneficial traits because they are also indi- 
vidually advantageous. These practices may then spread 
by group selection into environments where they have 
only a group advantage. For example, restrictive food 
taboos may arise in a very heterogeneous environment 
in which it is important for individuals to specialize in 
narrow-range food-procurement strategies and only later 
spread by group selection to less heterogeneous environ- 
ments where they mainly function to protect resources 
against the tragedy of the commons. 

Unlike many genetic models, this form of group selec- 
tion does not require that the people who make up 
groups die during group extinction. All that is required 
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is the disruption of the group as a social unit and the 
dispersal of its members throughout the metapopula- 
tion. Such dispersal has the effect of cultural extinction, 
because dispersing individuals have little effect on the 
frequency of alternative behaviors in the future; in any 
one host subpopulation they will be too few to tip it 
from one equilibrium maintained by convention or con- 
formity to another. 

Cultural group selection is very sensitive to the way 
in which new groups are formed. If new groups are 
mainly formed by individuals from a single preexisting 
group, then the behavior with the lower rate of extinc- 
tion or higher level of contribution to the pool of colo- 
nists can spread even when it is rare in the metapopula- 
tion. If, instead, new groups result from the association 
of individuals from many other groups, group selection 
cannot act to increase the frequency of rare strategies. 

Empirical Evidence 

To justify using this model of cultural group selection 
we need data that allow us to answer three questions: 

i. Do groups suffer disruption and dispersal at a rate 
high enough to account for the evolution of any impor- 
tant attributes of human societies? 

2. Are new groups formed mainly by fission in groups 
that avoid extinction? 

3. Are there transmissible cultural differences among 
groups that affect their growth and survival, and do 
these differences persist long enough for group selection 
to operate? 

To address these questions we present data on group 
extinction rates, group formation, and cultural variabil- 
ity drawn from the ethnographic literature of Irian Jaya 
and Papua New Guinea. We have chosen this area be- 
cause it offers high-quality ethnographic descriptions of 
peoples that had not been pacified by a colonial adminis- 
tration. Colonialism is suspected by some to increase 
rates of intergroup conflict in stateless societies, casting 
doubt on data from areas like the American Plains, 
where contact predated good ethnography. New Guinea 
is unique in the amount of good ethnography obtained 
within a few years of first contact with complex societ- 
ies. We have focused on pre-state societies because they 
are characteristic of more of human history than more 
complex societies and the basic institutions of human 
societies evolved under stateless conditions. 

We have made an effort to sample as many ethno- 
graphies as possible, focusing on those dealing with pre- 
contact warfare among indigenous peoples. We have 
chosen to focus on warfare only because it is a conspicu- 
ous way in which groups become extinct and is likely 
to be recorded. Even where defeat in war is the proxi- 
mate cause of an extinction, a variety of other factors 
may have precipitated the event by causing the defeated 
group to decline in numbers. Extinction through war 
may be the common fate of groups which have declined 
for some other reason. 

We define a group as a territorial population that can 

conduct warfare as a unit. An extinction is said to occur 
when (i) all members of a group are killed or (2) mem- 
bers of a group are assimilated into another group either 
wholly or in part. When a group is routed from its terri- 
tory but remains intact as a social unit (or its fate is 
unknown), then a forced migration, not an extinction, 
is said to have occurred. 

GROUP EXTINCTION 

To estimate the rate of group extinction for a region, 
three types of information are needed: (i) the number 
of extinctions, (2) the number of years over which the 
extinctions took place, and (3) the number of groups 
among which the extinctions took place. We were able 
to assemble this information for five regions in Irian Jaya 
and Papua New Guinea. 

The Mae Enga. The Mae Enga live in the Central 
Western Highlands, where population density averages 
40 to 43 persons/km2 but reaches densities of over ioo 
persons/km2 (Meggitt i962:1 58; I977:i). The immedi- 
ate causes of war (Meggitt I977:I3) are land disputes 
(58%), other property disputes (24%), homicide (I5%), 
and problems related to sexual jealousy (3%). Meggitt 
recorded a 5o-year warfare history for I4 Mae Enga clans. 
In the 29 conflicts for which the outcome was known, 
there were 5 extinctions. Extinctions did not result from 
the killing of all group members; routed clan members 
were forced to disperse and find refuge among other 
clans, often with kin (I977:I5, 25-27). There is evidence 
that these immigrants became culturally assimilated 
into their host group, usually within a generation (Meg- 
gitt I965:3I-35). Rapid assimilation occurred because 
true clan members received unqualified land rights, as 
well as economic, ritual, and military aid. As Meggitt 
(I977:i9o) notes, "Members of defeated and dispersed 
groups who have gone to live elsewhere have good politi- 
cal and economic reasons not to draw attention to their 
immigrant status but instead try for relatively rapid ab- 
sorption into the host clan.... In consequence, the iden- 
tities of extinguished clans or subclans are soon lost to 
public knowledge and in time such groups drop out of 
the genealogies of their former phratries." 

The Maring. The Maring live in the Central High- 
lands, an area of relatively low population densities, av- 
eraging less than 2o persons/km2 (Vayda I97I:22). Wars 
are usually triggered by a murder or attempted murder 
(56% of cases). The remaining 44% are fought over land, 
women, or theft (I97I:4). Vayda's warfare history con- 
cerns 32 clan-clusters and autonomous clans and has a 
depth of about 5o years (Andrew Vayda, personal com- 
munication). He mentions I4 wars in which victims 
were routed from their territories. Only in one case was 
there a clear extinction; the other groups eventually re- 
turned. However, in two of these cases routed clans re- 
claimed their territory only with the help of the Austra- 
lian police and probably would have become extinct 
otherwise. Rappaport (i967:26) explains that members 
of vanquished groups who find refuge in another group 
do not maintain their autonomy: "the de facto member- 
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ship of the living in groups with which they have taken 
refuge is converted eventually into de jure membership. 
Sooner or later the groups with which they have taken 
up residence will have occasion to plant rumbin, thus 
ritually validating their connection to the new territory 
and their new group." 

The Mendi. The Mendi live in the Southern High- 
lands, where population density is i8 persons/km2 
(Meggitt i965:272). Ryan (i959) describes, for a 5o-year 
period, the history of clan degeneration, extinction, and 
new group formation for a group of nine clans known as 
the Mobera-Kunjop. In this period there were three clan 
extinctions. In two cases, the clans were routed by war- 
fare and absorbed by other groups; in the third a degener- 
ating clan was eventually absorbed by another clan. 

In two cases, vanquished groups did not suffer disrup- 
tion but managed to remain functioning as an intact 
subclan in their host group. Ryan (I959:27I) suggests 
that such accretionary subclans eventually become as- 
similated into their host clan: "The refugee group, con- 
sisting of sub-clan brothers and their families, may be 
large enough to assume the immediate status of a sub- 
clan.... Once the people have been accepted, granted 
land, and have settled down, there is almost no further 
differentiation made between them and the original sub- 
clans." However, individual nonagnates suffer discrimi- 
nation from members of their host clans (Ryan i959). 
They are less likely to receive bridewealth support 
(which normally comes from fellow subclan members) 
than are true group members, and therefore refugees 
have reason to want to assimilate into their host group: 
"Although it is asserted that acceptance is complete ... 
marriage figures indicate that non-agnatic men tend to 
marry later than agnatic clan members, more of them 
marry only once, and more of them have only one wife 
at a time" (p. 269). 

The Fore and Usufura. Berndt (i962) recorded detailed 
descriptions of war involving groups in four adjacent lin- 
guistic regions of the Eastern Highlands-the Fore, the 
Usufura, the Jate, and the Kamano. Fore population den- 
sity is approximately i5 persons/km2 and that of the 
Usufura 27 persons/km2 (Berndt i962:20). No values are 
given for the other linguistic groups. Berndt recorded 
one extinction during the ten-year period preceding his 
research. The group was routed in warefare and dis- 
persed into several different districts in the area. The 
number of groups involved is slightly ambiguous; Berndt 

indicates that his warfare data are most complete for 
only 8 districts in the area but mentions some 24 dis- 
tricts in his accounts of warfare. 

The Tor. The Tor region is located on the northern 
coast of Irian Jaya (Oosterwal i96i). No density figures 
are provided. Oosterwal recorded a 40-year history for 
the 26 tribal territories in the Tor region. Four tribes 
suffered extinction either through peaceful absorption, 
military defeat and dispersal, or outright extermination 
(Oosterwal i96i:2i-26). In one of the extinctions, Oos- 
terwal is clear about the cultural assimilation of the ex- 
tinct group: "Formerly the Mander language was only 
spoken by the Mander, but since the Foja have lived 
together with the Mander, they have adopted the 
Mander language entirely. Save for a small number of 
words, these Foja do not recollect any more of their own 
language. Their kinship terminology is also identical 
with that of the Mander" (p. 23). 

Table i summarizes extinction rates for the five re- 
gions for which there were enough data to compute such 
estimates. We assume that the number of groups re- 
mains constant, which means that each extinction is 
followed by an immediate recolonization. To the extent 
that this assumption is wrong, extinction rates will be 
higher. We found no ethnographies which yielded an ex- 
tinction rate of zero. In our sample, the percentage of 
groups suffering extinction each generation ranges from 
i.6% to 3I.3%. 

It seems likely that other areas in New Guinea had 
similar group extinction rates. There is mention of 
group extinction in 54% (i5/28) of the societies sam- 
pled. This is no doubt an underestimate, because the 
failure to mention an extinction in an ethnographic ac- 
count of warfare does not necessarily mean that extinc- 
tions never occurred. In 89% (25/28) of the societies 
sampled, there is mention of either group extinction or 
forced migration (see table 2). The near-ubiquity of ex- 
tinction and forced migration in the ethnographic record 
suggests that high rates of extinction were common 
throughout Papua New Guinea and Irian Jaya before pac- 
ification. 

NEW GROUP FORMATION 

Group selection is most effective when new groups are 
made up of members of a single existing group rather 
than of members of many different groups. If new groups 

TABLE I 
Summary of Group Extinction Rates for Five Regions of Papua New Guinea and Irian faya 

% Groups Extinct 
Region Groups Extinctions Years Every 25 Years Source 

Mae Enga I4 5 50 I7.9 Meggitt (I977) 
Maring 32 I-3 50 I.6-4.7 Vayda (I97I) 
Mendi 9 3 50 I6.7 Ryan (I959) 
Fore/Usufura 8-24 I IO 3I.3-IO.4 Berndt (i962) 
Tor 26 4 40 9.6 Oosterwal (i96i) 
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TABLE 2 
Mentions of Group Extinction and Forced Migration in Papua New Guinea and Irian Jaya 

People Extinction Migration Source 

Mae Enga + Meggitt (I 977: I4) 
Huli Glasse (i959) 
Melpa + + Strathern (I97I:55-56, 67) 
Raiapu Enga + + Waddel (I972:37, i86, 263-65) 
Wola + + Sillitoe (I977:79) 
Maring + + Vayda (I97I:II-I3) 
Ok + + Morren (i986:266-67, 272-73, 278-79) 
Kuma + + Reay (I959:7, 27, 3 2) 
Chimbu + Brown and Brookfield (I959:4I, 6i, 263-65) 
Usufura + Berndt (i962:242) 
Jate + + Berndt (i962:.253, 260-6I) 
Fore + Berndt (i962:236, 25I, 257) 
Auyana + + Robbins (i982:2I3-I4) 
Kukukuku + Blackwood (I 978: io2) 
Gahuku + Read (I955:253-54) 
Arapesh + + Tuzin (I976:63) 
Abelam + Lea (i965:i96, 205) 
Mailu + Saville (i926) 
Kiwai + + Landtman (I970[I927J:I48-49, 204) 
Dugum Dani + + Heider (I970:II9-22) 
Ilaga Dani + Sillitoe (I977:77) 
Bokondini-Dani + Sillitoe (I977:76) 
Jale + Koch (I974:79) 
Kapauku Pospisil (i966) 
Tor + + Oosterwal (i96i:2i-26, 48) 
Jaqai Boelaars (I98I) 
Marind-Anim + Ernst (I979:36) 
Bena Bena + Langness (i964:I74) 

are formed when a single group generates a daughter 
group from among its own members, then the daughter 
group will preserve the cultural variants common in the 
mother group. Cultural variants which facilitate daugh- 
ter-group formation will become more common in the 
region as a whole. 

Societies in Irian Jaya and Papua New Guinea are 
characterized by a segmentary social system (Langness 
i964). When members of a social group become too nu- 
merous, the group may split into two similar groups. 
Conversely, when members of a social group become 
too few, they may be absorbed by another group at a 
lower segmentary level (Brown I978:I84-85, i87-88). 
There are numerous anecdotal accounts of new group 
formation (e.g., Brown and Brookfield I959:57; Sillitoe 
I977:79; Vayda I97I:I7; Morren i986:269-70), but 
Meggitt (i962, i965) and Ryan (i959) provide the most 
detailed descriptions of new group formation in two 
highland societies. 

The Enga have a nested hierarchy of patrilineal de- 
scent groups. The phratry is the most inclusive, fol- 
lowed by the clan, the subclan, the patrilineage, and the 
family. Groups everywhere in the hierarchy may grow or 
decline over time, generate daughter groups, or become 
absorbed by other groups: "Groups may emerge, increase 
in size and take over different functions, and in doing 
so achieve higher status by becoming co-ordinate with 
groups that previously included them. In absorption, 

groups that are decreasing in numbers have to relinquish 
particular functions and descend to a lower level in the 
hierarchy.... If the decline continues, the groups even- 
tually vanish" (Meggitt I965:79). For a group to achieve 
or retain a particular position in the hierarchy, it must 
contain enough members to perform the functions ap- 
propriate to that position. For example, from I900 on- 
ward, the population of one Enga clan began increasing 
noticeably until one of its two subclans could no longer 
support itself on its share of land and began encroaching 
on a neighboring clan's territory (Meggitt i965:62-63). 
In skirmishes with the neighboring clan, the subclan 
functioned as if it were a sovereign clan, fighting and 
negotiating homicide payments independently of the 
second subclan, which was itself trying to expand in 
another direction. Eventually members of the two sub- 
clans settled at opposite ends of the clan territory and 
behaved as members of separate clans by intermarrying. 

Meggitt (i965:78-79) gives an account of two Laiapu 
Enga phratries demonstrating extinction and new group 
formation. Each phratry was initially made up of four 
territorial clans. One expanding clan of phratry A at- 
tacked and killed many members of two clans of phratry 
B. The survivors of the two clans fled to other clans, and 
the victorious clan occupied the abandoned territory. 
This successful clan was becoming so large as to achieve 
subphratry status (Meggitt I965:79). Ryan (I959) gives 
similar accounts of group extinction and new group for- 
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mation in the Mendi Valley. When clans become too 
populous, they expand into new territory and an off- 
shoot subclan occupies it. The breakaway subclan at- 
tains clan status as it takes on more and more functions 
appropriate to a clan. 

CULTURAL VARIATION AMONG GROUPS 

Group extinction and group fission will lead to cultural 
change only if there are transmissible cultural differ- 
ences that affect the extinction rate or the proliferation 
rate. Unfortunately, there is little evidence about the 
amount of cultural variation among local groups be- 
cause so few ethnographers study more than one local 
group. Furthermore, there is even less evidence about 
how differences between local groups are related to indi- 
vidual and group fitness in New Guinea ethnography, 
although there is quite good evidence from other areas 
that such variation exists (e.g., Kelly's [I985] study of 
the causes of Nuer expansion at the expense of the 
Dinka). Nor is there evidence about how long such dif- 
ferences can persist in New Guinea groups. Archaeologi- 
cal and linguistic data from small-scale societies else- 
where document many examples of group expansion by 
cultures with more effective social organization in 
which the differences persisted for many generations 
during the expansionary phase (e.g., Bettinger and Baum- 
hoff 's [i982] study of the Numic expansion from south- 
eastern California across the Great Basin). 

Here we review three detailed studies of cultural vari- 
ation among local groups in New Guinea. Two of these 
studies focus on the Montain Ok of Papua New Guinea, 
while the third covers the lowland Tor region of north- 
ern Irian Jaya. Each of these studies suggests that there 
is substantial cultural variation among local groups. 

The Mountain Ok. The Mountain Ok occupy the cen- 
ter of New Guinea and are made up of nine "tribes" 
based on ethnolinguistic affinities (Morren I984:i8o- 
8i). Within these tribes are endogamous "communi- 
ties," sometimes composed of several exogamous clans. 
Only i 5% of marriages take place between members of 
different communities (Barth I97I:I76). 

Ritual practice and belief vary considerably from com- 
munity to community. Ritual knowledge, surrounded 
by secrecy, is fully shared by only a few elders in each 
community. It is transmitted at male initiations, where 
it is rationed out to initiates in steps. Barth argues that 
the ritual knowledge of different communities diverges 
because of error and innovation on the part of the few 
persons who control it. This produces intergroup varia- 
tion in such things as the interpretation of important 
ritual symbols, the use of myths in ritual contexts, theo- 
ries of conception, and the emphasis on symbolic con- 
structions of human sexuality in ritual (Barth I987). 

Sacred objects used in the initiation ritual take on 
different symbolic meaning in different communities 
(Barth i987:4-5). For example, fat from a wild male 
boar is emphatically "male" among both the Bimin- 
Kuskusmin and Baktaman of the Faiwolmin tribe. The 
pig's fat is mixed with various substances to form a red 

paint which is applied to the bodies of novices, except 
for their "female" parts. In communities of the Telefol- 
min tribe, however, the red paint signifies female men- 
strual blood. In fact, menstrual blood is sometimes 
added to the concoction, a practice which would be 
"completely destructive" to the integrity of the Faiwol- 
min rituals. 

Modes in which cosmological ideas are communi- 
cated also differ among Ok communities. The Baktaman 
know almost no myths at all. A peripheral Ok commu- 
nity, the Mianmin, has a larger corpus of myths, but 
these are not central to their ritual events. The Bimin- 
Kuskusmin, in contrast, have an abundance of myths 
which are integrated into ritual (Barth I987:5-6). 

Theories of conception differ among communities 
(Barth I987:I3-I5). Members of the Baktaman and 
neighboring communities believe that children spring 
from male semen which is nourished in the mother. Tel- 
efolmin males believe that children are created from a 
fusion of male and female substances; females believe 
that a fusion of male and female substances creates only 
the flesh and blood of a child, while the female's men- 
strual blood alone forms the bones. Other communities 
are characterized by still different theories of concep- 
tion. 

The Faiwolmin. Variation among communities 
within the Faiwolmin tribal area of the Ok region may 
provide an example of cultural variation that is linked 
to group survival. Barth (I97I; cf. Morren I984) argues 
that more elaborate, communal rituals and specialized 
cult houses lead to more centralized community organi- 
zation which increases the survivability of the commu- 
nities embracing them and that communities with less 
elaborate cultural forms and more dispersed settlement 
patterns are more likely to become extinct. Within the 
Faiwolmin tribal area, ritual organization and specializa- 
tion find their most elaborate expression in the central- 
ized communities (Barth I97I:I79-8I). Male initiation 
is organized in seven grades through which males pass 
as age-sets. In western communities there are four such 
grades, and in the southeastern communities they range 
from four to one (p. I85). Different rituals take place in 
specialized cult houses. Most Faiwolmin communities 
contain three permanent cult houses as well as a com- 
munal men's house. As one moves east and southward 
from central Faiwolmin, the number of cult houses de- 
clines. Most of the southeastern communities contain 
only one permanent cult house, and some perform initi- 
ations in temporary structures. 

There is also variation in social organization among 
Faiwolmin communities, following a similar west-to- 
east pattern of decreasing centralization (Barth I97I: 
I84-8 6). The centralized communities of the Faiwolmin 
form compact villages around several types of semiper- 
manent cult houses, and several exogamous clans make 
up an isolated, largely endogamous political unit. In the 
east the population is dispersed within the community 
territory, shifting household locations at intervals be- 
cause of soil depletion or fear of sorcery. 

According to Barth, "The dispersed pattern without 
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the cult houses . . . clearly organizes a smaller popula- 
tion for defense; and their history of displacement would 
seem to demonstrate this disadvantage" (p. I89); "the 
greater centralization clearly also offers military advan- 
tages and has resulted in conquest and territorial expan- 
sion of the more highly centralized groups in a general 
south-eastward direction" (p. i86). He argues that the 
elaborate rituals and the concomitant communal cen- 
tralization were first introduced to the Faiwolmin com- 
munities from the northwest, and the diffusion of these 
cultural forms created cultural variation among them. 
Finally, selection among groups increased the frequency 
of those cultural forms conferring the highest fitness on 
groups (p. i88): 

The distribution of [cultural] forms is thus generated 
by a number of simultaneously partly independent 
processes. A process of diffusion from an innovation 
centre . . . seems to be taking place. Simultaneously, 
the organization of local cultural transmission is 
such that both loss and improvisation occur and 
new local variants emerge. Different ritual forms im- 
ply different community types; these again confront 
each other in warfare and compete and replace each 
other on the basis of their unequal defensive and of- 
fensive capacities. 

If Barth is correct, this is an example of group selec- 
tion increasing the cultural variants which enhance 
group survival. He considers the alternative hypothesis 
that ecological processes explain the smaller scale of so- 
cial organization. Although he cannot completely rule 
out an ecological explanation, he clearly suggests that a 
ritual system that organizes more people and thus leads 
to a greater frequency of victory in violent conflicts 
is leading to the spread of more complex ritual (pp. 
I88-89). 

The Tor. Significant cultural variation also existed 
between tribal territories of the Tor region (Ooster- 
wal I961). The Tor region is divided into 26 tribal terri- 
tories, but it has 8 separate languages (Oosterwal I96I: 
appendix). Thus, many adjacent tribes speak different 
languages, although the most common language, that of 
the Berrick, is known by members of all tribes (Ooster- 
wal I96I:I8). Oosterwal also notes these differences: 
"the three culture areas in the Tor district are very dis- 
tinct.... [There are] differences in ... kinship terminol- 
ogy, the kinship structure, the socio-religious aspect 
of culture, the way of counting, language-(dialect)- 
differentiations, and some aspects of material culture" 
(p. 46). These three "cultural areas," with associated 
kinship terminologies, are the Berrick, the Ittik and 
Mander, and the Segar and Naidjbeedj. Tribes in "transi- 
tional zones" have elements of all three cultural areas, 
and there is variation within each area (pp. I49-74). The 
terminology of the Berrick tribe emphasizes the age cri- 
terion (e.g., MoElSi is terminologically distinguished 
from MoYoSi) but often ignores the generational crite- 
rion (e.g., MoBr and SiSo call each other by the same 
term). The terminology of the second cultural area ig- 

nores the generational criterion to a far greater extent. 
In contrast to those of the previous two areas, cultures 
in the third region have a strong generational aspect in 
their terminology. There is also variation within each 
of these three broad areas. For example, the cousin ter- 
minology of the Berrick is of the Hawaiian type (all cross 
and parallel cousins called by the same terms as those 
for sisters), while the Waf and Goeammer (of the same 
culture area) use the Iroquois type (FaSiDa and MoBrDa 
called by the same terms but terminologically differenti- 
ated from parallel cousins and from sisters, parallel cous- 
ins commonly but not always classified with sisters). 

Although it is difficult to show that the particular 
group extinctions that we have counted for the five re- 
gions are due to persistent cultural differences, there is 
abundant evidence in New Guinea and elsewhere that 
cultural differences do lead to the success of some 
groups and the decline of others. For example, among 
the Fore the practice of mortuary cannibalism caused 
the spread of the deadly disease kuru. According to Dur- 
ham's (I99I:4II-I3) account of this episode, ritual can- 
nibalism was originally adopted by Fore women as a re- 
sponse to a shortage of game. Nevertheless, the spread 
of the disease as a by-product of this ritual innovation 
threatened Fore groups with extinction until modern 
medical teams intervened. This case points up the am- 
biguous role of rational choice in the group-selection 
process. Individual calculation of advantage may often 
run counter to group advantage, especially when acts 
of cooperation are involved. Rappaport (I979: IOO) called 
attention to the role of the sacred in concealing group- 
advantageous traits from ready attack by selfish reason. 
As the Fore experience with kuru illustrates, traits dis- 
advantageous to groups (and to individuals in this case) 
may sometimes be concealed in the same way. 

Knauft (i985) gives an example of an apparent group 
extinction in progress. The completely acephalous Ge- 
busi were a small and declining group at the time of his 
study. The better-organized Bedamini, making use of the 
big-man style of political organization, were able to raid 
Gebusi villages, but the Gebusi were unable to organize 
an effective defense or a retaliatory response. The bound- 
ary Gebusi villages most exposed to Bedamini raids were 
in the process of assimilating to Bedamini customs. 

Knauft (I993a) also provides examples of cultural dif- 
ferences among seven culture areas along New Guin- 
ea's south coast. He describes how the Marind-Anim sys- 
tem of mythico-religious affiliation supports intragroup 
peace and the organization of large-scale head-hunting 
raids against distant enemies. By contrast, the Purari 
head-hunt among themselves and are declining relative 
to their neighbors. The existence of considerable varia- 
tion at the scale of language groups suggests a consider- 
able time depth for these differences. Although this vari- 
ation occurs among larger groups than we are concerned 
with here, it does show that variation in sociopolitical 
organization encoded in myth and religion has a strong 
effect on group success. 

It is also important that cultural differences between 
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groups persist on time scales sufficient for the operation 
of group selection. Although there is variation among 
local groups in New Guinea, there are no data bearing 
on the question of how long that variation persists. 
However, there is ample evidence for the long-term per- 
sistence of cultural differences among larger groups in 
other culture areas. For example, concepts such as mana 
and tabu typify political culture throughout Polynesia 
despite the fact that these societies have been isolated 
from each other for more than i,ooo years (Kirch I984). 
Egerton (I97I) documents the existence of important 
differences among four tribal groups living in two differ- 
ent types of environment, including two tribes belong- 
ing to the Bantu and two to the Kalenjin language 
groups, which have been separated for thousands of 
years. He notes that tribal history is more important 
than contemporary environmental circumstances in ex- 
plaining most of the variation in attitudes and values 
measured in his data. The roots of the 38 languages of 
Western American Indians go back 6,500 years, and cul- 
tural differences among close neighbors with different 
cultural history have persisted for long periods (Jorgen- 
sen I980:IO9). Belgium is divided by a stable linguistic 
boundary, with a Flemish North and a Walloon South 
(van den Berghe I98I); despite the fact that there is no 
topographical separation, the linguistic frontier has per- 
sisted for 2,ooo years. Such examples from archaeology 
and history can be multiplied at will. While they do 
not prove that cultural differences can persist at smaller 
scales as required by the model, they indicate that this 
assumption is plausible. 

Discussion 

Cultural group selection can explain the evolution of 
group-functional behaviors and institutions in human 
societies if two conditions are met: First, there must be 
some mechanism that preserves between-group varia- 
tion so that group selection can operate. The model de- 
scribed above provides one such mechanism, and we 
have here tested several of the model's basic assump- 
tions against the ethnographic record to determine if 
those assumptions are empirically realistic. Second, 
group selection must be sufficiently rapid to explain ob- 
served patterns of cultural change. The data from Papua 
New Guinea and Irian Jaya allow us to estimate the 
maximum rate of adaptation through group selection. 
Thus, we can estimate a minimum time period in which 
the group-selection process can give rise to group-level 
adaptations. Cultural changes which have occurred on 
a longer time scale are possibly the result of group selec- 
tion; cultural changes which have occurred on a shorter 
time scale are unlikely to have resulted directly from 
group selection, but they may be its indirect result. For 
example, cultural group selection may lead to the evolu- 
tion of property rights, which lead to efficient alloca- 
tions of resources, or of political institutions that lead 
to group-beneficial decisions. 

MODEL ASSUMPTIONS 

The data from New Guinea provide some qualified sup- 
port for the model of group selection described above. 

I. Group disruption and dispersal are common. Ex- 
tinction rates per generation range from 2% to 3I%, 
with a median of IO.4% in the five areas for which quan- 
titative data are available, and the frequent mention of 
extinction elsewhere suggests that these rates are repre- 
sentative. 

2. New groups are usually formed by fission of ex- 
isting groups. The detailed picture from the Mae Enga 
and the Mendi is supported by anecdotal evidence from 
other ethnographies. We are not aware of any ethno- 
graphic report from New Guinea in which colonists of 
new land are drawn from multiple groups. 

3. There is variation among local groups, but it is un- 
known whether this variation persists long enough to 
be subject to group selection and whether this variation 
is responsible for the differential extinction or prolifera- 
tion of groups. 

RATES OF CHANGE 

The New Guinea data on extinction rates allow us to 
estimate the maximum rate of cultural change that can 
result from cultural group selection. For a given group 
extinction rate, the rate of cultural change depends on 
the fraction of group extinctions that are the result of 
heritable cultural differences among groups. If most ex- 
tinctions are due to nonheritable environmental differ- 
ences (e.g., some groups have poor land) or bad luck (e.g., 
some groups are decimated by natural disasters), then 
group selection will lead to relatively slow change. If 
most extinctions are due to heritable differences (e.g., 
some groups have a more effective system of resolving 
internal disputes), then group selection can cause rapid 
cultural change. The rate of cultural change will also 
depend on the number of different, independent cultural 
characteristics affecting group extinction rates. The 
more different attributes, the more slowly will any sin- 
gle attribute respond to selection among groups. By as- 
suming that all extinctions result from a single heritable 
cultural difference (or tightly linked complex of differ- 
ences) between groups, we can calculate the maximum 
rate of cultural change. 

Such an estimate suggests that group selection is un- 
likely to lead to significant cultural change in less than 
500 to i,ooo years. The length of time it takes a rare 
cultural attribute to replace a common cultural attribute 
is one useful measure of the rate of cultural change. Sup- 
pose that initially a favorable trait is common in a frac- 
tion qo of the groups in a region. Then the number of 
generations (t) necessary for it to become common in a 
fraction qt of the groups can be estimated (see appendix). 
The time necessary for different parameters is given in 
table 3. If we take the median extinction rate as repre- 
sentative, these results suggest that group selection 
could cause the replacement of one cultural variant by 
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TABLE 3 
Minimum Number of Generations Necessary 
to Change the Fraction of Groups in Which a 
Favorable Trait Is Common Assuming a Particular 
Extinction Rate 

Extinction Rate 

Initial Fraction Final Fraction 
Favorable Trait Favorable Trait i.6% IO.4% I7.9% 3I% 

O.I 0.9 I92 40.0 22.3 i i.8 
O.OI 0.99 570 83.7 46.6 24.8 

NOTE: Extinction rates were chosen as follows: i.6% (for the 
Maring) is the lowest estimate, IO.4% is the median extinction 
rate, I7.9% (for the Mae Enga) is the estimate based on the best 
data, and 3I% (for the Fore/Usufura) is the highest estimate. 

a second, more favorable variant in about 40 generations, 
or roughly i,ooo years. If we take the extinction rate 
calculated using the best data, those from the Mae Enga, 
this time is cut roughly in half. These calculations as- 
sume that colonizing groups are selected at random from 
the population. If group proliferation is as selective as 
group extinction, then the time is again cut in half, re- 
ducing the substitution time (based on the median ex- 
tinction rate), once again, from i,ooo to 500 years. Not 
all extinctions and new group formations result from 
heritable cultural differences. Since the New Guinea 
ethnographic data are not sufficient to estimate the ex- 
tent to which cultural variation influences group extinc- 
tions, it is not possible to make an estimate of the actual 
strength of group selection in New Guinea. If such esti- 
mates were possible, we expect that they would show 
that actual rates are considerably below the maximum. 
The maximum rate is nevertheless useful as an upper 
bound on the kinds of evolutionary events that cultural 
group selection might explain. 

Our estimate of the maximum rate of adaptation sug- 
gests that group selection is too slow to account for the 
many cases of cultural change which occur in less than 
500 to i,000 years. For example, according to Feil (I987) 
the arrival of the sweet potato in the highlands of New 
Guinea sometime in the i8th century led to many im- 
portant cultural changes. The introduction of the horse 
to the Great Plains of North America in the I500S led 
to the evolution of the culture complex of the Plains 
Indians in less than 300 years. If the rates of group ex- 
tinction estimated for New Guinea are representative 
of small-scale societies, cultural changes such as these 
cannot be explained in group-functional terms. There 
has not been enough time for group selection to have 
driven a single cultural attribute to fixation, even if that 
attribute had a strong effect on group survival. Processes 
based on individual decisions are likely to account for 
such episodes of rapid evolution (see Smith and Win- 

terhalder i992, Boyd and Richerson I985). Such pro- 
cesses will not lead to group-functional outcomes except 
in certain special circumstances (see n. 2). It is possible 
that situations in which a trait or trait complex that 
increases the scale of cooperation is spreading such as 
the one Barth posits for the Faiwolmin do show rapid 
cultural group selection in progress. If the arrival of the 
sweet potato a few centuries ago did provide the subsis- 
tence basis for larger and more complex societies, we 
might expect to observe group selection in the early to 
middle stages of the spread of newly advantageous forms 
of social organization (Golson and Gardner i990, Feil 
I987). 

These results also suggest that group selection cannot 
justify the practice of interpreting many different as- 
pects of a culture as group-beneficial. A given extinction 
rate will lead to slower change if many different, unre- 
lated aspects of the culture affect group survival. Sup- 
pose that both beliefs about food consumption and be- 
liefs about spatial organization affect group survival. 
Then, unless each extinction occurs in a group in which 
both deleterious beliefs about food consumption and 
deleterious beliefs about spatial organization are com- 
mon, some extinctions have no effect on the fraction 
of groups with deleterious beliefs about food, and some 
extinctions have no effect on the fraction of groups with 
deleterious beliefs about spatial organization. Thus a 
given number of extinctions must lead to slower evolu- 
tion of each character than would be the case if only 
one of the characters affected group survival. If group 
selection can cause the substitution of a single trait in 
500 to i,ooo years, the rate for many traits will be sub- 
stantially longer. We know from linguistic and archaeo- 
logical evidence that related cultural groups which differ 
in many cultural attributes have often diverged from a 
single ancestral group in the past few thousand years. 
Thus, there has not been enough time for group selec- 
tion to have produced the many attributes that distin- 
guish one culture from another. 

It is important to understand that slow does not nec- 
essarily mean weak. When individual decision making 
is in opposition to group function in every group, then 
the relatively slow group-selection process will be too 
weak to favor group-functional behaviors. But when so- 
cial interaction results in many alternative stable social 
arrangements, then individual decision making main- 
tains differences among groups. If the resulting variation 
is linked to group fitness, then group selection will pro- 
ceed. For example, consider the response to an environ- 
mental change such as the opening of New Guinea to 
trade with Europeans. Initially, changes in the costs and 
benefits of alternative beliefs and values will cause rapid 
cultural change, soon leading to a new sociopolitical 
equilibrium in each culture. But if there are many alter- 
native equilibria, the nature of each new equilibrium 
may depend on existing norms and values. As long as 
the resulting differences affect group survival, selection 
among groups will continue. Over a millennium or so, 
New Guinea societies with a better political adaptation 
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to world contact will replace those with a poorer adapta- 
tion. 

Thus it follows that these results do not preclude in- 
terpreting some aspects of contemporary cultures in 
terms of their benefit to the group. The model demon- 
strates that under the right conditions group selection 
can be an important process, and the data from New 
Guinea suggest that some of these conditions are empir- 
ically realistic. The data also suggest that the rates of 
group extinction are high enough to cause a small num- 
ber of traits with substantial effects on group welfare to 
evolve on time scales that characterize some aspects of 
cultural change. Group selection cannot explain why 
the many details of Enga culture differ from the many 
details of Maring culture. It might explain the existence 
of geographically widespread practices that allow large- 
scale social organization in the New Guinea highlands, 
practices that evolved along with, and perhaps allowed, 
the transition from band-scale societies to the larger- 
scale societies that exist today. 

Cultural group selection provides a potentially accept- 
able explanation for the increase in scale of sociopoliti- 
cal organization in human prehistory and history pre- 
cisely because it is so slow. Scholars convinced of the 
overwhelming power of individual-level processes have 
real difficulty in explaining slow, long-term historical 
change. Anatomically modern humans appear in the 
fossil record about go,ooo years ago, yet there is no 
evidence for symbolically marked boundaries (perhaps 
*indicative of a significant sociopolitical unit encom- 
passing an "ethnic" group of some hundreds to a few 
thousand individuals) before about 3 5,000 years ago 
(Mellars and Stringer I989). The evolution of simple 
states from food-producing tribal societies took about 
s,ooo years, and that of the modern industrial state took 
another s,ooo. Evolutionary processes which lead to 
change on io- or ioo-year time scales cannot explain 
such slow change unless they are driven by some envi- 
ronmental factor which changes on longer time scales. 
In contrast, the more or less steadily progressive trajec- 
tory of increasing scale of sociopolitical complexity over 
the past few tens of thousands of years indeed is consis- 
tent with adaptation by a relatively slow process of 
group selection. 

These results should be interpreted with caution. It is 
important to remember that we have estimated a maxi- 
mum rate of change for group selection on the basis of 
the assumptions that observed differences among local 
groups are heritable and that they are persistent. Unless 
both assumptions are satisfied, group selection will be 
less important than our results indicate. It is also impor- 
tant to keep in mind that we have studied only one 
form of group selection-competition among small, cul- 
turally heterogeneous groups. Other plausible group- 
selection processes might lead to more rapid change. For 
example, one cultural region may encroach upon an- 
other along a frontier, constantly capturing additional 
land and gradually expanding its domain. The Nuer and 
Dinka formed such a system before they were both over- 

taken by European colonists (Kelly I985). In state-level 
societies, we have to allow for internal group selection 
via the extinction and proliferation of subgroups, such 
as ruling classes, interest groups, firms, and the like, as 
well as selection among states themselves (Hannan and 
Freeman i989). Some economists have considered busi- 
ness failure and proliferation rates sufficient to drive 
group selection of these units (Alchian I950, Nelson and 
Winter i982). The development of collective decision- 
making institutions like bureaucracies and legislatures 
may permit group-functional behaviors to be deliber- 
ately adopted by state-level societies. These processes 
might act at a much faster rate than we have estimated 
on the basis of tribal institutions. 

In conclusion, these data suggest that group selection 
cannot explain rapid cultural change or the many differ- 
ences between related cultures. However, they also 
show that group selection, perhaps in concert with other 
processes, is a plausible mechanism for the evolution of 
widespread attributes of human societies over the long 
run. 

Appendix: Time for Trait Substitution 

Assume that there are two cultural variants-deleteri- 
ous and advantageous. Each is at a local equilibrium un- 
der the influence of within-group processes. Groups are 
connected by the mixing of individuals, and there are 
many such groups. Groups in which the advantageous 
variant is common never go extinct. A fraction e of the 
groups in which the deleterious variant is common suf- 
fer an extinction each generation. The dynamics of this 
system are quite complicated because the frequency of 
advantageous variants within subpopulations in which 
that variant is common depends, to a small degree, on 
the frequencies of both variants in the population as a 
whole. However, if both variants are in local equilib- 
rium, even when there is only a single population in 
which they are common, then it is roughly correct to 
regard the subpopulations as individuals and use formu- 
las from population genetics (see Boyd and Richerson 
iggoa for a fuller treatment). Then, if the advantageous 
trait is common in a fraction q of the groups in the 
region, after one generation 

,= ~q 
(I - q) - e) + q 

and the frequency after t generation is 

qt_( qo 

(I qo)(i- e)t + qo 

Solving this for t yields 

In (qo (I- qt)) 
(I - qo) qt 

In(i - e) 

which was used to generate table 3. 
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Comments 

C. R. HALLPIKE 
Department of Anthropology, McMaster University, 
Hamilton, Ont., Canada L8S 4L9. 2 XII 94 

Soltis, Boyd, and Richerson are to be congratulated on 
providing, for the first time, a solid empirical test of the 
belief that functional/adaptive social traits are the result 
of some process of group selection. Their demonstration 
of the extreme slowness of such a process effectively 
places it on the margin of any evolutionary theory of 
human society. Endogenous processes (such as changes 
in the resource base) and diffusion are obviously far 
more powerful explanations, for which there is also 
abundant evidence. 

It is worth noting, however, that this is yet another 
demonstration of the basic implausibility of the whole 
functionalist/adaptationist style of explaining social 
evolution, because some model of group selection is the 
only possible theory that has ever been produced to ex- 
plain why we should expect functional/adaptive traits 
as the norm in human society. (I am excluding, of 
course, those traits which are conscious responses to 
obvious problems, such as bandages for wounds.) 

Once this selectionist model has been rejected, the 
only solution to the functionalist dilemma is the one 
that I have advocated (Hallpike i986:86-i22), which is 
that there never was such a problem in the first place. 
This is because in small-scale societies with simple 
technologies there are many ways of organizing social 
relations and of adapting to the environment, and within 
very broad limits they will all work. This being so, it is 
futile to try to explain any of them as some kind of 
optimal strategy for anything, and the reason they exist 
will be a matter of historical contingencies. To call some 
cultural feature adaptive will only mean that it must 
meet some minimal criteria of practical adequacy. Func- 
tionalist/adaptive "explanations" always depend on the 
post hoc fallacy that because something is beneficial to 
someone in some way (which is never hard to prove) 
this must be why it has survived. 

One cannot agree, however, with the authors' attempt 
to salvage something of the group selection theory when 
they say, "Cultural group selection provides a poten- 
tially acceptable explanation for the increase in scale 
of sociopolitical organization in human prehistory and 
history precisely because it is so slow." In the first place, 
endogenous processes and diffusion are quite adequate 
explanations for the slow increase in sociopolitical com- 
plexity to which they refer and therefore preclude any 
need to call upon group selection. But some of the most 
obvious examples of increase in social scale, such as the 
Roman Empire or the Industrial Revolution, have been 
extremely rapid, and these cases obviously cannot be 
explained by group selection. To move to the level of 
subgroups, such as interest groups or business firms, as 
the authors contemplate doing, is no solution because 

such groups are themselves only components of wider 
social processes. If the demise of subgroups is to be 
taken as a valid instance of group selection, why should 
it be limited to firms that go bankrupt and not also in- 
clude couples who divorce? The obvious absurdity of 
this example demonstrates that when we are discussing 
group selection we must confine ourselves to groups 
which are self-sufficient communities. 

MASAKADO KAWATA 
Department of Biology, Faculty of Education, 
Shizuoka University, Ohya 836, Shizuoka 422, Japan 
(kawata@ed.shizuoka.ac.jp). 9 XII 94 

Soltis, Boyd, and Richerson's article is an important 
analysis that shows when and to what extent cultural 
group selection plays a role in cultural evolution. It is a 
significant contribution to the fields of both anthropol- 
ogy and evolutionary biology. Although they do not 
deny a role for group selection over a long time period, 
they suggest that it cannot explain cultural change over 
a shorter period. I do not object to the main framework 
of their analysis, but I would like to add some points to 
their discussion. 

The most important assumption of group selection 
may be that a difference in group properties causes dif- 
ferences in group survival and extinction. Soltis et al. 
recognize this assumption and discuss how cultural dif- 
ferences in groups relate to differences in group fitness. 
It is important, however, to distinguish group selection 
from group drift. If there is cultural variation among 
groups, some cultural traits may change in their fre- 
quency by group extinction or by new group formation 
even if the traits do not relate to the causes of extinction 
and formation of the group (i.e., are neutral). This pro- 
cess is similar to random genetic drift and therefore can 
be called group drift (Turner I988). Both processes are 
potential causes of change in the frequencies of cultural 
traits. 

Another important point that Soltis et al. do not dis- 
cuss is the distinction between group properties and in- 
dividual properties. Political organization, spatial distri- 
bution within tribes, and ritual practices are examples 
of group properties. In contrast, food habits adopted by 
individuals are examples of individual properties. If indi- 
viduals can choose a food habit irrespective of group cul- 
tural forces such as the religious preference of the group, 
an increase in the number of individuals adopting the 
food habit may cause the extinction of the group. But in 
this case the group extinction is caused merely by the 
sum of individual deaths caused by the properties of in- 
dividuals-individual food habits. Thus, this is an exam- 
ple not of group selection but of individual selection. 

Soltis et al. suggest that cultural evolution by group 
selection may be a slow process on the basis of their low 
estimates of extinction rates. But there is another type 
of group selection that does not require group extinction. 
In evolutionary biology, group selection has sometimes 
been classified into two types: interdemic and intra- 

This content downloaded from 128.82.119.61 on Mon, 05 Oct 2015 13:36:52 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


SOLTIS, BOYD, AND RICHERSON Group Selection: An Empirical Test | 485 

demic (Wilson I983). The group selection that Soltis et 
al. discuss is analogous to interdemic group selection (or 
intergroup selection). In intrademic group selection, also 
called trait group selection, a difference in the growth 
rates of groups causes changes in gene frequencies (Wil- 
son I980). In this type of group selection, group proper- 
ties should affect differential growth rates among 
groups. After the dispersal of individuals, individual 
properties that produce the group properties affecting 
growth rates increase in frequency in a global popula- 
tion. An analogous process may occur in cultural evolu- 
tion (here this is called cultural trait group selection). 
For instance, a group property such as a political organi- 
zation may cause an increase in the size of the group. 
Consequently, the group will produce more emigrants 
to, or will increase the chance of contact with, other 
groups. This, in turn, will increase the probability of 
cultural transmission to those groups. 

Sober (I984) distinguished two concepts in natural se- 
lection: properties for selection (i.e., properties causing 
selection) and objects of selection (i.e., objects that can 
reproduce and die). For intergroup selection, properties 
for selection are group properties and the objects of se- 
lection are the groups. For trait group selection, in con- 
trast, properties for selection are group properties but 
the objects of selection are individuals. Accordingly, for 
cultural trait group selection as for trait group selection, 
properties for selection are group cultural traits and ob- 
jects of selection are individuals. Cultural trait group 
selection does not require the extinction of groups, as 
does intergroup cultural selection, and thus cultural 
change by this process may be more rapid. In addition, 
this process can be examined by using contextual analy- 
sis (Heisler and Damuth I987) of present-day social 
groups. Intergroup selection and cultural trait group se- 
lection may affect the maintenance and change in fre- 
quency of cultural traits over a short time period, al- 
though the replacement of one cultural trait by another 
over such a short period cannot be explained by these 
group selections, as Soltis et al. have suggested. 

BRUCE M. KNAUFT 
Department of Anthropology, Emory University, 
Atlanta, Ga. 30322, U.S.A. 28 XI 94 

Units of selection above the individual (and below the 
gene) are receiving increasing scholarly attention (see 
Wilson and Sober I994); it is appropriate that group se- 
lection be seriously reconsidered in human cultural evo- 
lution. The rate of group extinction that Soltis, Boyd, 
and Richerson assess for precolonial interior New 
Guinea seems appropriate. A substantial review indi- 
cates that the rate of indigenous warfare, local killing, 
and group turnover was high in many areas of interior 
New Guinea (Knauft I990, i992; see also Healey I985: 
II -I4 with more detailed information on Maring). Ge- 
busi can be added to Soltis et al.'s specific cases (Knauft 
I985, I987); I of the 22 clans has become extinct in 
the past 40 years, and a second has no remaining male 

members and will be extinct within a few years (Gebusi 
do not admit changes in clan affiliation such as cumula- 
tive patrifiliation). Two other Gebusi clans may have 
become extinct since I 940 (no survivors are known, 
though it is possible that some survived outside my sur- 
vey of clan genealogies), and several other clans are in 
danger of extinction. I estimate the Gebusi extinction 
rate to have been equivalent to 3-4 per 22 clans per 50 
years, yielding a 25-year group extinction rate of be- 
tween 6.8% and 9.I%. Gebusi clan extinction is due 
to natural demise and the killing of suspected sorcerers 
rather than the impact of introduced diseases. 

Another case not cited by Soltis et al. is population 
replacement in the Ilaga Valley of Irian Jaya documented 
in detail by Larson (I986). From about I9I0 to I96I, the 
indigenous Damal population was subjected to a series 
of I4 major wars; it declined approximately i5%, from 
I,300 to I,I00. Over this time period, the intrusive Ilaga 
Dani population increased at least sixfold, from 600-700 
to 4,I00. However, significant Damal groups were dis- 
placed outside the Ilaga Valley and formed bitribal com- 
munities and political confederacies with Dani. This 
raises a long-standing problem that Soltis et al. skirt: 
What is a "group"? Presidential groups, political groups, 
culturally ascribed kinship groups, and groups of bioge- 
netic kin are nonisomorphic. Under certain conditions, 
cultural groups can change their identity and their com- 
position incrementally rather than simply "surviving" 
or "becoming extinct." This is theoretically important 
because, like most evolutionary modeling analyses, 
Soltis et al.'s is highly dependent upon its initial as- 
sumptions and definitions; a small change in the defini- 
tion of "group" can produce a substantially different 
outcome. 

The kinds of sedentary and relatively discrete residen- 
tial kin groups that Soltis et al.'s analysis seems to as- 
sume for New Guinea are relatively late in evolutionary 
terms and not a good model for assessing the full poten- 
tial of group selection over the longer course of human 
development (see Knauft I989, I99I, I993b, I994, n.d.). 
Most dispersed foragers exhibited fluid residential com- 
position facilitated by numerous fictive kin, classifi- 
catory clan, totemic, and affinal relationships. These 
arrangements were consistent with the social and 
residential flexibility needed for the full exploitation of 
resources that were dispersed, patchy, and hard to de- 
fend. Given the small population size and low density 
of such bands, this flexibility would not appear to lessen 
the importance of collective selection (e.g., see Rogers's 
[I990:408] suggestion that group selection via selective 
emigration is facilitated by mobility rather than by iso- 
lation of local groups). Important for Soltis et al.'s 
model, dispersed foragers from two geographically dis- 
tant regions seldom fuse or interpenetrate to inhabit a 
new locale. 

Concerning the maintenance of variation, Soltis et 
al.'s notion of group selection appears to adopt the con- 
servative assumption that all traits will spontaneously 
diffuse between groups under conditions of social con- 
tact. While this may be the case for mating behavior and 
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gene pool dispersion among nonhuman populations, it 
is far from uniform for traits influenced by human cul- 
ture-even among flexibly intertwined groups. Diver- 
sity in behavior and belief can be preserved in the face of 
social contact and in the absence of ethnic polarization 
between "groups." Among Gebusi subgroups, for in- 
stance, chains of divergence in a number of residential, 
bodily, aesthetic, and discursive practices were evident 
despite highly prosocial affiliations and common tribal 
identity across the gradients. The strong need to pre- 
serve variation in order for selection to operate (Dar- 
win's dilemma in ignorance of Mendelian genetics) does 
not seem to be as much of a problem for group selection 
in human populations as Soltis et al.'s conservative as- 
sumptions imply. The complement to this microdiffer- 
entiation of culture is the distinctive cultural propensity 
constantly to generate and produce new variation. The 
great curiosity, neoteny, and cognitive development of 
humans provide the infrastructure upon which sponta- 
neous cultural elaboration of human ideas and behaviors 
takes place on a continuing basis. 

These comments suggest that group selection among 
humans may have been more important than Soltis et 
al.'s assumptions allow. More ethnographically realistic 
assumptions about human groups and about the sponta- 
neous generation and maintenance of cultural variation 
are likely to increase the importance of collective adap- 
tations in the consideration of human evolution. 

KEVIN N. LALAND 

Sub-Department of Animal Behavior, University of 
Cambridge, Madingley, Cambridge CB3 8AA, United 
Kingdom. 7 XII 94 

Gene-culture coevolutionary theory is undoubtedly a 
valuable set of tools with which human scientists can 
explore the interaction between genetic and cultural 
processes. Over the past two decades, Boyd and Richer- 
son have been at the forefront of the development of this 
theory. I consider their theoretical investigation of the 
feasibility and consequences of cultural group selection 
to be one of the most important achievements of the 
field in recent years. The significance of this paper is 
that, together with Soltis, they have set out to test this 
body of mathematical theory, using data from societies 
in New Guinea. The authors are to be commended for 
their efforts to integrate theoretical and empirical find- 
ings and illustrate how theory can spawn empirical in- 
vestigation. I hope that this paper will act as a bridge to 
assist those motivated to tackle Boyd and Richerson's 
more technical papers and will stimulate interest in the 
work of other practitioners in the field, notably Cavalli- 
Sforza and Feldman. At the very least, it has informed 
the debate on the feasibility of cultural group selection. 

Now that Soltis, Boyd, and Richerson have established 
that cultural group selection is not implausible, perhaps 
they could reconsider whether cultural group selection 
can really explain self-sacrificial behaviour. The mecha- 
nism of group selection was of interest to evolutionary 

biologists because of the possibility, now thought to be 
small, that it might lead to the evolution of altruistic 
behaviour. It seems to be a common assumption that 
cultural group selection could explain self-sacrificial 
traits (Campbell I975). Yet even if cultural group selec- 
tion is plausible, there are at least two good reasons to 
be suspicious of this assumption. First, how many traits 
are likely to impose a fitness cost at an individual level 
and still be able to increase the persistence or prolifera- 
tion of groups? For a population to bud off into a new 
group requires sufficient individuals to people it, but 
self-sacrificial traits by definition reduce individual via- 
bility. Clearly the rate of group proliferation is not inde- 
pendent of natural selection. Does this mean that the 
only stable group-functional traits will be those also fa- 
vored by natural selection? Can cultural group selection 
only operate in conjunction with natural selection? Sec- 
ond, unless the pressure to conform is intense, individ- 
ual learning will reduce the frequency of maladaptive 
cultural traits. The authors mention the cannibalis- 
tic behaviour of the Fore, which facilitated the spread 
of kuru and almost certainly increased the chances of 
group extinction. It is interesting that the Fore did not 
eat people who died of dysentery or leprosy, since they 
had learned that these conditions were infectious, but 
other causes of death did not deter this practice (Lin- 
denbaum I979). This suggests a role for individual learn- 
ing in the dynamic, eroding cultural variants which are 
obviously maladaptive. We might hypothesize that the 
only maladaptive variants that can be stably transmitted 
across generations will be those that pass the selective 
filter of individual experience. Perhaps the authors could 
clarify the conditions under which they would expect 
self-sacrificial behaviour to evolve by this means. 

I wonder whether Soltis et al. may be underestimating 
the role of cultural group selection in other respects. 
They focus exclusively on extinctions as the elimina- 
tion of populations of individuals rather than popu- 
lations of cultural variants. If some cultural variants 
become extinct simply because the idea dies out or 
individuals choose not to propagate it, then the fre- 
quency of groups with the cultural variant will have 
been reduced just the same as if the population had been 
destroyed. Consideration of both types of extinction will 
increase the rates of change of cultural variants by group 
selection. Secondly, a cultural trait clearly does not have 
to affect the probability of group propagation or extinc- 
tion to spread by group selection, although group selec- 
tion is a weaker force when this is the case. Nonethe- 
less, the extinction of a population is a very dramatic 
event compared with the death of an individual, the loss 
of an allele, or the extermination of an idea, since the 
frequency of a large number of traits in a large number 
of individuals is affected. Consider the fate of "neutral" 
cultural variants that do not affect individual viability: 
While natural selection does not change the frequency 
of neutral traits unless they are strongly associated with 
selected variation, in contrast group selection will 
change the frequency of all neutral variants. This raises 
the possibility that if the authors were simultaneously 

This content downloaded from 128.82.119.61 on Mon, 05 Oct 2015 13:36:52 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


SOLTIS, BOYD, AND RICHERSON Group Selection: An Empirical Test | 487 

to consider the dynamics of a number of traits (i.e., 
multilocus models at a cultural level), group selection 
could be found to be a more significant agent. 

JAMES G. PEOPLES 
Department of Sociology/Anthropology, Ohio 
Wesleyan University, Delaware, Ohio 43015, U.S.A. 
29 XI 94 

Soltis, Boyd, and Richerson have given us another paper 
that extends and applies some of the evolutionary mod- 
els formulated in the past fifteen years by Boyd and 
Richerson. In their pioneering approach, the frequency 
of a given cultural feature in a human group results from 
the operation of certain evolutionary forces that affect 
rates of intergenerational transmission (discussed and 
modeled in Boyd and Richerson I985). The fact that the 
mechanism of cultural transmission is social learning 
rather than biological reproduction imbues culture with 
properties that make humans unique. Two of the most 
important of these properties are that (i) humans coop- 
erate on a much larger scale than other organisms and 
(2) group selection is potentially a more powerful evolu- 
tionary force in human behavior than in other organisms 
(Boyd and Richerson I98 2, I987, I9gob). 

The present paper attempts to determine whether es- 
timated rates of group extinction among well-studied 
New Guinea peoples are sufficiently high for coopera- 
tion in warfare to be fixed by a process of group selec- 
tion. A more general suggestion is that group selection 
is more likely to be responsible for changes over very 
long time spans than over short periods. 

The authors perform a valuable service in pulling to- 
gether available data on group extinction rates for pre- 
contact New Guinea. I agree with the essentials of their 
model of how group selection might work in human 
populations, and I applaud their effort to determine 
whether the conditions for the model are met by real 
human groups. My main reservations have to do with 
(i) the implications of their findings on group extinction 
rates and (2) the conclusion that group selection can ex- 
plain only very long-term cultural changes. 

i. The data presented on extinction rates are critical 
because group selection requires relatively high rates of 
biological or social extinction. In New Guinea, the au- 
thors doubt that group extinction rates are high enough 
for cooperation in warfare to have been fixed by group 
selection. Their skepticism arises from their unspoken 
assumption that observed extinction rates apply to the 
past as well as the present-that is, that rates have been 
roughly constant over long time periods. But if extinc- 
tion rates were higher during previous historical periods, 
then past group selection could have fixed high levels of 
cooperation among present-day groups such that they 
seldom go extinct-that is, over long time spans groups 
approached equilibrium with one another, resulting in 
low extinction in the present. Indeed, under conditions 
of organized intergroup conflict, intuition as well as the 
New Guinea ethnographic record suggests that short pe- 

riods of violent warfare alternate with longer periods of 
uneasy peace. To determine whether extinction rates are 
sufficiently high we need data collected during times of 
great hostility, not data gathered during peaceful inter- 
vals and not data collected after the group selection pro- 
cess may have run its course. Such data are difficult to 
find and collect. My first comment, then, is that infor- 
mation about recent extinction rates is an inadequate 
basis on which to judge whether cooperation could have 
been fixed by historical group selection. 

2. The article's conclusion suggests that, under real- 
world conditions, group selection operates so slowly rel- 
ative to other processes that it cannot explain most 
short-term cultural changes. However, this suggestion 
is not compelling, for the authors overgeneralize their 
findings: one cannot use data on extinction rates from 
one part of the world to conclude that group selection 
is unimportant elsewhere. We just do not know whether 
group extinction rates in other places and times are com- 
parable to those given for New Guinea. Lacking such 
information, we cannot conclude (although certainly we 
can "suggest") that group selection is a weak force. 

In my view, group selection can be a powerful evolu- 
tionary force to explain a given cultural feature(s) X 
when all of the following conditions exist: (i) coequal 
groups compete over resources, with the losers becom- 
ing socially or biologically extinct; (2) competitive suc- 
cess against other groups increases with increased coop- 
eration; (3) the benefits of cooperation are public goods; 
(4) the willingness to cooperate depends upon cultural 
feature X, but actors are unaware of the connection be- 
tween feature X and their cooperative behavior; and 
(5) competitive success leads either to territorial expan- 
sion through subdivision or to growth of the successful 
population(s), which replicates its cultural features over 
long time spans. "Coequal" in condition i means that 
no group has such a strong competitive advantage that 
it can reliably and regularly overwhelm its competitors. 
"Socially extinct" means that the group disintegrates as 
an organization and the members disperse. Condition 2 
simply says that success varies with the ability of a 
group to induce its members to cooperate (all else equal). 
Condition 3 is necessary because if noncooperators can 
be excluded from acquiring benefits, then selfish ratio- 
nality or tit-for-tat may be sufficient to lead to sufficient 
cooperation and selection between groups will not oper- 
ate. Condition 4 requires that group members not recog- 
nize that their willingness to cooperate is partly due to 
the existence of feature X but believe that feature X ex- 
ists for some other reason (i.e., the functionalist assump- 
tion). This condition is necessary because otherwise the 
characteristic to be explained (feature X) is more likely 
to be explained by planning or some other form of group 
decision making than by group selection. Condition 5 is 
necessary for feature X to spread among the metapopula- 
tion, as the article points out. 

These five conditions may appear restrictive and 
group selection therefore rare. However, it is reasonable 
to believe that these conditions will often apply to many 
horticultural and pastoral peoples engaged in organized 
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intergroup warfare, to firms in a competitive market- 
place, to political parties, to athletic teams, and to busi- 
ness associations. I suspect that feature X will com- 
monly take the form of group-enacted rituals and 
ceremonies, ethnic and other emblematic symbols, ab- 
stract ethical principles, and values of loyalty. 

ANDREW P. VAYDA 

Department of Human Ecology, Cook College, 
Rutgers University, New Brunswick, N.J. o89o3, 
U.S.A. 2I XI 94 

Although generally an admirer of Boyd and Richerson's 
work on processes and mechanisms of cultural evolu- 
tion (see Vayda I995), I must question whether they and 
coauthor Soltis have been able to find in New Guinea 
data the evidence they need for a meaningful test of their 
model of group selection. Thus, for their crucial assump- 
tion that biased cultural transmission is a mechanism 
whereby cultural differences among small local groups 
are maintained despite contacts and intermarriage, there 
is no evidence at all. Consistent with this, there also is, 
as the three authors concede, no evidence from New 
Guinea that cultural variation among local groups "per- 
sists long enough to be subject to group selection and ... 
is responsible for differential extinction or prolifera- 
tion." And there is evidence of trading and marriage 
contacts, as well as other mechanisms, which would 
have-or, at least, could have-worked against the long 
persistence of particular cultural differences. As I noted 
long ago (Vayda i966:294), the widespread cultural uni- 
formity which has impressed some anthropologists in 
New Guinea (e.g., Pouwer i96i:i-2; Read I954:6) may 
well have resulted from the trading and intermarriage 
which joined local groups in diffusion chains extending 
sometimes for distances of more than ioo miles (Pos- 
pisil I963:337-38; Salisbury i956:562; Vayda, Leeds, 
and Smith I96I:73 n. io). I further noted in the same 
article that my own studies in the Bismarck Mountains 
on the fringe of New Guinea's central highlands indi- 
cated that even when wives coming from other groups 
were native speakers of different languages and made no 
substantial direct contributions to the culture of their 
husbands' groups, a result of marriage with such women 
was affinal connections serving as channels for cultural 
importations. Informants cited not only certain new 
crops and tools but also certain new rituals as having 
been obtained by virtue of such connections (Vayda 
I966:295). 

Other New Guinea ethnographers have described 
other mechanisms that would have worked against long 
persistence of particular cultural differences. Barth's 
Mountain Ok case (I987) is noteworthy because of the 
several paragraphs devoted to it by Soltis et al. To ex- 
plain the differences that he found among Mountain Ok 
groups in rites and associated cosmological ideas which 
had evidently come from a common source, Barth re- 
ferred to guesswork and improvisation by the elderly 
ritual experts who, with imperfect mnemonic capabili- 

ties, were responsible for maintaining knowledge of the 
rites in secrecy between times of their performance ev- 
ery ten years or so. This explanation is cited and presum- 
ably accepted by Soltis et al., but they fail to mention 
that Barth (i987:24, 26, 27) referred also to borrowing 
from other communities as a means of filling the gaps 
in ritual specialists' memories. As variable combina- 
tions of what is remembered, what is improvised, and 
what is borrowed, ritual practices and beliefs may still 
differ among Mountain Ok groups at any one point in 
time, but the differences can hardly be taken as evidence 
of the kind of intergenerationally persisting cultural 
variations called for by Soltis, Boyd, and Richerson's 
model of cultural group selection. 

As for evidence of local-group extinctions, I must 
question the decision by Soltis et al. to consider extinc- 
tion only through warfare and their justification of this 
decision on the grounds that such extinction may be the 
common fate of declining groups. Among Maring there 
were, as indicated by my unpublished data on changes in 
local groups, considerably more local-group extinctions 
than the single one cited by Soltis et al. from my article 
on Maring warfare (Vayda I 97 I). These extinctions were 
not necessarily connected proximately with warfare; 
they occurred exclusively at the lower altitudes where 
Maring local groups were, because of environmental fac- 
tors, much smaller and much more subject to deaths 
from malaria than in the higher, core areas of Maring 
settlement (cf. Lowman I980 and the summary of it in 
Foin and Davis I987:I3). 

My reason for referring here to these extinctions is 
merely to set the record straight rather than either to 
support or to oppose the Soltis-Boyd-Richerson model. 
In line with what I have said at the beginning of this 
comment, I regard evidence of local-group extinctions 
as having little relevance to their model in the absence 
of evidence of long-persistent cultural differences be- 
tween those groups which become extinct and those 
which do not. 

DAVID SLOAN WILSON 
Department of Biological Sciences, Binghamton 
University, State University of New York, 
Binghamton, N.Y. I3902-6000, U.S.A. I7 XII 94 

Soltis et al. make a valuable and judicious effort to mea- 
sure rates of cultural change that can be expected to 
occur at the group level. The very fact that they are 
attempting to provide data for a subject that is domi- 
nated by speculation deserves praise. I think that their 
estimate of 5 00-I,OOO years is reasonable for some kinds 
of cultural group selection but that other kinds can oc- 
cur more rapidly. Thus, their suggestion that "group se- 
lection cannot justify the practice of interpreting many 
different aspects of a culture as group-beneficial" is not 
warranted by their analysis. 

It is important to distinguish between two kinds of 
cultural evolution. Some cultural transmission rules 
perpetuate behaviors but do not automatically cause 
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them to spread through the population. For example, the 
rule "Do what your parents do" will simply cause traits 
to be passed from parents to offspring in the same fash- 
ion as genetic traits. Whether a particular trait increases 
in frequency will depend on differential births and 
deaths and therefore will have a time scale similar to 
genetic evolution. Other cultural transmission rules ac- 
tually cause traits to spread of their own accord, some- 
times very rapidly. For example, rats are normally reluc- 
tant to accept novel foods (which may be poisonous) but 
will readily do so if they smell the odor of the food on 
another rat. The transmission rule "Accept a novel food 
if you smell it on another rat" can cause the acceptance 
of a novel food to spread rapidly through a population 
without a differential birth-and-death process. 

To understand the second kind of transmission rule, 
we must ask how it evolved. In the rat example, it is 
fairly obvious that the transmission rule is biologically 
adaptive because the novel food will not be poisonous 
if another rat has been eating it. Furthermore, it is adap- 
tive at the individual level. Rats that follow the decision 
rule will have more offspring than rats in the same popu- 
lation that do not. Thus, the decision rule probably 
evolved by individual selection. 

It is conceivable that the second kind of transmission 
rule can also evolve by group selection (see Wilson and 
Sober I994 for a review of group selection as it relates 
to human behavior). For example, imagine that rats have 
a special alarm call that they give when their group is 
challenged by another, hostile group of rats. The alarm 
call is repeated by any rat that hears it before rushing to 
the source of the disturbance. The transmission rule 
"Call if you hear a call" does not increase the fitness of 
callers relative to noncallers in the same group but 
rather causes the whole group to mobilize quickly, in- 
creasing its fitness relative to other groups (at least as 
the example is constructed). 

When we observe the cultural transmission of alarm 
calls, do we say that it evolves by cultural group se- 
lection? Obviously not, if we are looking at the here- 
and-now process of cultural transmission, because it 
spreads within the group in a matter of seconds. In a 
more ultimate sense, however, we are justified in saying 
that the behavior evolved by group selection, since the 
cultural transmission rule that promotes it evolved by 
group selection. We are also justified in interpreting this 
aspect of culture as group-beneficial. 

To state the argument more generally, transmission 
rules that cause traits to spread through the population 
can evolve by within- or between-group selection. The 
role of group selection can be evaluated only by examin- 
ing the fitness consequences of the traits. If the trans- 
mission rule consistently promotes traits that increase 
the fitness of groups relative to other groups, it probably 
evolved by group selection (as in the alarm-call exam- 
ple). If it consistently promotes traits that increase the 
relative fitness of individuals within groups (as in the 
food-acceptance example) it probably evolved by within- 
group selection. 

The transmission rules that Soltis et al. consider are 

an interesting mix of the two kinds of cultural evolution 
discussed above. The majority rule makes the most fre- 
quent traits actively spread to fixation within groups, 
but then a differential birth-and-death process at the 
group level is required for additional spread. Five hun- 
dred years is remarkably short as differential birth-and- 
death processes go. How long would it take a trait that 
is culturally transmitted from parents to offspring to 
spread by a differential birth-and-death process at the 
individual level? It is extremely important for us to 
know the probable rates of ongoing cultural group selec- 
tion, and no more should be expected of the target ar- 
ticle. However, for a complete understanding of group 
selection and cultural evolution we must examine the 
evolution of transmission rules that actively propel 
traits through populations. To the extent that they pro- 
mote group-level functional organization, they may well 
have evolved by group selection. 

Reply 

JOSEPH SOLTIS, ROBERT BOYD, 
AND PETER J. RICHERSON 
Los Angeles, Calif., U.S.A. 2o I 95 

We are grateful to the several commentators who have 
suggested useful amendments to our paper. Knauft pro- 
vides an additional extinction-rate estimate from his 
work among the Gebusi. This estimate (between 6.8% 
and 9.I%) provides a 2o% increase in the size of our 
sample! Knauft also makes a good point about the im- 
portance of how groups are defined. The size of groups, 
the degree to which they are bounded, and their internal 
structure are important empirical questions. Our simple 
model seems to be an adequate first approximation for 
precolonial New Guinea, but undoubtedly things are 
more complex elsewhere. As we note, the specific form 
of group selection that we modeled is only one of many 
possible forms. 

Kawata makes two useful theoretical suggestions. As 
he notes, we neglected the effect of drift at the group 
level. Such a process will act whenever extinction and 
recolonization are random processes and the number of 
groups is small. Group drift has two effects: it reduces 
variation among groups in the same way that genetic 
drift reduces variation among individuals, and it intro- 
duces a random group-level process that may often op- 
pose group selection. As a result, group drift will reduce 
the likelihood that group-functional behavior will 
evolve. Group drift is likely to be relatively more impor- 
tant than individual drift because the number of compet- 
ing groups will typically be small. Kawata suggests that 
it is important to distinguish group and individual prop- 
erties. We agree. Because we focus on selection among 
groups at different local equilibria, all selection dis- 
cussed in this paper is selection for group properties. 
We also concur with Peoples's suggestion that group- 
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beneficial beliefs, if they do occur, are most likely to be 
involved in ritual and religion because such beliefs are 
most resistant to the corrosive effects of rational calcu- 
lation. 

Hallpike offers two reasons that group selection is 
even less important than our results suggest. First, he 
argues that group selection cannot account for the long- 
term increase in social complexity seen in the archaeo- 
logical record because there are examples of rapid in- 
crease in scale and social complexity such as the 
expansion of the Roman state and the industrial revolu- 
tion. There is no doubt that particular polities have 
vastly increased in size in short periods of time. One 
could add the Inca, Aztec, and Mongol empires to Hall- 
pike's list, along with many other examples. However, 
the expansion of a particular political unit need not cor- 
respond to the evolution of beliefs, norms, and institu- 
tions that permit the increase in scale. It is likely that 
the cultural changes that allowed Rome to expand at 
their neighbors' expense were under way long before the 
Roman expansion and were part of a long tradition of 
city-state polities in the Mediterranean basin. Moreover, 
many norms and institutions that spread with Roman 
military and economic success did not disappear when 
the Roman state collapsed. Instead, they were adopted 
by other groups in Europe and the Middle East and, re- 
combined with local concepts, may have provided the 
basis for Arab and later European states. 

Second, Hallpike argues that selection among sub- 
units of societies such as lineages or firms is not group 
selection because they are embedded in and dependent 
on a larger social system. He argues that we should limit 
the term "group selection" to self-sufficient communi- 
ties. He attempts to demonstrate this by the reductio 
ad absurdum-if group selection can apply to firms, 
why not to married couples? We don't care very much 
what gets labeled group selection. However, Hallpike is 
wrong if he thinks that only selection among self- 
sufficient communities can lead to the spread of group- 
beneficial practices. Mae Enga clans are embedded in 
phratries, which, in turn, are embedded in the Mae Enga 
ethnic group. At lower levels there are subclans, fami- 
lies, and so on. If there are cultural differences between 
groups at any level in this hierarchy, and if these differ- 
ences are heritable so that daughter groups are like their 
parents, and if these differences affect the probability of 
survival or production of daughter groups, there will be 
a selective process that leads to the spread of cultural 
beliefs or practices that enhance the survival or repro- 
duction of groups at that level-that is, cultural attri- 
butes that benefit groups not individuals. The degree to 
which groups are self-sufficient is relevant only to the 
extent that it affects the necessary conditions for group 
survival or reproduction. Competition between firms 
can occur only in a particular cultural and institutional 
environment, and as a result business firms are not, in 
any sense, self-sufficient. They must recruit employees, 
import resources, and export goods or services. Nonethe- 
less, there is much evidence that practices that enhance 
the ability of firms to survive and grow spread because 

unsuccessful firms go bankrupt (Nelson and Winter 
i982, Hannan and Freeman I989). In principle, there is 
nothing absurd about selection among married couples. 
If married couples varied culturally, if these variations 
affected the divorce rate, and if these variations were 
transmitted to the next generation of married couples, 
then selection at that level would increase the frequency 
of beliefs that inhibited divorce. In fact, however, mar- 
ried couples probably do not transmit their particular 
social arrangements intact to other married couples, at 
least not very often. 

We partially endorse Hallpike's claim that there are 
many solutions to group-functional problems. Such vari- 
ation is consistent with the action of a slow, awkward, 
historically contingent process like group selection. 
However, his blanket dismissal of group functionalism 
on the basis of such evidence very plainly goes too far. 
It is easy to cite a vast number of well-described cases 
in which social-organizational differences influence the 
outcome of intergroup conflicts. Barth's (I98I) classic 
study of Swat is a typical example. The feudal Pathan 
system could expand at the expense of Kohistani village- 
level polities, but only to where environmental limits 
permitted enough farm productivity to support Pathan 
warrior elites. Beyond that frontier, the Kohistanis had 
an advantage, and the intercommunity boundary has re- 
mained stable for hundreds of years. More generally, we 
take it that there are three features of human social 
groups that have to be explained: (i) Large-scale human 
societies work well enough to have made us the earth's 
dominant animal species in the past io,ooo years. (2) 
Human cooperative institutions are highly variable from 
place to place and time to time. (3) These institutions- 
even the best of them-are today very far from exhib- 
iting adaptive perfection. Hallpike leans on evidence for 
2 and 3 in order to discount i, but i is, it would seem 
to us, empirically true. A relatively slow group-selection 
process, gradually culling through a myriad of complex 
alternative social arrangements against a background of 
ongoing technical change, can produce steady improve- 
ments in cooperative capabilities without reaching adap- 
tive perfection for a very long time. Any mechanism 
which purports to explain human social evolution over 
the past 35,000 years or more must account for all three 
bodies of evidence. In general it is a mistake to think 
that adaptive and historical explanations are antithetical 
(Boyd and Richerson i992). This mistake leads to the 
absurd dilemma that Hallpike erects. 

Laland argues that cultural group selection is unlikely 
to lead to the evolution of self-sacrificial behavior be- 
cause (i) most individually deleterious behaviors are 
also deleterious to the group and (2) when behaviors are 
individually deleterious they will be rapidly eliminated 
by individual learning unless the conformist effect is 
unrealistically strong. We disagree. There are many be- 
haviors that are individually costly but group-beneficial. 
Such a payoff structure (called an n-person prisoner's 
dilemma by game theorists, a public good by econo- 
mists, and the tragedy of the commons by human ecolo- 
gists) arises in a wide variety of social contexts, includ- 
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ing environmental pollution, overexploitation of game 
and other common-property resources, warfare, collec- 
tive political action, and many, many others. We also 
believe that a weak conformist effect can stabilize indi- 
vidually costly behaviors against the effects of individ- 
ual calculation whenever it is difficult for individuals to 
discern the relative costs of alternative behaviors. Reli- 
gious beliefs provide many examples. Religious ideolo- 
gies create elaborately rationalized, difficult-to-doubt 
beliefs such as that there is an afterlife in which heroes 
are rewarded and cowards are punished. Dramatic cere- 
monies and effective systems of indoctrination generate 
great emotional salience for such beliefs. As a conse- 
quence, individual learning may have little effect on 
their spread. A group in which most people fervently 
believe that heroes will live fci-ever in paradise may have 
an advantage in conflicts with more rational groups 
(Rappaport I979). 

Several commentators suggest that our data are biased 
in a way that underestimates the strength of group se- 
lection. Peoples cautions that New Guinea may not be 
representative, Vayda suggests that many extinctions 
may occur without warfare, and Knauft notes that the 
hunter-gatherers live in much more flexible, fluid popu- 
lation structures that may potentiate group selection. 
All of these objections are well taken. We have provided 
a single, rough upper-bound estimate on the rate of 
group selection for a particular form which seems to 
have characterized New Guinea societies in the first half 
of this century. It would clearly be very desirable to de- 
rive estimates for people living in other environments 
using different subsistence techniques. Our estimate 
may be robust, or it may be that changes in the details 
of how the process works will turn out to be very impor- 
tant. As does Knauft, we think that estimating group- 
selection rates for hunter-gatherer populations is of par- 
ticular importance because it is plausible that cultural 
group selection occurring over much of the Pleistocene 
may have created social environments which favored 
genetic altruism. When we began this project we at- 
tempted to find comparable data for several other areas 
but were unsuccessful. We hope that this paper may 
stimulate others who are more knowledgeable than we 
are to publish additional estimates. 

Kawata suggests that intrademic group selection may 
be faster than the interdemic group selection considered 
here. While we agree that there may be other forms of 
group selection that could lead to more rapid social evo- 
lution, we do not think it is likely that intrademic selec- 
tion could have this effect. Biologists distinguish be- 
tween interdemic group selection, in which long-lived, 
partly isolated groups compete, and intrademic group 
selection, in which competition is among ephemeral 
groups that are formed anew each generation. The cen- 
tral problem with both mechanisms is the generation 
of variation among groups. Many biologists believe that 
kinship is the only mechanism that can generate sub- 
stantial genetic variation among the ephemeral groups 
posited in intrademic models. Elsewhere, Boyd and 
Richerson (unpublished) have modeled intrademic group 

selection among alternative stable equilibria and found 
that it cannot generate the variation necessary for group 
selection to work. The reason is that rare beneficial 
equilibria cannot reproduce themselves and therefore 
such traits are eliminated by within-group processes. 

Two commentators believe that the model of group 
selection we have outlined requires that groups be iso- 
lated from each other. Vayda argues that variation 
among groups cannot persist over long time periods be- 
cause there is frequent contact and intermarriage among 
groups and such contact would rapidly destroy between- 
group variation. Knauft, in contrast, chides us for being 
unnecessarily conservative-group differences can per- 
sist, he argues, despite frequent contact and intermar- 
riage-and as a consequence underestimating the impor- 
tance of group selection. In fact, the model does not 
assume that frequent contact will necessarily erode vari- 
ation among groups. Rather, it assumes that this ten- 
dency may be counteracted by the tendency of people 
to adapt their beliefs and values to local circumstances. 
If these adaptive processes, which we have labeled bi- 
ased cultural transmission and guided variation, are 
strong, they can maintain differences among groups de- 
spite extensive mixing. Consider the following hypo- 
thetical example: There is a population subdivided into 
a number of groups with frequent contact and intermar- 
riage. In most groups most people believe that nepotism 
is morally correct. However, there are a few groups in 
which most people believe that nepotism is wrong and 
should be punished. If adaptive processes are strong, 
they can maintain this situation indefinitely. New nepo- 
tistic immigrants who arrive in a group in which nepo- 
tism is thought to be wrong rapidly leam that nepotism 
is a bad idea, so that when yet more nepotistic immi- 
grants arrive they find themselves to be in the minor- 
ity and rapidly learn to avoid nepotistic behavior, thus 
maintaining the strategy that originally arose merely by 
chance. If, in contrast, adaptive processes are weak, then 
in a nonnepotistic group most of the immigrants will 
believe in nepotism and only a few immigrants will have 
rejected their previous beliefs by the time more immi- 
grants arrive. This reduces the cost of behaving nepo- 
tistically, and thus even fewer of these new immigrants 
reject nepotism, nepotism eventually becoming the 
norm and the subpopulation coming to resemble the 
global population. 

We believe that there is ample evidence that cultural 
differences among neighboring groups can persist for 
long periods of time. However, we also believe that it 
is important to understand the processes that maintain 
cultural variation because they may have important con- 
sequences. In the present context, that extinction re- 
sults from the disruption of the group and that group 
selection requires that new groups be formed by fission 
both follow from the nature of the processes that are 
assumed to maintain differences among groups. If some 
other processes were important in maintaining differ- 
ences between groups, as is the case in most genetic 
models, then group selection would work quite differ- 
ently. 
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That two specialists who have worked in the same 
region can disagree so fundamentally about the nature 
of the persistence of cultural differences points up how 
much more we need to know about cultural variation. 
We have tried to show here how ethnographic data can 
be used to make rough estimates of most parameters in 
a theoretically significant model of cultural evolution. 
Such an estimate is better than nothing, but it is also 
not the last word on the importance of group selection. 
We hope that it will inspire others to do more and do it 
better. 

Laland and Wilson suggest that group-beneficial traits 
may evolve more rapidly if they spread by individual 
choices rather than the differential extinction of groups. 
There is no doubt that this suggestion is correct if peo- 
ple make group-interested, rather than self-interested, 
choices. Moreover, there are experiments which suggest 
that people do just that under controlled conditions (Bat- 
son I99I), as well as when observed under "natural" 
conditions (e.g., voters and legislators are far less self- 
serving than cynical individualists allow [Mansbridge 
I9901). The problem is accounting for people's preferen- 
tial adoption of beliefs that are not in their own self- 
interest. Both theory and observation in evolutionary bi- 
ology suggest that cooperative and altruistic behavior in 
large groups will be limited to close kin. Thus there 
must be something special about the human case. One 
way to solve this problem is to imagine that cultural 
group selection acting over the very long run led to the 
cultural evolution of cooperative norms among Pleisto- 
cene humans. In such a social environment, selection 
might then have favored genetic traits that predisposed 
people to further cooperation because such genotypes 
would avoid sanctions that result from noncoopera- 
tion-an example of the Baldwin effect. It is also possi- 
ble that the basic cultural values which structure hu- 
man motivations have been subject to group selection, 
so that socialized individuals are inclined to make 
group-favoring choices (Richerson and Boyd i989). If hu- 
man individual and collective choice making is guided 
by at least partly unselfish motives, then effective ar- 
rangements for cooperation may evolve must faster than 
would be consistent with the action of group selection. 
Indeed, in a world where intergroup rivalries are impor- 
tant, it would be quite useful to have collective institu- 
tions that anticipate the eventual results of group selec- 
tion in many contexts and get there first. However, the 
facts alluded to by Hallpike make us doubtful that hu- 
man political evolution has been governed by any pro- 
cess that allows the rapid achievement of perfection. 
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